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Foreword

In developed countries, people aged 65 years and over constitute 12–18% of the 
general population but account for around 30–40% of the consumption of health-
care services. The global increase in total numbers of older persons is astonishing; 
by the year 2025, there will be more than 800 million people aged 65 years and over 
in the world, two thirds of them in developing countries.

Physiological changes, multiple pathology, physical incapacity, concomitant 
mental disorders, and social disadvantage mean that special skills are required in the 
diagnosis and management of illness in old age. There is growing concern that our 
medical care system is not structured to effectively address complex chronic disease 
and multi-morbidity, which are both common in the geriatric population.

Since knowledge is power and today knowledge is essential, the more informa-
tion we get, the better we will be able to work with older persons and their different 
conditions. Healthy aging remains a goal.

Rehabilitation Medicine for Elderly Patients is an excellent step in that direction. 
It provides a wide variety of in-depth knowledge about the disorders that affect 
older people, their prevention, and their treatment, because care of older persons is 
complex and involves the expertise of many different healthcare practitioners.

It has been written by a group of internationally well-known scientists, research-
ers, and highly skilled and informed practitioners and condenses the rapidly grow-
ing body of knowledge about aging, geriatric care, and rehabilitation, in 57 chapters, 
subdivided into three parts (Part I, aging; Part II, rehabilitation of the elderly; Part 
III, organization). It has been designed to inspire and inform the reader about the 
science and art of aged care.

The strengths of this generally excellent book, covering an important and some-
times neglected area of health in old age, lie in its thoughtful presentation of current 
approaches to clinical rehabilitation in older people. The goal is to assist all mem-
bers of the healthcare team in better chronic care practice, by developing and 
enhancing interventions to prevent disease and postpone further disability.

Thus, it aims to be an innovative, comprehensive, and educational tool not only 
for international junior doctors but also for all healthcare providers, attracting them 
to think about the total patient; to consider the medical as well as the psychosocial, 
ethical, and complex interdisciplinary aspects of caring for elderly patients; and 
finally to enrich our knowledge, so as to be able to provide efficient and effective 
care to the rapidly growing population of older adults.
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Putting together a book of this magnitude requires enormous effort by many 
people.

We wish to thank the internationally distinguished academics and recognized 
experts in their fields, who covered many different and sometimes innovative topics, 
brought their knowledge, research, experience and good judgment, thus ensuring 
the high scientific standard of the book. We have been particularly impressed by 
their excellent contributions!!

We have particularly appreciated the intensive and creative efforts and the contri-
bution of the editors, Prof. S. Masiero and U. Carraro, whom we congratulate for 
bringing together the best minds and leaders in the field.

It is an honor and privilege for us to provide this foreword to the first edition of 
the book Rehabilitation Medicine for Elderly Patients, published by Springer in 
Practical Issues in Geriatrics, a series whose Editor in Chief is Prof. Stefania Maggi, 
current president of the European Union Geriatric Medicine Society (EUGMS).

Alain Delarque
European Society of Physical  

and Rehabilitation Medicine (ESPRM) 
Paiania, Greece

 Xanthi Michail
ESPRM Special Interest Scientific

Paiania, Greece

PRM in Ageing Persons
Paiania, Greece

Foreword
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Preface  

The world’s older population is rapidly growing in number and proportion, and 
people over 60 years are expected to double in the next few decades (United Nations, 
Department of Economic and Social Affairs, Population Division (2015). World 
Population Ageing, 2015). The European continent is projected to remain for at 
least the next 50 years the world’s area with the oldest population: by 2050 about 
37% of Europeans is expected to be 60 or over (Communication from the commis-
sion to the Council and the European parliament, 2002).

Increased life expectancy which reflects, at least in part, the success of public 
health interventions has many implications: the growing number of older persons 
suffering of chronic diseases increases demands on the public healthcare system, 
costs for management, and social burden. Delirium, sarcopenia, frailty, balance dis-
orders, falls, dizziness, and urinary incontinence are just some the most common 
medical conditions that occur among the elderly, diminish their quality of life 
(QOL), and contribute to their physical and cognitive decline, disability, and death. 
However, aging itself should not be considered negatively, and many interventions 
can be set up by the governments, communities, and families in order to promote 
health, participation, social inclusion, and security of older people and improve 
their QOL (Policies and priority interventions for healthy ageing – WHO/Europe, 
2012). The elderly individuals, of whom 60–75% are healthy, 20–30% suffer from 
chronic diseases, and 2–10% are “frail,” should benefit from health-related differen-
tiated and targeted measures applied in the different contexts in which they live. It 
is in this regard that this book, Rehabilitation Medicine for Elderly Patients, offers 
insight into the complex world of older persons in their different conditions (healthy, 
frail, diseased, or dying) in the specialty of physical medicine and rehabilitation 
(PM&R), approaching matters from a variety of viewpoints. It represents the per-
spective of some international leaders in the field based on both updated literature 
review (including the chapters about biomedical and experimental approaches) and 
their practical clinical applications to ensure high-quality standards to the book 
contents.

Rehabilitation Medicine for Elderly Patients is organized into three parts: Part I 
is general and deals with many issues of elderly people such as sarcopenia, frailty, 
exercise, nutrition, new technologies, therapeutic modalities, etc.
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Part II is on rehabilitation of the most commonly encountered diseases of seniors. 
Some innovative topics covered in this part are cognitive therapy, spinal lesions, 
sexual dysfunction rehabilitation, etc.

Part III is devoted to the description of different organizations of healthcare sys-
tem for the elderly in European countries.

Rehabilitation Medicine for Elderly Patients is a comprehensive educational 
tool, simple, easy to read, clear, and written in a structured way. The idea of writing 
this book came primarily to help junior doctors who are about to embark on their 
studies and PM&R residents in learning the basic concepts of rehabilitation of older 
adults. However, it can also help physiatrists in reviewing the main topics in the 
field of rehabilitation, general practitioners, and physicians of other specialties in 
assisting patients with disabling conditions solve their health problems.

This is the first edition of Rehabilitation Medicine for Elderly Patients. We are 
aware that, like all first attempts, the book has limitations. Nonetheless, we hope it 
can be appreciated and will contribute an important resource for training and educa-
tion in the field of PM&R of medical professionals and beyond.

Finally, we would like to thank all colleagues for their tireless efforts to complete 
on time their contributions to the book.

Padua, Italy Stefano Masiero, MD 
Venezia-Lido, Italy  Ugo Carraro, MD

Preface  
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1Physical Activity and Rehabilitation 
in Elderly

Walter R. Frontera

1.1  Aging Demographics

The World Health Organization has estimated that by the year 2050, the world’s 
population over 60 years will double from about 11% in 2015 to 22% [1, 2]. This 
means that there will be approximately two billion people aged 60 or older living on 
the planet. Of these, approximately 20% or 400 million will be 80 years or older. In 
the year 2015, Japan was the only country in the world with 30% or more of the 
population in the 60 years or older group. The WHO is projecting that by the year 
2050, more than 25 countries, including most countries in Europe, will have a popu-
lation distribution very similar to that of Japan. For example, the percentage of 
Italians older than 60 years will increase from approximately 20% in 2010 to approx-
imately 33% in the year 2050. This increase in the number of people in older age 
groups is associated with an increase in life expectancy. For example, in Japan, life 
expectancy at age 60 is 86 years and in at least 13 other countries life expectancy at 
age 60 is now 85 years (Table 1.1). Further, the number of centenarians is also 
increasing, and in several regions of the world, including Sardinia, Italy and Icaria, 
Greece, there are a disproportionately large number of people in this age group.
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The increase in the number of people in older age groups, per se, should not be 
considered a problem. However, aging is associated with an increased incidence of 
chronic health conditions and, perhaps more importantly, an increased prevalence of 
impairment and disability that may lead to a lower quality of life. Most of these 
impairments lead to a reduction in activity levels and restrict participation in personal, 
work-related, and social activities. One specific example is the age-associated loss of 
muscle mass and strength that is associated with a higher risk of falls and hospitaliza-
tion. As a consequence, it has been estimated that the number of older people requir-
ing rehabilitation and/or long-term care due to loss of functional independence will 
quadruple by 2050 [1]. The social, economic, and political implications of these 
demographic changes are enormous because, by 2050, 80% of older people will live 
in low- and middle-income countries. This is not a situation that governments should 
or could ignore and may require the reorganization of health care systems to accom-
modate the needs of this population. It is necessary to develop public and health poli-
cies that will address the needs of an aging society and for rehabilitation professionals 
to become an important part of the solution by generating new knowledge via research 
and educating others on the best strategy to address disability in society.

1.2  Functional Chang es in Elderly

A decline in physical function and significant increases in the risk for disability and 
dependence are typical of advanced adult age [3]. In humans, a number of age- 
related changes in various biological systems contribute to this decline including, but 
not limited to, decreases in muscle and bone mass, increases in body fat, loss of brain 
volume and cognitive capacity, loss of cardiovascular and pulmonary reserves, 
impaired visual and hearing function, sleeping disorders, anxiety and depression, 
and changes in dietary habits leading to mal-/undernutrition. Some of these changes 
are directly associated with lower levels of habitual physical activity. Further, pain 
associated with musculoskeletal disorders is frequently reported by older men and 
women and is associated with a reduction in their habitual level of physical activity.

Table 1.1 At 86 years, 
Japan’s life expectancy is the 
longest in the world followed 
by the 13 countries listed in 
the table with a life expec-
tancy of 85 years

Andorra
Australia
Canada
France
Israel
Italy
Luxembourg
Monaco
New Zealand
San Marino
Singapore
Spain
Switzerland

References [1] and [2]
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It is important to note that the prevalence of mobility limitations in elderly is high 
but it does not have to be considered a static condition. In other words, older people 
experience frequent changes in their level of independence transitioning between more 
functional to less functional states and vice versa. For example, several studies [4, 5] 
have shown that older men and women transition more frequently from intermittent to 
continuous mobility limitation than from no mobility limitation to intermittent mobil-
ity limitation. The dynamic nature of this condition is demonstrated by the fact that it 
is possible to recover mobility after being disabled for 3 months (40% recovery rate) 
or even for 6 months (30% recovery rate). These findings suggest that the road from 
impairment to activity limitation and restricted participation in elderly is a bidirec-
tional process. This is precisely why rehabilitation, as a health and functionally ori-
ented strategy, is so crucial to influence this process. Perhaps more importantly, the 
plastic nature of the process suggests specific opportunities to intervene, restore func-
tion, and recover independence [4–6]. The habitual level of physical activity, an 
increase in various types of physical activity including work-related and leisure activ-
ity, and more structured exercise training programs have been shown to be modifiers 
of this process.

A very important determinant of functionality and independence is skeletal 
muscle function. Muscle strength is a strong predictor of severe mobility limita-
tion, slow gait speed, increased fall risk, risk of hospitalization, and high mortality 
rate. For example, older adults with low muscle strength have a 2.6 fold greater 
risk of severe mobility limitation, 4.3 fold greater risk for slow gait speed, and a 
2.1 fold greater risk of mortality compared to older adults with high muscle 
strength [7]. The loss of muscle strength in elderly cannot be explained only by the 
characteristic presence of skeletal muscle wasting or atrophy. During the last two 
decades, several studies have shown that other factors such as changes in central 
nervous system drive and activation, peripheral nerve dysfunction, alterations in 
the structure and function of the neuromuscular junction, fat infiltration of muscle, 
and a number of complex cellular and molecular changes at the level of single 
muscle fibers and individual myofilaments such as myosin impair muscle force 
generation, velocity of movement, and power production [8]. It is interesting to 
note that the well-described loss of muscle strength in older men and women 
appears to be less in those that have maintained a higher level of physical activity 
throughout their lives [9, 10]. This is true even in the presence of obesity and high-
lights the importance of habitual physical activity in this process. Thus, it is rea-
sonable to suggest that different levels of reduced activity including a sedentary 
lifestyle, inactivity, and/or immobilization contribute to age-related changes and 
that these changes do not have to be considered inevitable consequences of the 
biological process of aging. It is interesting to note that sedentary behaviors such 
as driving a car and watching television are being considered independent risk fac-
tors equivalent to the more traditional ones such as cigarette smoking. Finally, 
scientific evidence suggests that interventions such as those including physical 
activity and appropriate nutritional support are safe and beneficial and can enhance 
the functional capacity of even very old frail people. (Sarcopenia will be discussed 
in another chapter of this book.)

1 Physical Activity and Rehabilitation in Elderly
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1.3  Physical Activity vs. Exercise

It should not come as a surprise that part of the solution to the functional decline 
and muscular dysfunction associated with advanced adult age is an increase in 
physical activity and/or exercise training. Many rehabilitation interventions are 
characterized by increases in one or the other and sometimes both. However, it is 
important to make a distinction between these two related but different concepts. 
For the purpose of this chapter, physical activity will be defined as any bodily 
movement produced by skeletal muscles that result in energy expenditure [11]. 
Furthermore, physical activity can be subdivided depending on associated charac-
teristics, for example, into household (e.g., gardening), leisure-time or recreational 
(e.g., walking), occupational (e.g., climbing stairs on the job), or sports-related 
activity (a game of soccer with friends on a Saturday afternoon). In many research 
studies however, all types of physical activity are combined into a single estimate 
of daily energy expenditure making the interpretation of the results more difficult. 
Exercise, on the other hand, will be considered as subset of physical activity that is 
planned, structured, and repetitive and has as an objective, the improvement or 
maintenance of physical fitness. This is the subtype of physical activity used in 
many rehabilitation programs and clinical intervention studies. Finally, fitness is a 
set of attributes that are health related (e.g., muscle strength, cardiorespiratory 
endurance, body composition, flexibility) or skill related (agility, balance, coordi-
nation) and can be measured with specific tests. One example of a health-related 
fitness test is the duration of exercise on a treadmill test. Physical fitness is an 
attribute influenced, but not entirely determined, by behaviors such as the level of 
physical activity and exercise training. The distinction between physical activity, 
exercise, and fitness, although not always clear and/or possible, is of practical 
value when evaluating the scientific literature on this topic. This brief review is 
more focused on physical activity while other chapters in this volume discuss exer-
cise in more detail.

1.4  Measuring Physical Activity

Some brief comments about assessing physical activity are needed here. The 
measurement of the level of physical activity in humans requires valid and reliable 
instruments that are simple enough to be used in epidemiological studies and at the 
same time flexible enough to be adjusted to the challenges of impaired mobility that 
is prevalent in older adults. One of the more traditional methods is the question-
naire. Many studies have used a set of standard questions that examine the type, 
frequency, intensity, and duration of physical activity in a certain period of time. 
The results can be used to estimate average daily energy expenditure. These self-
report instruments, although easy to administer and appropriate when a large num-
ber of individuals are included in a study, depend on the memory of the participant 
and can be subject to bias and influenced by the participant’s psychological status 
and the training of the interviewer (see reference [12] for review).

W.R. Frontera
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More objective measures of physical activity include double-labeled water 
 (considered by many as the gold standard to measure energy expenditure over time), 
metabolic chambers (expensive facilities that are available only in very few special-
ized research centers), and accelerometers (devices that measure acceleration and 
estimate total amount of activity). The latter have received significant attention 
because they are wearable (usually at the level of the waist), easy to use, and rela-
tively inexpensive, capture real-time data, can be used over multiple days (usually 
7 days), and have been validated in several research studies and in various popula-
tions including older adults [13]. Because of recent advances in this technology, it 
is likely that this measurement instrument will continue to be used in research, in 
the clinic, and by those individuals who monitor their daily activity.

1.5  The Importance of Physical Activity in the Prevention 
of Chronic Disease

During the last 60 years, a large number of scientific studies have evaluated the 
association between the level of physical activity (leisure time, occupational, total) 
and the incidence and prevalence of several chronic diseases. These studies are of 
particular relevance for the aging population because the incidence of these chronic 
noncommunicable diseases is high in older men and women and increases with age. 
Some of these diseases are associated with a high mortality rate particularly in older 
people. Furthermore, the level of leisure-time aerobic physical activity among indi-
viduals with chronic disease has been shown to be very low [14]. This is particularly 
true in patients with comorbidities or more than one chronic illness. Taken together, 
the main conclusion supported by these studies is that a high level of habitual physi-
cal activity significantly reduces the risk and incidence of many chronic noncom-
municable diseases.

The hypothesis that a higher level of daily physical activity of work is inversely 
related to coronary heart disease was tested for the first time by investigators in 
London, England [15]. Since that classical study by Morris and collaborators, hun-
dreds of other studies have confirmed that same hypothesis in various age groups 
and in several countries. Furthermore, the same hypothesis has been tested with 
similar results in various studies looking at other chronic conditions. Many studies, 
although not all, have included both, men and women, and people older than 
60 years of age. A higher level of physical activity has been shown to be associated 
with a reduction in the risk of developing heart disease, hypertension, obesity, type 
2 diabetes, osteoporosis, several forms of cancer (including colon, breast, lung, 
esophageal adenocarcinoma, liver, gastric cardia, head and neck, and other types of 
cancer) [16], sarcopenia, and sarcopenic obesity. It is important to note that these 
studies have controlled for the potential confounding influence of other risk factors 
such as body mass index, smoking status, alcohol intake, education, race, and sex.

Further, it is interesting to note that associations similar to the above have 
been reported between the incidence of some of these conditions and the level 
of physical fitness. Specific tests are used for each fitness attribute mentioned 
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above (see page 7). In most of the studies on the prevention of chronic illness, 
fitness has been defined as the duration of exercise in a treadmill test or meta-
bolic equivalent (MET level). In other words, a higher level of cardiorespiratory 
fitness is associated with a lower incidence of several chronic illnesses. Although 
the level of physical activity impacts cardiorespiratory fitness, other factors such 
as the genotype of the individual are considered independent determinants of 
fitness. Finally, some studies have shown a reduction in mortality associated 
with both lung and digestive cancers among individuals with high levels of car-
diorespiratory fitness. In most cases, the biological mechanism underlying these 
relationships is not understood, but it is important to know that activity and/or 
fitness can influence not only the incidence of a chronic condition but also its 
clinical outcome or mortality (Fig. 1.1).

One of the most devastating conditions associated with age is an increased inci-
dence of mental health problems such as depression and anxiety as well as a decline 
in cognitive function. It is fair to say that the consensus based on scientific research 
is that a high level of physical activity is positively associated with human well- 
being and good mental health. Epidemiological studies have shown that people that 
have a high level of habitual physical activity have lower levels of mild to moderate 
depression and anxiety. On the other hand, the prevalence of cognitive impairment 
in the general population increases with age. Again, high levels of habitual physical 
activity are associated with a reduced risk of cognitive decline, dementia, and 
Alzheimer’s disease in later life [17]. The strength of this association between phys-
ical activity and cognitive function is supported by both cross-sectional and longi-
tudinal studies. It appears that the underlying mechanism explaining this protective 
effect is vascular in nature and includes an increase in brain perfusion as well as the 
ability of cerebral blood vessels to respond to demand.

Increased levels of 
habitual daily physical 

activity 

Facilitate recovery from 
episodes of disability 

Reduce the risk of chronic non-
communicable illness

Reduce mortality from some 
chronic illnesses

Enhance physical, psychosocial, 
and cognitive well-being

Improve rehabilitation 
outcomes after hospitalization

Increase successful aging

Fig. 1.1 Increased levels of habitual physical activity is associated with positive health-related 
and functional outcomes
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1.6  Level of Regular Physical Activity in Older Men 
and Women

Notwithstanding the abundant evidence demonstrating that appropriate levels of 
physical activity contribute to the prevention of many disabling chronic illnesses in 
older people, most members of this age group in our society do not reach the levels of 
physical activity needed to obtain the health-related benefits associated with physical 
activity. For example, in the United States, the percent of adults engaging in leisure-
time physical activity decreases with age in both men and women [18]. In fact, only 
20–30% of men and 11–20% of women performed 30 min of light to moderate physi-
cal activity 5 times per week or 20 min of vigorous activity 3 times per week. As 
mentioned above, the presence of one or more chronic illness (such as arthritis, hyper-
tension, diabetes, obesity, stroke, and others) is associated with low levels of leisure-
time physical activity [14]. The participation in any leisure-time strengthening activity 
is even lower in older people ranging from 6 to 14% depending on the sex. It seems 
that those who need physical activity the most are less likely to engage in it. This situ-
ation is not limited to the United States as reports from the WHO show a high level of 
sedentary lifestyle in many countries. These and other observations suggest that we 
need to better understand those factors that motivate people to be physically active and 
design ways to change human behavior by enhancing adherence to a lifestyle that 
includes appropriate levels of physical activity (Fig. 1.2).

Fig. 1.2 Physical activity 
incorporated into our daily 
routine and encouraged by 
the presence of a bicycle 
lane (From: Centers for 
Disease Control and 
Prevention. Strategies to 
Prevent Obesity and Other 
Chronic Diseases: The 
CDC Guide to Strategies 
to Increase Physical 
Activity in the Community. 
Atlanta: US Department of 
Health and Human 
Services, 2011)
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1.7  Determinants of Levels of Physical Activity

The interest and ability of a person to engage in physical activity is determined by 
many factors. For example, the presence of medical conditions (controlled and 
uncontrolled) that limit mobility and endurance, symptoms such as musculoskeletal 
pain and general fatigue, the use of medications that may cause side effects such as 
dizziness or muscle dysfunction, and the presence of a permanent physical impair-
ment like the loss of a limb can limit a person’s capacity to perform physical activity 
and his/her motivation to be physically active. This is particularly true if the activity 
must be performed outdoors where the presence of uneven terrain, weather condi-
tions, and the fear of falling act as deterrents. Rehabilitation interventions must be 
designed with the goal of limiting the impact of these factors allowing a higher level 
of physical activity. Medical interventions as well as environmental modifications 
may be necessary. These can contribute to the maintenance of a higher functional 
capacity as these two factors, physical activity and function, relate to each other.

Other nonmedical factors that may enhance an individual’s level of physical 
activity include a high level of support and encouragement provided by family mem-
bers, the presence of friends and neighbors during the activity with whom they can 
interact socially, the absence of crime in the neighborhood, and the presence of a 
racially diverse population. In addition, environmental factors such as walkability of 
streets, access to parks and similar facilities, physical barriers such as inappropriate 
sidewalks and absence of bridges or elevated pathways, heavy traffic, and aesthetics 
such as the presence of attractive surroundings and nature have been shown to be 
important determinants of physical activity [19]. Finally, the use of assistive devices 
and products may significantly enhance an individual’s mobility (see the list of the 
top 50 products to be included in WHO’s Priority Assistive Products List in: http://
www.who.int/phi/implementation/assistive_technology/global_survey-apl/en/). 
More research is needed to understand how the use of these devices contributes to 
the type of energy expenditure and physical activity associated with desirable health 
outcomes.

1.8  Benefits of Increasing Physical Activity 
During Rehabilitation

Scientific research shows that older men are more susceptible to the negative effects 
of inactivity and deconditioning associated with bed rest than younger men [20]. 
For the purpose of this chapter, deconditioning is defined as the process by which 
inactivity or a sedentary lifestyle results in a reduction in physiological and func-
tional capacity or fitness. Older men and women lose more muscle mass and func-
tion after bed rest but also maintain their capacity to respond well to rehabilitation. 
In most, if not all, circumstances, the process of rehabilitation includes an increase 
in the daily level of physical activity. This process should begin very early after 
injury or the onset of an illness, a principle that applies to all ages but may be 
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particularly important in elderly. The increase in physical activity is needed even 
during a stay in a hospital-based intensive care unit because it contributes to increas-
ing early mobility, preventing complications, and enhancing functional outcomes. 
Indeed, the degree of mobility or walking as determined using accelerometry during 
hospitalization can be a good predictor of rehabilitation outcomes [21].

An increase in physical activity may also be recommended in persons living in 
institutions for long-term care who are not independent enough to function in a 
community setting. To minimize risks such as falls, this increase in daily physical 
activity must be supervised. Finally, many people living independently in their com-
munities may benefit from an increase in daily physical activity. Although these 
recommendations may include an exercise (see above definition of physical activity 
vs. exercise) training program, this is not a requirement. Encouraging persons to 
become engaged in more activities at home and in the community is a way to 
accomplish this goal. In general, all persons should accumulate a total of 150 min 
of moderate physical activity per week. Simple changes in their lifestyle such as 
participating in a gardening activity, climbing stairs more frequently, performing 
household duties, or walking to the grocery store instead of driving may be enough 
to achieve this goal.

A consistent observation across epidemiological studies is that the level of daily 
physical activity in the community is an independent factor that contributes to suc-
cessful aging [22]. This appears to be particularly true when high levels of physical 
activity are combined with a high quality diet like the Mediterranean diet. The geog-
raphy of a country may contribute to this because the level of daily physical activity 
is spontaneously higher in islanders compared to those who live in continental 
areas. It would be interesting to know if increasing the level of physical activity in 
an environment that encourages or facilitates physical activity can be a means of 
enhancing functional capacity.

1.9  Concluding Remarks

Physical activity, defined as any bodily movement resulting in energy expenditure, 
is an important determinant of functional capacity and health. This is particularly 
true in a growing segment of the population across the world, older men and 
women. The benefits of a high level of habitual and daily physical activity (gener-
ally defined as 150 min of moderate intensity activity per week) include the pre-
vention of many noncommunicable diseases and the reduction in mortality 
associated with several chronic illnesses. Furthermore, an increase in physi-
cal activity is an important component of most rehabilitation interventions. 
Rehabilitation professionals must work to remove barriers to physical activity and 
motivate individuals in any clinical service setting and in the community to change 
their behavior by increasing their level of physical activity. The benefits of such a 
change far outweigh the risks and will help us overcome the deleterious effects of 
a sedentary lifestyle, at any age!

1 Physical Activity and Rehabilitation in Elderly
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Key Points
• An increase in human life expectancy has characterized the last century.
• Aging is associated with reductions in physiological and functional capaci-

ties and quality of life.
• An increase in level of physical activity has been shown to increase func-

tional capacity, prevent many chronic noncommunicable diseases, and 
contribute to the rehabilitation of older persons after injury or illness.

• Behavioral and environmental strategies are needed to encourage the gen-
eral population to accumulate 150 min of moderate intensity physical 
activity every week.
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2Aging Brain and Neurological Changes

Håkon Ihle-Hansen and Hege Ihle-Hansen

Aging is inevitable, but aging well is not. Keeping the brain robust is an essential part 
of health.

2.1  Introduction

The aging process involves all the body’s cells and tissues but does not happen with 
equal speed in all tissues. Normal brain aging is characterized by a reduction in 
cognitive abilities, particularly in the domains of executive function, processing 
speed, and episodic memory. Both structural and functional changes in the central 
nerve system are linked to the decline, but it is still uncertain whether and how the 
cognitive decline is caused by the brain changes.

2.2  The Aging Brain: Structural Changes in Normal Aging

2.2.1  Basic Anatomy

To understand and predict the age-specific changes in an aging brain, it is important 
to know the principle and structure of the brain. The central nerve system (CNS), 
the spinal cord and the brain, are divided into gray and white matter. In the gray 
matter, we mostly find the cell bodies of the neurons, while the white matter consists 
of long myelinated axons.

The CNS’s main task is to convey signals. The neurons build large complex cir-
cuits with each other. Neurons are contacted and communicate with each other 
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through synapses, a chemical transmission, in which a signal is transferred to the 
next cell in the signal path. It is believed that our intelligence, memory, emotions, 
and behavior are stored and regulated through activity and interplay in these com-
plex circuits. A modern conception views the function of the nervous system partly 
in terms of stimulus-response chains and partly in terms of intrinsically generated 
activity patterns, meaning spontaneous cell-generated activity.

The neurons are electrically excitable cells consisting of soma and neurites (one 
axon and dendrites). Neuron geometry is associated with functions: number of syn-
apse, signal patterns, location remove and pattern of connection (Fig. 2.1).

Most neurons send signals via their axons, although some of them are capable of 
dendrite-to-dendrite communication.

2.2.2  Basic Physiology

The cell communicates through the action potential (AP). Prerequisite to develop an 
action potential are ion channels, a lipid bilayer and a potential across the mem-
brane. Action potentials are generated by voltage-gated ion channels embedded in 
the membrane. These channels are shut when the membrane potential is near the 
membrane potential of the cell, but they rapidly begin to open if the membrane 
potential increases to a precisely defined threshold value. The shift in membrane 
polarity leads aging to inactivity in the ion channels. This is the start of the repolar-
ization phase, ending with the cell again assuming its steady-state condition. The 
AP propagates along the neuron’s axon toward its ends and thereby connects with 
other neuronal synapses, motor cells or glands.

As the AP reached the axonal end, the electrical potential is transformed into 
chemical signals. This happens in the synapse. The AP leads to release of neu-
rotransmitters, which are stored in presynaptic vesicles, into the synaptic cleft. Then 
the neurotransmitters diffuse to the postsynaptic membrane (on the dendrite), bind 
to a receptor, and induce a signal that can be excited or inhibited. In other words, 
synaptic inputs to a neuron cause the membrane to depolarize or hyperpolarize.

A chemical synaptic transmission provides flexibility and provides the opportu-
nity to a wide range of chemical transmitters and receptors in a single synapse.

Anatomic part Function
Soma Cell body of a neuron

Any process extending from the body of a neuron

A neurite, that often project to another region.
Specialized to conduct axons potential. A neuron
has in general one axon, which again can have a
lot of branches
A local neurite. The number of dendrite
correlates with the input. Primary function
receiving axonal input. 

Neurite

Axon

Dendrite

Fig. 2.1 Anatomic parts of the neuron and their function
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Formation of the synapses and the plasticity of the synapses changes over time 
and during the normal aging. Biochemical changes seem to play an important role 
in the aging brain. Alteration in syntheses and turnover of neurotransmitters has 
been observed. The reduction of dopamine synthesis and dopamine receptors has 
been linked to motility disturbance and change in cognitive flexibility. Alterations in 
calcium regulation, glutamate, and serotonin are also described. Calcium plays an 
important role in neuronal firing and propagation of AP. Glutamate is an excitatory 
neurotransmitter, and it is a documented age-related decrease, especially in the pari-
etal gray matter and basal ganglia. Interconnections of neuronal network are 
involved in human cognition and mental life and are thought to represent a cognitive 
reserve. The neuronal degeneration is part of the normal aging process.

2.2.3  Synaptic Plasticity

Through learning we can build, strengthen, or remodel the circuits. This leads to 
structural and biochemical changes, as a response to increase or decrease in their 
activity, with the development of new synapses and up- and downregulations of 
neurotransmitters, receptors, and ion channels.

Synapses are capable of forming memory traces by means of long-lasting 
increase in signal transmission between two neurons—a change in synaptic 
strength. One of the most interesting and studied forms of neural memory is the 
long-term potentiation, which was first described back in 1973, but is still not fully 
understood. The phenomenon is characterized by the fact that the neurotransmitter 
glutamate acts on a special type of receptor known as the NMDA receptor. The 
NMDA receptor has an “associative” property: if the two cells involved in the syn-
apse are both activated at approximately the same time, a channel opens that per-
mits calcium to flow into the target cell. A second messenger induces a cascade 
that ultimately leads to an increase in the number of glutamate receptors on the 
target cell, thereby increasing the effective strength of the synapse. This change in 
strength can last for weeks.

2.2.4  Structural Changes

The reason why the brain atrophies or shrinks in size with age is not completely 
understood.

It is assumed that normal healthy aging is associated with numerous structural, 
chemical, gene expression and functional changes. Downregulation and genetic and 
environmental factors are central concepts, and there is a thin line between normal 
aging and pathology. Over the past decade, the introduction of new radiological 
modalities has made it possible to measure brain volume and in some part brain 
activity in healthy aging individuals. Gray matter as well as white matter volume 
decreases with age. Some regions are especially vulnerable to gray matter loss, such 
as insula and superior parietal gyri. On the other hand, some regions are spared to 
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this decrease in gray matter, such as the occipital cortex surrounding the calcarine 
sulcus and the cingulate gyrus. The decrease in volume is assumed not to be driven 
by loss of neurons or cell death, but through a decrease in spine density and synaptic 
alterations.

Age-related cognitive decline varies among older persons. Factors involved in 
this variability include genetics, education, occupational engagement, comorbidi-
ties and co-medications. In addition, lifestyle factors like nutrition, smoking, alco-
hol use, and physical activity and vascular risk factor have an impact on this decline.

Amyloid plaques, which are linked to Alzheimer’s disease (AD), are supposed 
not to be found in a healthy brain. On the contrary, neurofibrillary tangles may be 
present in some regions and part of a normal aging process. The number of tangles 
in a cell is relatively low in a healthy brain and only located in amygdala, entorhinal 
cortex, the olfactory nucleus and parahippocampal gyrus. Findings of tangles in 
other specific locations may however indicate pathology.

DNA damage accumulates with age, leading to reduced expression of genes that 
are involved in learning, memory, and behavioral pattern. DNA damage is partly 
induced by oxidative stress, also linked to mitochondrial dysfunction. Environmental 
and lifestyle factors lead to vascular changes with potential disturbance in the cere-
bral blood flood and blood-brain barrier.

2.2.5  Neuroplasticity

The brain is a dynamic organ that has a natural ability to adapt and change with time, 
called brain plasticity or neuroplasticity. Even after a CNS injury, the brain changes 
by setting up new connections and paths between neurons, building new and strength-
ening existing circuits. We now know that the brain can create new neurons in some 
parts of the brain, although the extent and purpose of this is still uncertain.

Plasticity of the brain occurs at every stage of development throughout the life 
cycle. Plasticity is more likely to occur when there is stimulation of the neural sys-
tem, meaning that the brain must be active to adapt. Development of new neuronal 
network through exposure to a stimulating environment leads to structural changes 
and improved skills. These changes do not occur quickly; the recovery goes on for 
months and sometimes years.

Education, occupation and cognitive activity have been found to be associated 
with higher cognitive performance and delay of cognitive impairments. A lifetime 
intellectual enrichment is thought to represent a preventive intervention for cogni-
tive decline and dementia. By keeping the cognitive activity constant throughout the 
lifespan, we may protect the brain and delay the onset of cognitive impairments for 
5 years! Specific training is linked to both faster response and general cognitive 
improvement.

There is a growing body of evidence regarding the benefit of exercise in terms of 
neuroplasticity and the ability of the brain to self-repair. In particular, goal-based 
exercises and aerobic exercises increase synaptic strength (increasing neurotrans-
mission, receptor density, and dendritic spine formation) and improve brain health 
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by increasing trophic factors, blood flow, immune system, neurogenesis, and metab-
olism. Therefore, the strengthening of the circuitry of basal ganglia, cortex, thala-
mus, cerebellum and brainstem results in improved motor and cognitive behavior, 
mood and motivation.

2.3  The Aging Brain: Functional Changes

2.3.1  Cognitive Decline

The decline in cognitive function is thought to begin around the age of 50. Age- 
related reductions in brain volume are approximately 0.5% every year and may start 
even earlier. Temporal and frontal lobes seem to be more vulnerable and have some 
higher degree of changes, but the clinical impact of these changes is not known. In 
addition, it seems like the rate of atrophy may increase in older age.

Aerobic exercise may promote neuroplasticity and slow the progression of age- 
related neural changes. Structured exercise has been shown to improve attention, 
executive function, psychomotor speed and episodic memory. Sleep is of benefit for 
the brain, where it seems like a good night’s sleep helps to clear the brain.

2.3.2  Dementia Is Not Part of the Normal Aging

Alzheimer’s disease (AD) is considered to be a disease and not part of the normal 
aging. Dementia due to AD is expected to become much more prevalent in the years 
to come. AD is characterized by an accumulation of protein waste products including 
amyloid that triggers inflammation that over several years leads to a loss of brain 
cells. A number of cascade interactions are thought to cause neuron loss where mito-
chondrial dysfunction or altered energy supply contribute to the neurodegeneration.

There is no cure for AD today, so we have to focus on early detection and preven-
tion. Cardiovascular disease is known to be a risk factor for dementia and cognitive 
decline, and targeting vascular risk factors may preserve brain health. Especially 
midlife elevations in blood pressure have been shown to predict dementia later in 
the life span. Hypertension is associated with both cognitive decline and structural 
brain changes like atrophy and degraded white matter connectivity. Carriers of 
APOEε4 allele with additional cardiovascular disease seem to have higher risk for 
cognitive decline than those without.

2.4  Conclusions

2.4.1  Preserve Brain Health!

The process of aging is inevitable, but with a healthy way of life, it may be possi-
ble to delay the process. Evidence points out education, intellectually activity, 
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cardiovascular risk control, physical activity, healthy environment, and social activ-
ity as key elements to preserve brain health.

Key Points
• Through normal aging there is a reduction in cognitive abilities, particu-

larly in the domains of executive function, processing speed, and episodic 
memory.

• The brain is adaptive and impressionable throughout life.
• Intellectual enrichment prevents cognitive decline.
• Physical exercise and a healthy way of life may promote neuroplasticity.
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3Age-Related Changes in Body 
Composition and Energy Metabolism

G. Sergi, C. Trevisan, B.M. Zanforlini, N. Veronese, 
and E. Manzato

3.1  Introduction

In the geriatric population, rehabilitation care is important in preventing or 
 limiting mobility impairment and loss of self-sufficiency, which raise the risk of 
comorbidities, frailty, and mortality [1]. The exercise workload to adopt in reha-
bilitation programs needs to be adapted to each patient’s characteristics and to 
the physiological, age-related changes in their body composition and energy 
metabolism, as illustrated in Fig. 3.1. The musculoskeletal changes generally 
seen in old age concern fat-free mass, fat mass, and bone mass, with a gradual 
loss of muscle bulk and strength, a gain and redistribution of adipose tissue, and 
the onset of joint stiffness and declining bone mineral density [2]. Among the 
multiple factors influencing these changes, endocrine, immunological, and 
inflammatory mediators have a fundamental role: together with the age-related 
decline in cardiovascular and pulmonary performance, they give rise to signifi-
cant changes in energy metabolism and particularly in resting metabolic rate and 
maximal aerobic capacity. This chapter briefly describes the main physiological 
age-related changes in body composition and energy metabolism to consider 
when dealing with elderly people, with a view to providing physicians with the 
information needed to adapt the load of any rehabilitation programs to the real 
functional capacity of geriatric patients.
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3.2  Body Composition and Aging

Physiological changes in body composition may influence physical performance 
in older age. Lean mass, and appendicular muscle mass in particular, undergoes 
quantitative and qualitative changes with aging. The reduction in skeletal muscle 
mass has been estimated at 8% every 10 years between 40 and 70 years of age, 
after which this phenomenon seems to speed up, with a loss of 15% or more per 
decade [2, 3]. This ultimately gives rise to a roughly 40% difference in muscle 
volume between individuals 20 and 60 years of age [4]. Some of the factors that 
may influence these changes include an inadequate dietary protein intake, oxida-
tive stress, vitamin D deficiency, hormonal dysregulation (with low levels of GH, 
IGF-1, and androgens), and inflammatory states [5, 6]. The loss of muscle mass 
particularly concerns the fast-twitch glycolytic muscle fibers (type IIb), which 
may be lost or partially replaced by slow-twitch muscle fibers (type I). This con-
version affects the muscle’s energy metabolism and physical performance 
because type II fibers are involved in short exercises demanding power and speed, 
not in long-endurance activities [7]. To describe the age-related reduction in 
muscle mass and the associated decline in muscle function, Rosenberg coined 
the term “sarcopenia,” a condition characterized by a progressive mobility 
impairment and loss of physical performance [8]. Like lean mass, fat also under-
goes peculiar physiological changes with aging. The proportion of adipose tissue 
tends to increase in older people, who reported 10% more body fat than younger 
people [9]. Older people’s fat mass tends to deposit mainly in the visceral 

FAT-FREE
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Physical activity

Aging
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AEROBIC
CAPACITY

FAT MASS

Fig. 3.1 Age-related changes in body composition and energy metabolism
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compartment, generating hormonal and inflammatory pathways associated with 
negative metabolic and cardiovascular outcomes, and thus limiting their endur-
ance and physical performance [10]. In older age, adipose tissue also tends to 
infiltrate the muscle fibers, thereby accelerating muscle loss through encum-
brance and lipotoxicity mechanisms [11]. Estimating changes in fat and lean 
mass with such noninvasive methods such as dual X-ray absorptiometry and bio-
electrical impedance analysis [12, 13] thus represents the first step when plan-
ning tailored rehabilitation programs.

3.3  Changes in Resting Energy Rate

The resting metabolic rate (RMR) represents the energy needed to maintain basic 
body functions in a state of rest. Using a calorimetric method, it has been estimated 
at around 50–65% of the total daily energy expenditure. The RMR gradually 
decreases with aging, due mainly to changes in body composition (and especially 
the reduction in fat-free mass) but also to changes in tissue energy metabolism 
[14]. Skeletal muscle metabolism, in particular, has been recognized as one of the 
most relevant factors influencing the RMR [15]. However, regardless of the impact 
of body composition on the RMR decline over time, the effect of aging per se as a 
factor capable of influencing the RMR has been confirmed by several studies [14, 
16], which identified a 4.6% lower RMR in the middle-aged than in younger adults, 
irrespective of body size, body composition, and physical activity [16]. Moreover, 
other factors can contribute to influencing resting energy expenditure in older peo-
ple, as well as age and the proportion of lean mass. Patients undergoing rehabilita-
tion, in fact, often suffer from various comorbidities and have a history of 
neurohormonal dysregulation, fasting, mobility problems and body temperature 
alterations—all variables that may affect their RMR. These factors therefore need 
to be considered before initiating any rehabilitation programs. The potential effect 
of physical exercise in increasing an individual’s RMR and daily energy require-
ment must be considered too, in order to ensure an adequate energy intake for 
patients under rehabilitation.

3.4  Maximal Aerobic Capacity and Metabolic Equivalent 
in Aging

The maximal aerobic capacity (VO2max) is the highest rate of oxygen uptake and 
distribution to the peripheral tissue that a cardiorespiratory system can cope with 
during exercise, beyond which there is no increase even if more effort is made. 
Like the RMR, VO2max values may be influenced by numerous factors, includ-
ing age, gender, body composition, and training. Aging has a strong impact on 
VO2max, which can decline by 10% per decade beyond the age of 50 years [17], 
depending on cardiopulmonary fitness and exercising behavior but also due to 
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age-related changes in skeletal muscle mass, with the related loss of muscle 
fibers and decline in oxidative function [18]. A more standardized index of car-
diopulmonary performance has been introduced to express individual tolerance 
of physical activity for clinical purposes, namely, metabolic equivalents (METs), 
defined as the ratio between the work metabolic rate and the RMR. Under maxi-
mal workload, this measure expresses how many times an individual’s energy 
metabolism could be increased to cover the body’s needs in maximal effort. 
While younger adults achieve METs of around 11, elderly people generally reach 
values of 6–8 METs, compatible with a moderate physical activity level [19]. 
The decrease in METs in maximal effort begins from the age of 40 years and is 
accelerated by certain subclinical conditions or a sedentary lifestyle [20]. 
Although measuring METs in older people fails to take age- related changes in 
body composition and energy metabolism into account [19], their use can facili-
tate the estimation of an individual’s tolerance of exercise and cardiorespiratory 
reserves. A low capacity for exercise, judging from a low METs count in maxi-
mal oxygen uptake, is a significant predictor of cardiovascular disease and mor-
tality, with each increase of 1 METs corresponding to a 10% lower mortality risk 
[21]. Aerobic capacity is therefore another factor to consider when planning safe 
rehabilitation programs for older people.

3.5  Approaches to Rehabilitation for Elderly Patients

Age-related changes in body composition and energy metabolism need to be taken 
into account when planning rehabilitation programs for older people. Patients 
needing rehabilitation have often suffered from medical conditions that may have 
exacerbated the age-related reduction in their metabolic performance and acceler-
ated the functional decline of skeletal muscle mass. Such physiological and patho-
logical changes mainly affect the individual’s maximal aerobic capacity, giving 
rise to a lower exercise tolerance. This decline can be countered, however, by reha-
bilitation aiming to improve older patient’s physical performance, which often 
leads to an increase in their energy needs. Estimating body composition and maxi-
mal aerobic capacity could therefore represent fundamental steps in the design of 
rehabilitation programs tailored to each patient’s characteristics.

Key Points
• Rehabilitation programs in advanced age have to consider the physiologi-

cal modifications in body composition and energy metabolism.
• Older people tend to present reduced skeletal muscle mass and increased 

adipose tissue.
• Resting metabolic rate and maximal aerobic capacity gradually decrease 

with aging.

G. Sergi et al.



25

References

 1. Metter EJ, Talbot LA, Schrager M, Conwit R (2002) Skeletal muscle strength as a predictor of 
all-cause mortality in healthy men. J Gerontol A Biol Sci Med Sci 57:B359–B365

 2. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV et al (2006) The 
loss of skeletal muscle strength, mass, and quality in older adults: the health, aging and body 
composition study. J Gerontol A Biol Sci Med Sci 61:1059–1064

 3. Grimby G, Saltin B (1983) The ageing muscle. Clin Physiol 3:209–218
 4. Porter MM, Vandervoort AA, Lexell J (1995) Aging of human muscle: structure, function and 

adaptability. Scand J Med Sci Sports 5:129–142
 5. Morley JE (2012) Sarcopenia in the elderly. Fam Pract 29(Suppl 1):i44–i48. doi:10.1093/

fampra/cmr063
 6. Brüünsgaard H, Pedersen BK (2003) Age-related inflammatory cytokines and disease. 

Immunol Allergy Clin N Am 23:15–39
 7. Toji H, Kaneko M (2007) Effects of aging on force, velocity, and power in the elbow flexors of 

males. J Physiol Anthropol 26:587–592
 8. Rosenberg IH, Roubenoff R (1995) Stalking sarcopenia. Ann Intern Med 123:727–728
 9. Coin A, Sergi G, Minicuci N, Giannini S, Barbiero E, Manzato E et al (2008) Fat-free mass 

and fat mass reference values by dual-energy X-ray absorptiometry (DEXA) in a 20–80 year-
old Italian population. Clin Nutr 27:87–94. doi:10.1016/j.clnu.2007.10.008

 10. Riechman SE, Schoen RE, Weissfeld JL, Thaete FL, Kriska AM (2002) Association of physi-
cal activity and visceral adipose tissue in older women and men. Obes Res 10:1065–1073. 
doi:10.1038/oby.2002.144

 11. Goodpaster BH, Carlson CL, Visser M, Kelley DE, Scherzinger A, Harris TB et al (2001) 
Attenuation of skeletal muscle and strength in the elderly: the Health ABC Study. J Appl 
Physiol 90:2157–2165

 12. Saragat B, Buffa R, Mereu E, De Rui M, Coin A, Sergi G et al (2014) Specific bioelectrical 
impedance vector reference values for assessing body composition in the Italian elderly. Exp 
Gerontol 50:52–56. doi:10.1016/j.exger.2013.11.016

 13. Haarbo J, Gotfredsen A, Hassager C, Christiansen C (1991) Validation of body composition 
by dual energy X-ray absorptiometry (DEXA). Clin Physiol 11:331–341

 14. Fukagawa NK, Bandini LG, Young JB (1990) Effect of age on body composition and resting 
metabolic rate. Am J Phys 259:E233–E238

 15. Zurlo F, Larson K, Bogardus C, Ravussin E (1990) Skeletal muscle metabolism is a major deter-
minant of resting energy expenditure. J Clin Invest 86:1423–1427. doi:10.1172/JCI114857

 16. Klausen B, Toubro S, Astrup A (1997) Age and sex effects on energy expenditure. Am J Clin 
Nutr 65:895–907

 17. Pimentel AE, Gentile CL, Tanaka H, Seals DR, Gates PE (2003) Greater rate of decline in 
maximal aerobic capacity with age in endurance-trained than in sedentary men. J Appl Physiol 
94:2406–2413. doi:10.1152/japplphysiol.00774.2002

 18. Jackson AS, Beard EF, Wier LT, Ross RM, Stuteville JE, Blair SN (1995) Changes in aerobic 
power of men, ages 25–70 yr. Med Sci Sports Exerc 27:113–120

 19. Sergi G, Coin A, Sarti S, Perissinotto E, Peloso M, Mulone S et al (2010) Resting VO2, maxi-
mal VO2 and metabolic equivalents in free-living healthy elderly women. Clin Nutr 29:84–88. 
doi:10.1016/j.clnu.2009.07.010

 20. Morris CK, Myers J, Froelicher VF, Kawaguchi T, Ueshima K, Hideg A (1993) Nomogram 
based on metabolic equivalents and age for assessing aerobic exercise capacity in men. J Am 
Coll Cardiol 22:175–182

 21. McAuley P, Myers J, Abella J, Froelicher V (2006) Evaluation of a specific activity question-
naire to predict mortality in men referred for exercise testing. Am Heart J 151:890.e1–890.e7. 
doi:10.1016/j.ahj.2005.09.017

3 Age-Related Changes in Body Composition and Energy Metabolism

http://dx.doi.org/10.1093/fampra/cmr063
http://dx.doi.org/10.1093/fampra/cmr063
http://dx.doi.org/10.1016/j.clnu.2007.10.008
http://dx.doi.org/10.1038/oby.2002.144
http://dx.doi.org/10.1016/j.exger.2013.11.016
http://dx.doi.org/10.1172/JCI114857
http://dx.doi.org/10.1152/japplphysiol.00774.2002
http://dx.doi.org/10.1016/j.clnu.2009.07.010
http://dx.doi.org/10.1016/j.ahj.2005.09.017


27© Springer International Publishing AG 2018
S. Masiero, U. Carraro (eds.), Rehabilitation Medicine for Elderly Patients, 
Practical Issues in Geriatrics, DOI 10.1007/978-3-319-57406-6_4

M. Invernizzi, MD, PhD • A. Baricich, MD • C. Cisari, MD, PhD (*) 
Physical and Rehabilitative Medicine, Department of Health Sciences, University of Eastern 
Piedmont “A. Avogadro”, Novara, Italy
e-mail: marco.invernizzi@med.uniupo.it; cisari50@gmail.com

4Sarcopenia and Aging

Marco Invernizzi, Alessio Baricich, and Carlo Cisari

4.1  Aging

Aging is a physiological time-dependent process, resulting in a decline in organ 
function that can in the last lead to death. Changes in environment, nutrition, and 
medical care have extended the expected survival age for humans; thus, it has 
become crucial to understand the mechanisms and consequences of age. Research 
has recently gained crucial insight into the processes and underlying molecular 
mechanisms of aging. Lastly, a strong correlation between aging and common 
chronic diseases like cardiovascular disorders, cancer, diabetes, and neurodegenera-
tive pathologies has been clearly demonstrated.

Several mechanisms have been proposed to explain the complexity of the aging 
process. Recently they have been grouped in seven pillars of age-related research and 
nine hallmarks of aging, mostly connected between each other. They resume the most 
important pathophysiological mechanisms underlying this complex condition [1].

These nine hallmarks of aging are the following: genomic instability, telomere 
attrition, epigenetic alterations, loss of proteostasis, deregulated nutrient sensing, 
mitochondrial dysfunction, cellular senescence, stem cell exhaustion, and altered 
intercellular communication. Notably, they can be grouped into three main cate-
gories: the primary hallmarks that cause damage to cellular functions, antagonis-
tic hallmarks in the response to such damage, and, finally, integrative hallmarks 
that are the result of clinical phenotype, which ultimately contribute to the clinical 
effects of aging as seen in physiological loss of reserve, organ decline, and reduced 
function [1].
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4.2  Sarcopenia: Definition, Etiology, and Staging

In the last 20 years, there has been a growing clinical and scientific interest in the 
role of disability related to the loss of muscle mass and strength in the elderly. In 
1989, Irwin Rosenberg proposed the term “sarcopenia” (Greek “sarx” or 
flesh + “penia” or loss) to describe this age-related decrease in muscle mass [1, 2]. 
Sarcopenia has since been defined as the loss of skeletal muscle mass and strength 
that occurs with advancing age [3]. However, a widely accepted definition of sarco-
penia suitable for use in research and clinical practice is still lacking, and only 
recently a consensus paper of the European Working Group on Sarcopenia in Older 
People defined Sarcopenia as “a decrease in muscle mass and function (strength and 
mobility)” [4]. This syndrome is characterized by a progressive and generalized loss 
of skeletal muscle mass and strength with a risk of adverse outcomes such as physi-
cal disability, poor quality of life, and death [5, 6]. Mentioning only muscle mass is 
not sufficient and may limit the real clinical value of this definition. Thus, both low 
muscle mass and function are fundamental criteria for sarcopenia diagnosis mainly 
because of the nonlinear relationship between muscle mass and strength [6].

Because of the different etiologies and due to the fact that in some individuals a 
clear and single cause cannot be identified, it has been proposed to divide sarcope-
nia in primary (or age related), when no other cause is evident but ageing itself, and 
secondary when one or more other causes are evident. A similar approach has been 
used to define the stages of sarcopenia, reflecting its severity, so as to provide a bet-
ter clinical management of this condition. Several classes of sarcopenia have been 
proposed, ranging from pre-sarcopenia, characterized by low muscle mass without 
impact on muscle strength or physical performance, to sarcopenia, characterized by 
low muscle mass, in addition to low muscle strength or low physical performance, 
up to severe sarcopenia (low muscle mass, low muscle strength, and low physical 
performance). Staging is a helpful tool not only to define better treatment strategies 
and outcomes but also in research study design [4, 7].

In Table 4.1, the main sarcopenia definitions and diagnostic criteria are resumed.

4.3  The Pathophysiology of Sarcopenia

The skeletal and the muscular systems are tightly intertwined, and bone fragility is 
known to depend on several pathogenetic mechanisms leading to bone mass loss 
and reduction of bone strength, a condition widely known as osteoporosis. 
Interestingly, the degenerative processes leading to osteoporosis and sarcopenia 
show many common pathogenic pathways. Aging skeletal muscle tissue undergoes 
some important structural and functional modifications regarding mass, viscoelastic 
properties, fiber-type expression, and innervation. All these modifications lead to 
the pathogenesis of the sarcopenic state, which is complex and multifactorial. 
Alongside with external factors such as nutritional status and lower mobility, there 
are internal factors such as endocrine function, variation in the rate of apoptosis, 
micro-injuries, variability in recovery, and mitochondrial dysfunction sustaining the 
development of sarcopenia [2, 3].
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The main mechanisms underlying sarcopenia are resumed as follows:

• Muscle cross sectional area (CSA) reduction: loss of both slow and fast motor 
units, with an accelerated loss of fast motor units.

• Myosteatosis
• Muscle denervation due to age-related neurodegenerative processes, in particu-

lar reduction of spinal alpha motor neurons, peripheral nerve fibers and altera-
tions of their myelin sheaths, neuromuscular junctions, and synaptic vesicles.

Table 4.1 Summary of sarcopenia definitions and diagnostic criteria

Organization Definition

Diagnostic criteria 
to identify muscle 
mass loss

Diagnostic criteria to 
characterize functional 
status

Sarcopenia Working 
Group of the 
European Union 
Geriatric Medicine 
Society

“Sarcopenia is a 
syndrome 
characterized by 
progressive and 
generalized loss of 
skeletal muscle mass 
and strength with a 
risk of adverse 
outcomes such as 
physical disability 
poor quality of life 
and death”

MM measured by 
CT, MRI, DXA, 
BIA, or total body 
potassium counting 
using appropriate 
cut points [4]

Poor hand grip strength, 
knee flection/extension, or 
peak expiratory flow
Low physical performance 
identified by the impaired 
short physical performance 
battery or gait speed or 
TUG or stair climb power 
test

European Society 
of Parenteral and 
Enteral Nutrition 
Clinician Nutrition 
and Metabolism 
Special Interest 
Group

“Sarcopenia is a 
condition 
characterized by loss 
of muscle mass and 
muscle strength”

% of MM 
measured via BIA, 
at least 2 SDs 
below mean for 
sex- and race- 
matched adults 
aged 18–39 years

Low physical performance 
defined as gait speed 
<0.8 m/s during a 4-min 
walking test

International 
Working Group on 
Sarcopenia

“Sarcopenia is the 
age-associated loss of 
skeletal muscle mass 
and function”

Low appendicular 
MM corrected for 
height defined as 
≤7.23 kg/m2 in 
men and ≤5.67 kg/
m2 in women, 
measured via DXA

Low physical performance 
defined as gait speed <1 m/s 
during a 4-m walking test

Society of 
Sarcopenia 
Cachexia and 
Wasting Disorders

“Sarcopenia with 
limited mobility”

Low appendicular 
MM corrected for 
height defined as at 
least 2 SDs below 
mean for sex- and 
race-matched 
adults aged 20–30 
years

Low physical performance 
defined as gait speed <1 m/s 
or walking distance <400 m 
during a 6-min walk

Adapted from Peterson et al. [7]
CT computed tomography, MRI magnetic resonance imaging, MM muscle mass, DXA dual energy 
X-ray absorptiometry, BIA bioelectrical impedance analysis, TUG timed get-up-and-go test, SD 
standard deviation
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• Increased protein degradation/decreased protein synthesis. Inflammatory cyto-
kines (IL-6 and TNF-alpha) and endocrine factors (GH and IGF-I) are strictly 
involved in this process.

• Increased oxidative damage altering and damaging cell components, particularly 
mitochondria and DNA sequences.

• Reduced tissue regeneration due to myogenic regulatory factors (MRF) nega-
tively influencing satellite cells activity [3].

4.4  Sarcopenia Assessment

In order to evaluate and define sarcopenia, skeletal muscle mass and its function 
should be objectively quantified. The two measurable variables are skeletal muscle 
mass and strength; however the challenge is to determine how best to measure them 
in an accurate and consistent way. Below, the main techniques to assess muscle 
mass and strength will be briefly described. Cost, availability, and ease of use can 
determine whether the techniques are better suited to clinical practice or for research 
purposes [4].

4.4.1  Muscle Mass

• Computed tomography (CT) and magnetic resonance imaging (MRI). They are 
considered the gold standards for estimating muscle mass in research because of 
their precision in discriminating fat and other soft tissues. However, because of 
the high cost and limited access, their use is highly limited in routine clinical 
practice.

• Dual energy X-ray absorptiometry (DXA). DXA is a whole-body scan, mainly 
used for bone mineral density evaluation but able to assess also lean muscle 
mass. DXA exposes the patient to minimal radiation and is the preferred alterna-
tive method to CT and MRI for research and clinical use.

• Bioimpedance analysis (BIA). BIA estimates the volume of fat and lean body 
mass. BIA is inexpensive, easy to use, readily reproducible, and appropriate for 
both ambulatory and bedridden patients. Moreover BIA results have a good cor-
relation with MRI; thus, BIA might be a good portable alternative to DXA and 
CT and MRI.

• Anthropometric measures. They are used mainly in ambulatory setting, calculat-
ing mid-upper arm circumference and skinfold thickness, to assess muscle mass. 
However they are not recommended for sarcopenia diagnosis because of their 
low reproducibility [4].

4.4.2  Muscle Strength

• Handgrip strength. It has a stronger predictive power on outcomes, disability, 
and ADL than muscle mass evaluation, being strongly related to lower limb 
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muscle power and calf CSA. Thus, it is a good simple measure of muscle strength 
being recommended for both research and clinical purposes.

• Knee flexion/extension. Knee flexion techniques are suitable for research pur-
poses; however their use in clinical practice is limited by the need for special 
equipment.

• Peak expiratory flow (PEF). It measures the strength of respiratory muscles. 
Although it is a cheap, simple, and widely accessible technique, it cannot be 
recommended as an isolated measure to determine sarcopenia [4].

4.5  Sarcopenia: Epidemiology and Outcomes

The prevalence of sarcopenia is reported as 5–13% in the population aged 60–70, 
reaching 11–50% in people aged more than 80. Considering the rise in the number 
of people worldwide aged more than 60 (up to 2 billion in 2050), even with a 
conservative estimate of prevalence, sarcopenia will affect more than 200 million 
in the next 40 years [4]. As previously described, sarcopenia determines func-
tional and phenotypic modifications resulting in loss of muscle mass and strength. 
The increased risks of mobility loss and injury resulting from loss of muscle mass 
and strength are part of a vicious cycle which is amplified with age, leading to 
reduced autonomy, falls, fractures, and consequent disability [4, 7]. In 2000, US 
healthcare costs directly attributed to sarcopenia were estimated $18.5 billion, 
mainly related to decreased functional status, autonomy [8], falls increase [5], 
disability [9], and mortality [7, 10]. Moreover, in the clinical setting, sarcopenic 
patients suffer from greater infectious complications, prolonged duration of 
mechanical ventilation, longer hospitalization, increased readmission to the hos-
pital, greater need for rehabilitation care after hospital discharge, and higher mor-
tality compared to age-matched non-sarcopenic patients [7, 11, 12]. Thus, the loss 
of muscle mass and strength has a devastating impact on the overall health of a 
subject, being a major risk factor for disability, morbidity, and mortality. In addi-
tion to reductions in performance, the intermediate consequences of muscle loss 
include reductions in metabolic rate and aerobic capacity. The loss of power and 
endurance increases the difficulties associated with procuring adequate nutrition 
and increases the effort required to undertake exercise. The combination of nutri-
tional loss and reduced physical activity levels results in further loss of muscle 
mass and power, exacerbating the process of sarcopenia. The resulting decrements 
in power, endurance, and physical performance, if unchecked, subsequently lead 
to a loss of independence which may or may not be preceded by injury or illness, 
for example, a fall and/or fracture [4, 7].

4.6  Sarcopenia and Frailty

Potential definitions of frailty abound, being often synonymous with disability, 
comorbidity, or advanced old age. However the “risk concept” distinguishes frailty 
from disability. Thus, frailty is defined as “a geriatric syndrome resulting from 
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age- related cumulative declines across multiple physiologic systems, with impaired 
homeostatic reserve and a reduced capacity of the organism to withstand stress, thus 
increasing vulnerability to adverse health outcomes including falls, hospitalization, 
institutionalization and mortality” [3, 4, 13, 14]. Moreover frailty is a progressive 
process with a latent phase. The progression in the frailty ladder reflects decline in 
homeostasis mechanisms which results in constant loss of performance leading to a 
cascade of dysregulation in multiple systems. The “frailty cycle” may be triggered 
by separate or joint effects like lack of physical exercise, inadequate nutrition, 
unhealthy environment, injuries, disease, age- and/or obesity-related hormonal 
alterations, inflammation, and polypharmacy [3].

Interestingly, frailty and sarcopenia overlap; most frail elderly people are sarco-
penic, and some older people with sarcopenia are also frail. Moreover, as previously 
stated, skeletal and muscular systems are tightly intertwined, and the degenerative 
processes leading to osteoporosis and sarcopenia show many common pathogenic 
pathways. However, the general concept of frailty goes beyond physical factors to 
encompass psychological and social dimensions as well, including cognitive status, 
social support, and other environmental factors [13–15].

Key Points
• Aging is a physiological time-dependent process, resulting in a decline in 

organ functions that can in the last lead to death. The main pathophysiolog-
ical mechanisms have been recently grouped in seven pillars of age-related 
research and nine hallmarks of aging, mostly connected with each other.

• Sarcopenia can be defined as “a decrease in muscle mass and function 
(strength and mobility).” It can be divided in primary (or age related) and 
secondary sarcopenia and staged in pre-sarcopenia, sarcopenia, and severe 
sarcopenia.

• Mechanism underlying sarcopenia are CSA reduction, myosteatosis, 
age-related muscle denervation, increased protein degradation/decreased 
protein synthesis, increased inflammatory cytokine expression (IL-6 and 
TNF-alpha), decreased GH and IGF-I production, increased oxidative 
damage, and reduced tissue regeneration.

• Sarcopenia has a negative impact on functional status, autonomy, falls, 
disability, and mortality. In the clinical setting, sarcopenic patients suffer 
from greater infectious complications, prolonged duration of mechanical 
ventilation, longer hospitalization, increased readmission to the hospital, 
greater need for rehabilitation care after hospital discharge, and higher 
mortality.

• Frailty is defined as “a geriatric syndrome resulting from age-related 
cumulative declines across multiple physiologic systems, with impaired 
homeostatic reserve and a reduced capacity of the organism to withstand 
stress, thus increasing vulnerability to adverse health outcomes including 
falls, hospitalization, institutionalization, and mortality.”
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5Physical Exercise and Aging

Antonio Paoli

5.1  Introduction

Independence and improvement of quality of life in elderly people are needed in an 
increasing aging society. The population of the developed countries is aging quickly, 
and, especially during the past century, life expectancy rapidly increased due to many 
factors, including decrease in infant mortality, rising living standards, improved life-
styles, better education, and mainly advances in health care. Several studies showed 
the positive effects of physical exercise (PE) on physical and mental health during 
the lifetime [1]. An active lifestyle, including a regular physical activity during the 
aging process, is, therefore, a major challenge for public and health care systems to 
maintain a good health and physical fitness in the aging population [2].

Physical exercise is therefore a key factor for a healthy aging process. But, aside 
the general consideration about the healthy effects of PE [2], it is important to spec-
ify which kind of PE should be prescribed and with which effects.

5.2  Physical Exercise Is Multifaceted

PE is classically divided in endurance training (ET) (low load-high repetitive stimu-
lus) and strength training (ST) (high load-low repetitive). These two training modal-
ities represent, as a matter of fact, the extremes of a continuum options with many 
variables that affecting load, duration, frequency, rest, and mode of contraction. 
Moreover ET and RT could be mixed in very different ways [3, 4]. Understanding 
the metabolic and molecular pathway involved in the human body response to PE is 
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mandatory to create tailored programs for healthy and unhealthy subjects and espe-
cially for elderly.

Classical endurance training protocols usually induce an increase in VO2max 
(maximal oxygen consumption) that is related to a complex cascade of effects that 
results in modifications in both cardiovascular system and trained skeletal muscles. 
In skeletal muscle, ET stimulates a shift from IIX heavy chain myosin phenotype to 
IIa and I types. Compared to IIx-type fibers, I-type fiber showed an increase of oxi-
dative characteristics, such as muscle capillarity, muscle mitochondrial volume, and 
mitochondrial density, and oxidative enzymes: enzymes of the Krebs cycle and oxi-
dative phosphorylation such as SDH (succinate dehydrogenase), CS (citrate syn-
thase), and Cytox (cytochrome c oxidase) (see Table 5.1).

Regarding morphological changes muscle fiber cross-sectional area is generally 
poor or not affected by endurance-type exercise except when exercised muscles 
were immobilized. Endurance training also leads to a shift in metabolism stimulat-
ing to a higher lipid utilization as fuel and to an increase in IMCL (intramyocellular 
lipid) and glycogen stores.

Instead classic strength training protocols influence mainly muscle and muscle fiber 
cross-sectional area. It is important to underline that the earliest adaptation during a ST 
protocol belongs to a modification of neuromuscular function [5]; this mechanism 
allows strength increase with little or null structural adjustments, thus a more economi-
cal adaptation. After few weeks ST stimulates the increase of muscle cross-sectional 
area due mainly to an increase in the number of myofibrils, notably of the fast fiber 
types (type IIA and type IIX) [6]. Training affects also the shifts from one type of myo-
sin heavy chain (MHC) to another; these changes are related to the characteristics of 
training [6–8]. Even though mitochondria and capillaries are little affected by ST and 
mitochondrial volumes and capillary densities are low in strength-trained athletes, the 
role of mitochondria in muscle mass maintaining has been recently highlighted [9].

With the onset of the sixth decade in life, there is a gradual increases of many 
degenerative processes (described elsewhere in this book); these processes cause a 

Table 5.1 Effects of aerobic and resistance exercise on different variables

Aerobic/
endurance

Resistance/
strength

Skeletal muscle morphological and physiological adaptations
Muscle hypertrophy ≅ ↑↑↑
Muscle CSA ≅↑ ↑↑↑
Myofibrillar protein synthesis ≅↑ ↑↑↑
Mitochondrial protein synthesis ↑↑ ↑
Capillarization ↑↑ ↑
Mitochondrial number, size, and function ↑↑↑ ≅↑
Exercise performance
Muscle strength (power) ≅ ↑
Lactate buffer capacity ↑↑ ↑↑
VO2max ↑↑↑ ≅↑
Neural adaptation ↑ ↑↑↑
Endurance capacity ↑↑↑ ≅
Anaerobic capacity ↑ ↑↑
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decrease of muscle power (dynapenia) [10] and muscle mass (sarcopenia) [11, 12]. 
These modifications are related both to neural (e.g., loss of alpha motoneurons) and 
morphological changes (e.g., reduced number and size of muscle fibers) [10].

General muscular weakness is highly associated with impaired mobility and an 
increased risk for falls in the elderly; for this reason RT is a key point for improving 
elderly’s quality of life [13]. As a matter of fact, lower limb muscle weakness was 
identified as the main intrinsic fall-risk factor in the elderly [14]. It is interesting to 
observe that although the age-related decline in muscle strength is associated with 
skeletal muscle mass loss, other studies reported a greater decline in muscle strength 
compared to muscle size [15].

Even though exercise cannot completely prevent aging-related loss of strength, 
due mainly to the modification of the neuromuscular system, RT showed great age- 
related changes. Many studies in the last years, starting from the seminal paper of 
Frontera et al. [16], showed the importance of RT on muscle mass maintenance over 
years. While the calculated loss of strength is 1.3% by year after 52 years of age [17], 
other researches showed that from 60 years old to 72 years old, there is a decline of 
isokinetic knee extensor torque of −24% and in quadriceps cross- sectional area 
(CSA) of −16%. On the contrary only 12 weeks of high intensity RT (80% of 1 RM) 
leads to a 16% increase in isokinetic torque and 11% in knee extensor CSA [18].

Unfortunately PE is often prescribed by physicians in a very “low-intensity,” 
“low-volume” manner [10]. It is of paramount importance when developing RT 
programs, considering all the various training variables such as frequency, duration, 
exercises, sets, recovery, intensity, repetitions, and type of contractions (see 
Table 5.2). Adverse events in healthy elderly are very rare. Most adverse events are 
usually related to musculoskeletal problems, but serious adverse events were very 
rare and appear not to be directly related to the exercise program. Anyway subjects 

Table 5.2 Different training variables in endurance exercise and resistance training

Endurance training Resistance training

Variable Examples Variable Examples
Duration (total 
duration of training)

Minutes, hours Muscle contraction 
type

Eccentric, concentric, 
isometric

Intensity (relative 
effort)

% Maximal heart rate 
(HRmax)
% Heart rate reserve 
(HRres)
% Maximal oxygen 
consumption (VO2max)

Type of load Barbell, dumbbell, 
elastics, calisthenics, 
weight machines

Type of exercise 
(exercise 
modalities)

Running, cycling, 
rowing

Volume Sets × repetitions

Training structure Total body, split routine, 
numbers of muscle area

Rest between sets Seconds, minutes
Speed of movement Slow, explosive
Training frequency 
(amount of times per 
week)
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at risk of RT’s induced adverse events should undergo to a complete specialized 
health screening. These subjects are those with high-grade hypertension, diabetic 
neuropathy, and/or retinopathy, with ischemic and cerebrovascular heart diseases 
and heart failure.

5.3  PE Frequency

At least 2 (from 2 to 4) days per week were recommended. Two/three times of 
endurance training and two sessions of RT. The most common approach is 2 times 
a week of ET and 1–2 times a week of RT; in our opinion 2 times a week for ET and 
2 times for RT should be an adequate frequency. Another solution could be 3 times 
a week on alternating days (e.g., Monday, Wednesday, and Friday) of RT + ET, the 
so-called circuit training [3, 4, 19, 20]; all the above methodologies are performed 
as a “total body” routine. An alternative approach exercise session with the “total 
body” is the so-called “split routine” where routine is performed 2–3 times per 
week. In this methodology subjects are exercising selected muscle groups on 1 or 
2 days per week, while the remaining are exercised on a separate 1 or 2 days per 
week (e.g., chest, arms, and limbs on Monday; back, shoulder, and hamstring on 
Wednesday; ET on Tuesday and Thursday). When performing only RT, the typically 
split routine could be A, B, and C, where A is training the chest and biceps, B the 
lower limbs and shoulder, C the back and triceps.

5.4  PE Duration

Generally speaking the duration of a single training session should not exceed the 
60’ [21] with interset rest range from 1 to 2.5/3 min depending on the load used, the 
number of reps, the muscle area involved, and the speed of movement.

5.5  PE Exercises

Resistance exercises can be classified, according to the number of joints involved, 
as multi-joint (MJ) or single-joint (SJ) exercises. MJ exercises are those in which 
more than one joint is involved during the exercise (e.g., chest press and leg press). 
SJ exercises are those where only one joint is involved (e.g., bicep curls and leg 
extensions). Although MJ and SJ have many differences, there is no precise guide-
line indicating which one is more suitable for different outcomes. We demonstrated 
that MJ exercises are able to increase the resting energy expenditure compared to an 
equal load SJ exercise [20].

Older adults should be encouraged to perform, where possible, MJ (MJ are more 
“functional” compared to SJ) although SJ exercises could be also performed. Also 
resistance exercise machines (e.g., leg press machines) could be recommended for 
the beginner instead of free weights (barbells and dumbbells) if the ratio between 
instructors and trainees is <1.
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5.6  Number of Repetitions and Sets and Derived Variables

The number of repetition is linked mainly to the load and the aim of exercise. Higher 
loads lifted mean lower reps performed. Clearly, in accordance with the Hill law, higher 
loads constrain a slower movement [22, 23]. It is well known that the number of repeti-
tions increases as training intensity decreases; the effects of the different loads on mus-
cle architecture are outside the limits of this chapter, but, in general, the more efficient 
reps range for muscle hypertrophy was defined between 6 and 10 reps, with a median 
of 8, even though recent findings challenged this old knowledge [24, 25]. Also, differ-
ent speeds influence load effects on muscle [26]; a voluntary slow movement with 
higher loads affects different molecular pathway linked to muscle hypertrophy [27].

5.7  Intensity

While in ET intensity is simply well defined by the percentage of VO2max or per-
centage of HR, for RT the scenario is more complex: in RT loads, speed and rest 
periods define the intensity; thus in RT this is a parameter more complex to calcu-
late and still under discussion [28] (Table 5.3).

Table 5.3 Different activities and variables for PE in elderly

Parameter Endurance training
Resistance 
training Balance training

Flexibility 
training

Mode Movement that 
does not impose 
excessive joint 
stress: walking, 
water-based 
exercise, and 
stationary-cycle 
exercise for those 
with joint problems

Dynamic strength 
training using the 
major muscle 
groups. Free 
weights, machine, 
elastic resistance 
bends, and 
calisthenics 
exercises

Neuromuscular 
training combining 
balance, agility, and 
proprioceptive 
exercises. Exercises 
with perturbations of 
center of gravity

Exercises that 
maintain or 
increase 
flexibility; static 
stretching for 
major muscle 
groups

Intensity Using the Borg 
RPE (0–10) scale: 
from 5 to 8 (from 
moderate to 
vigorous)

Using the Borg 
RPE (0–10) scale: 
from 5 to 8 (from 
moderate to 
vigorous)

No indications Using the Borg 
RPE (0–10) 
scale: from 5 to 
6 (moderate)

Duration For moderate 
intensity at least 
30 min per day; for 
vigorous at least 
20 min per day

At least 1 set for 
each exercise (is 
preferable 2 or 3 
sets) for 10–15 
repetitions per 
exercise

No indications One set for each 
exercise; 
15–30 s each 
bout of stretch

Frequency Moderate intensity: 
5 days per week; 
vigorous intensity: 
3 days per week

Minimum 2 days 
per week

Minimum 2 days per 
week

Minimum 
2 days per week

Adapted from American College of Sports Medicine position stand. Exercise and physical activity 
for older adults. Med Sci Sports Exerc. (2009) [29]
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 Conclusions

Physical activity is a key factor for a healthy aging. It is of paramount impor-
tance for the physician to understand the different mechanisms underlying the 
positive effects of PE on the different health-related outcomes. At the same time, 
it is fundamental for health professionals to know how different types of exer-
cises differently affect different metabolic and physiological outcomes in the 
elderly to use exercise as a poly-pill.
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6Safe Antiaging Full-Body In-Bed Gym 
and FES for Lazy Persons: Home In-Bed 
Exercises for Fighting Muscle Weakness 
in Advanced Age

U. Carraro, K. Gava, A. Musumeci, A. Baba, F. Piccione, 
and A. Marcante

6.1  Introduction

Elderly persons, due to advanced age or associated diseases, spend only a small 
amount of time for daily physical activity, contributing to limit their independence 
up to force them to bed and to hospitalization for long periods. Immobility is associ-
ated with neuromuscular weakness, functional limitations, thromboembolism, and 
high costs [1–3]. All progressive muscle contractile impairments (including 
advanced age-related muscle power decline) need permanent management. Besides 
eventual pharmacological treatment, a home-based physical exercise approach is 
helpful. Awaiting the development of implantable devices for muscle stimulation, as 
effective as pacemakers for cardiac arrhythmias or cochlear implants for hearing 
loss, education of lazy patients to home physical exercises during and after hospital-
ization could be an effective, low-cost alternative.

Inspired by the proven capability to recover skeletal muscle contractility and 
strength by home-based functional electrical stimulation (h-bFES) even in the worse 
cases of neuromuscular traumatic injuries, [4–8] and guided by common sense, we 
suggest for sedentary persons a short (15–20 min) daily sequence of 12 easy-to-
perform physical exercises that may be performed in bed (full-body in-bed gym). 
Full-body in-bed gym is an extension to all body muscles of the well-established 
in-bed cardio-circulation-ventilation physiotherapy approaches.
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6.2  Suggested Exercises

Active persons, able to make 25 consecutive push-ups in 3 min, do not need the fol-
lowing exercises, but sedentary people may gradually start, after asking their family 
physician’s advice, with five repetitions of each suggested exercise. The next week 
they may add groups of five additional repetitions up to 30. Exercises are showed 
and fully detailed in the legend of Figs. 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 6.10, 
6.11, and 6.12. The daily routine exercises may last from 10 (in the beginning) to 
30 min (for complete session in accustomed persons).

6.3  Conclusions

If sedentary persons, without major comorbidities but with rest-related muscle weak-
ness, challenge themselves, avoiding stress, in a few days of full-body in-bed gym, 
they may increase their muscle strength, fatigue resistance, and independence in daily 
life activities. Cautious in-bed gym may help patient’s recovery after the acute phase 
of hospitalization, prevent the risk of thromboembolism after surgical interventions, 
and concur to reduce arterial hypertension [9]. Full-body in-bed gym could mitigate 
the bad mood that is usually associated to mobility limitations, strengthening patients’ 
confidence in recovering partial or total independence, thus reducing the risk of acci-
dental falls [10]. However, if elderly persons cannot, or are reluctant to, perform phys-
ical exercises, functional electrical stimulation (FES) may mimic them and be almost 
equally useful [2–6]. In conclusion, it is never too early and it is never too late to 
increase daily levels of volitional or FES-induced muscle contractions!

6.4  Antiaging Total-Body In-Bed Gym

Figures 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 6.10, 6.11, and 6.12 show the series 
of safe and easy exercises that elderly persons could perform staying next to bed. 
Figure 6.1a,  b suggests to start every morning the total-body in-bed routine with 
flexions and extensions of the ankles; Fig. 6.2a, b demonstrates that leg and abdomen 
muscle could be activated by cycling movements; Fig. 6.3a, b shows arm up and arm 
down exercise. Notice, please, that hand muscles are also activated; Fig. 6.4 shows 
how deep breathing could be performed; Fig. 6.5a, b show forward bending exercise; 
Fig. 6.6 suggests how to raise your pelvis to activate back muscles, glutei, and poste-
rior leg muscles; Fig. 6.7a–d demonstrates neck torsions; Fig. 6.8 suggests to lift the 
upper part of the body in sitting position to exercise arm muscles; Fig. 6.9a, b, dem-
onstrates how to lift the legs in sitting position to strength quadriceps muscles; 
Figs. 6.10 and 6.11 show how to stand up and get up on the toes, respectively. 
Figure 6.12 shows push-up (for active persons). A video may be downloaded from 
the link: http://www.bio.unipd.it/bam/video/InterviewCarraro-tutorial.mp4

U. Carraro et al.
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a

b

Fig. 6.1 (a, b) Flexion and 
extension of the ankles

a

b

Fig. 6.2 (a, b) Cycling 
movements
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Fig. 6.4 Deep breathing

a

b

Fig. 6.3 (a, b) Arms up and 
arms down
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a

b

Fig. 6.5 (a, b) Forward 
bending

Fig. 6.6 To raise the pelvis
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a

b

c

d

Fig. 6.7 (a–d) Neck torsions
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Fig. 6.8 Sit up

a

b

Fig. 6.9 (a, b) Lift the legs 
when in sitting position

Fig. 6.10 Stand up
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Fig. 6.11 Get up on toes

Fig. 6.12 Push-up (for the 
active person)

If elderly persons cannot, or are reluctant to, perform physical exercises, func-
tional electrical stimulation may mimic them and be almost equally useful (see 
Chap. 8, Section C in this book, and Refs. [3–8]).

Key Points
• Full-body in-bed gym is an extension to all body muscles of the well-

established cardio-circulatory-ventilation in-bed management.
• Elderly patients may develop severe limitations to their independence after 

immobilization or bed-ridding.
• Instructing and supporting patients to perform daily in-bed exercises are an 

effective and low-cost measure to limit disability and improve physical and 
mental being of older patients.

• When full-body in-bed gym is not indicated or persons are reluctant to do 
it, functional electrical stimulation can be an alternative.

U. Carraro et al.
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7Motivation and Rehabilitation in Older 
Patients

Carine Federspiel and Jean-Paul Steinmetz

Physical and rehabilitation medicine (PRM) aims restoring functional ability and 
quality of life of patients suffering from physical, cognitive, and/or psychological 
impairments. A disabling condition with no known cure chronically limits the 
patient in his functions and may disable the patient from completing most basic 
activities of daily living. In general, the patient’s goal is to be pain-free and to attain 
a previous level of independence, thus to leave the rehabilitation institution as soon 
as possible [1]. Generally, patients are characterized by multiple morbidities and 
thus may be deficient in cognition, nutrition, muscle strength, and affectivity or 
have an unfavorable social living situation. In the geriatric context, the emphasis of 
PRM is not primarily put on the full restoration of all of these functions to a previ-
ous (premorbid) level but rather on reestablishing in the patient an appropriate level 
of quality of life. Thus and in our understanding, PRM should focus on providing 
the necessary support to the patient to maximize functionality (in the widest sense) 
within the limitations placed upon him by the disabling condition. Consequently, 
restoring a level of independence in the patient’s activities of daily living allowing 
him to experience adequate levels of quality of life is crucial.

To achieve this goal, patient involvement is the prerequisite. It is generally 
accepted that compliance to rehabilitation has a positive influence on rehabilitation 
outcomes [2] with factors compromising motivation (e.g., cognitive or mood disor-
ders) increasing the length of the rehabilitation [1, 3, 4]. Motivation is a complex 
construct and depends on many factors. Intrinsic factors such as self-efficacy beliefs, 
personal needs and preferences, pain, affectivity (dysthymia/depression), fear, 
weakness, and cognitive deficits or extrinsic factors such as unfamiliar surround-
ings, contextual support, and incentives given by the therapists or the family influ-
ence motivation directly or indirectly [5]. Self-efficacy, initially defined by Bandura 
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[6], is a person’s belief in his or her capabilities to have control over or to influence 
a (personal) situation or an event. Previous research found that sense of control in 
people and their age is negatively related, with older persons experiencing generally 
less control [7, 8]. Beliefs in one’s own capabilities (i.e., self-efficacy) are thought 
to govern cognition, emotions, and behavior and are crucial to determine to what 
extent a patient feels motivated. In PRM it is thus important to identify potential 
sources of self-efficacy enhancing information to help strengthen those beliefs [9]. 
To enhance motivation and corresponding behaviors (i.e., participation in rehabili-
tation activities), several factors are relevant: the patient’s personality, patient’s 
active participation in the development of the interdisciplinary rehabilitation pro-
gram, definition of relevant goals to be achieved during rehabilitation, encourage-
ment and support from the therapists, empowerment of the patient, and the 
rehabilitation environment in general [1, 10, 11]. Moreover, providing information 
about the necessity of certain exercises or therapies (i.e., patient education) may 
furthermore be beneficial in generating patient motivation to engage in rehabilita-
tion [11]. Detrimental effects of lack of motivation have been discussed in the litera-
ture. Findings suggest that if patients are perceived as unmotivated by the therapist, 
the clinician is less likely to support and encourage him/her. Thus, motivated 
patients are differently treated than unmotivated ones, especially if the unmotivated 
patient is old [11]. Therapists play a vital role in positively influencing their patients 
to actively participate in therapy. An interpersonal relationship characterized by 
respect and trust may easily be established between the therapist and the motivated 
patient but takes time and effort to be established with patients lacking motivation. 
That is, therapists must develop an important amount of sensitivity toward their 
patients enabling the therapist to recognize cognitive and mood disorders threaten-
ing positive rehabilitation outcomes in their patient [4]. As a positive consequence, 
rehabilitation interventions can promptly be adapted according to the mental and 
physical state of the patient.

After more than a decade of clinical practice in geriatric rehabilitation, our gen-
eral experience is that the acquisition of knowledge of the patient’s preferences 
prior the critical health event and the patient’s personality (e.g., through contacts 
with the family) is beneficial in determining a tailored intervention program. 
Tailored intervention programs are ideally developed by an interdisciplinary team 
composed of various healthcare professionals. A multidisciplinary team can be 
composed of a geriatrician and/or a specialist in rehabilitation medicine, an occupa-
tional therapist, a physiotherapist, a psychologist, a speech therapist, a social worker, 
and a nursing staff. This interdisciplinary composition is an important key toward a 
better understanding, evaluation, adaptation, and scheduling of individualized reha-
bilitation interventions. Monitoring physical and mental capacities and the social 
condition of the old patients helps us in approaching the very personal interests of 
each patient on different levels. Thus and, for example, assessing (e.g., through 
semi-structured interviews) and integrating systematically individual biographic 
elements in the development of tailored interventions is useful in enhancing compli-
ance among patients as interventions may be better focused and adapted to the indi-
vidual patient. Furthermore, spending time with the patient and trying to build up an 
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empathetic relationship to make the patient feel comfortable and welcome may fur-
thermore positively affect compliance and consequently, rehabilitation outcomes 
[12]. We conclude that exploring the construct of motivation is fundamental in the 
work with older adults and should hence be systematically considered in geriatric 
rehabilitation units as it figures as a key mediator of the success or the failure of a 
rehabilitation program.
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8Bed Rest Syndrome

F. Scarponi and M. Zampolini

8.1  Introduction

Since Hippocrates’ time, traditional medicine has intended bed rest as: “In every 
movement of the body, whenever one begins to endure pain, it will be relieved by 
rest” [1]. The harmful effects of prolonged bed rest only started to be studied in the 
late twentieth century [2, 3].

Bed rest does not have specific positive effects yet causes numerous physiologic 
adaptations in all organ systems, often with negative consequences [3]. However, 
there are no studies that clearly show the benefit of avoiding bed rest, and in a recent 
meta-analysis the conclusion of the authors is: “There are no RCTs or controlled 
trials that provide evidence for, or against, staying in bed for at least four weeks 
after symptom onset in patients with aneurysmal SAH” [4]. Furthermore, neither 
does lateral positioning lead to a clear benefit in critically ill patients [5].

Although being bedridden might be an inevitable situation in some clinical con-
ditions, in aging patients due to frailty and muscle loss, too much bed rest could 
worsen the effects, due to increased protein degradation (cachexia), decreased rate 
of muscle protein synthesis (inactivity), or an alteration in both (sarcopenia) [6]. 
Recently, a review has shown that the aetiology of these conditions is not com-
pletely understood but involves some common processes, such as the dysregulation 
of inflammatory pathways, which seems to be important, and several biomarkers 
and combinations of biomarkers have been suggested as measures of frailty [7].
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In older people frailty is a syndrome of lower strength, endurance, and physio-
logical functions that increase an individual’s vulnerability and risk of mortality. 
Due to frailty, people can lose their independence leading to the condition of being 
bedridden with assistance required even for “minor” acute events and consequent 
increased risk of sarcopenia, cachexia, and atrophy. This overlap of geriatric syn-
dromes may be relevant in the development of damage caused by being in a bedrid-
den condition. In fact, frailty sarcopenia and cachexia can combine to form a vicious 
circle: strength, endurance, and physical activity are lower, the total energy expen-
diture diminished, with a subsequent chronic undernutrition that maintains sarcope-
nia [8].

8.1.1  Effects of Bed Rest

Prolonged bedrest is associated with several time-dependent effects. The effects of 
being bedridden have an impact on the whole organism, and a good knowledge of 
every physiological mechanism involved is recommended for the physician. 
Table 8.1 summarizes the fundamental aspects for the principal body systems.

Table 8.1 Effects of prolonged bed rest

Cardiovascular 
system

Increased resting heart rate
Venous thrombosis
Early increased cardiac stroke

Respiratory system Reduced tidal volume
Potential permanent restrictive pulmonary disease due to fixed 
contractures of the costovertebral joints
Reduced FVC and FEV1
Loss of elastic recoil as a result of structural changes within the lungs
Tendency for mucus to pool in the lower part of the airway
Collapse of airways and small areas of lung tissue (atelectasis), which 
reduces the area available for gaseous exchange

Musculoskeletal 
system

Atrophy of postural muscles, leading to an increased risk of falls and 
disability [15]
Reduction of bone mass in the spine and lower limbs

Gastrointestinal 
system

Decreased gastric bicarbonate secretion and increased acidity within the 
stomach
Symptoms associated with gastroesophageal reflux disease (GERD)
Increased transit time and constipation

Urinary system Release of ANP and increased diuresis
Transient increase in plasma and urinary urea, a decrease in plasma 
creatinine, and no change in urinary creatinine
Rise of urinary calcium excretion
Incomplete emptying and urinary stasis, due to weakened abdominal and 
pelvic floor musculature
Renal and bladder stones and infections

Skin Higher risk of pressure sores
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8.2  Prevention of Bed Rest Syndrome

Patients in the intensive care unit (ICU) could be the paradigm of the management of 
bed rest via mobilization. They are often sedated, critical/frail patients, with obvious 
difficulty in changing position, sitting or walking. Immobilization in complex patients 
in the ICU, together with systemic inflammation, is a strong independent risk factor 
for the development of intensive care unit-acquired weakness (ICUAW) [9].

Evidence indicates that functionally significant joint limitations are shown by 
more than a third of patients admitted to ICU for over 2 weeks.

It is noteworthy that enough damage to create the basis for a decubitus ulcer is 
done after as little as 2 h of immobility. Susceptibility to pressure ulcers comes 
from a combination of external factors (pressure, friction, shear force, and mois-
ture) and internal factors (e.g., fever, malnutrition, anemia, and endothelial 
dysfunction).

Although a few years ago, early physical rehabilitation of critically ill patients 
was considered unsafe, in the last decade growing literature has shown the safety 
and feasibility of mobilizing ICU patients to prevent impairments, adverse events, 
in-hospital infections, and functional limitations [10].

In order to address these aspects, components of the ABCDE bundle include: 
Awaken from sedation, Breathe independently without a ventilator, Choice of seda-
tion, Delirium management, and Early mobilization [11].

While preliminary data regarding early mobilization of ICU patients has been 
shown to be safe, feasible, and beneficial, in one multicenter, observational Italian 
study, postural changes and early mobilization were prescribed in about two thirds 
of the cases, suggesting that these treatments are not yet widely practiced [12].

In this study, despite mobilization being included within the nurses’ activities in 
some cases, in almost all cases the physiotherapist was indicated for an average of 
38 min/day.

Since mobilization is not always possible, another tool to prevent bed rest syn-
drome is limiting development of sarcopenia by implementing nutrition with essential 
amino acids (EAA). The benefit of EAA in these conditions is not completely under-
stood but could stimulate anabolic processes in skeletal muscles, thus helping to pre-
serve them. In some papers, EAA supplementation leads to stimulation of the 

Endocrine system Depressed levels of aldosterone and antidiuretic hormone
Sodium loss during diuresis and hyponatremia with subsequent increased 
plasma renin activity and increased plasma aldosterone levels
Progressive loss of potassium in the urine due to aldosterone secretion
Increased cortisol secretion, onset of insulin resistance, impaired glucose 
tolerance, and the subsequent development of type 2 diabetes

Central and 
peripheral nervous 
system

Dysfunctions in mental status (confusion, sleep disorders, drowsiness)
Difficulties in posture and balance in sitting and standing position
Development of polyneuropathies

Table 8.1 (continued)
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production of lean body mass in older women and is associated in maintaining strength 
of plantar flexion and going upstairs, muscle mass, and motor coordination [8].

Probably, the most effective strategy to mitigate the impact of bed rest on the 
development of sarcopenia is adequate nutrition and/or the utilization of resistance 
exercise [13].

Another strategy is the utilization of “low magnitude mechanical signals 
(LMMS)” that seem to improve the strength and endurance of hip and knee muscles 
[8]. Furthermore, in experimental studies LMMS are anabolic to bone if applied at 
a high frequency (15–90 Hz) and could be useful in preventing osteoporosis caused 
by bed rest [14]. Further future studies are clearly necessary to understand the effi-
cacy of these strategies in preventing the consequences of bed rest syndrome.

 Conclusions

Evidence indicates that physiopathological mechanisms of bedridden conditions 
start very early after immobilization and can lead to prolonged and severe conse-
quences that are often difficult to heal, painful, and impact negatively on the 
individual’s quality of life. Preventing such damage must be considered part of 
clinical routine. Care should be provided by a multiprofessional team with skills 
and expertise in medicine, nursing, and physiotherapy.

As specifically recommended also in the acute phase of very critical patients, 
the minimum provision of interventions is repeated postural changes during the 
day (every 2–3 h) as well as joint mobilization.

Key Points
• Physiopathological mechanisms of bed rest syndrome are time dependent; 

few hours of immobilization are enough to begin a cascade of modifica-
tions that can lead to impairments for several weeks or months.

• Immobilization could overlap with geriatric syndromes, with heavier 
impact on functional recovery.

• Bed rest syndrome involves various physiological systems.
• Bedridden condition should be discouraged when there’re no rational 

motivations to reduce mobility of patients, even in critical conditions.
• Care must be provided by a multiprofessional team with skills in medicine, 

nursing, and physiotherapy.
• Essential interventions are early mobilization, change positioning every 

2–3 h, facilitating awakeness, and promote weaning from mechanical 
ventilation.

• If mobilization isn’t possible, a dietary intake of EAA or other solutions 
could be considerate.
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9Exercise for Frail Older Adults

A. Musumeci, A. Pignataro, E. Ferlito, V. Lazzari, H. Zatti, 
and S. Masiero

9.1  Introduction

Frailty is a geriatric syndrome characterized by an increased vulnerability of older 
persons to the external stressors and decreased ability to regain physiological func-
tions after a destabilizing event [1–3]. It is highly prevalent in people older than 
65 years (7–16.3%) and can increase. up to 25% in people over 85 years [4–6]. Data 
about frailty are variable from country to country, and no clear differences have 
been demonstrated between both sexes [7]. Frailty is one of the most important 
causes of adverse outcomes and premature mortality of older patient [1]. Frail adults 
have reduced strength and endurance; they are more dependent, prone to falls, and 
susceptible to be admitted to nursing home residencies.

Pre-frailty is a silent precursor of frailty, in which the presence of psychological 
stressors, acute diseases, or traumatic injuries predisposes to the development of 
frailty.

Pathogenesis of frailty is still unclear and different hypotheses have been pro-
posed. Fried speculated that fragility could be the consequence of malnutrition and 
sarcopenia [8, 9]. According to Rockwood, instead, frailty is the result of the accu-
mulation of many non-related deficits (e.g., gait difficulties, cognitive and sphinc-
teric disorders, etc.) [10]. Some authors have also hypothesized that inflammation 
may determine muscle deterioration and consequent frailty [3, 11]. Sociodemographic 
(e.g., poverty or living alone) and psychological factors (e.g., depression), the poly-
pharmacy, and several other clinical conditions (e.g., insulin resistance and diabe-
tes) have also been implicated as determinants of the frailty status [12].
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9.2  Balance and Gait in Frail Older People

Aging process may cause several modifications in muscle strength, postural control, 
balance, and gait, which are considered the main components of frailty.

Human stability is the intrinsic capacity to maintain, reach, or regain a state of 
balance. Balance control involves many systems and requires an optimal integration 
of external information that pass through the sense organs. A balance decline, due 
to somatosensory system progressive impairment, occurs as early as 40 years of 
age, and older people do not easily adapt to perturbations [13, 14]. An increase of 
dorsal kyphosis is common in elderly and may result in further imbalance between 
the gravity center and the supporting base, increasing the risk of falls (Fig. 9.1).

Moreover, flexed posture determines an overload to the lower limbs and to the 
spine.

Gait also changes during aging, as a consequence of a reduction in muscular 
capacity, sensory function, and neural processing [13]. Muscle weakness of hip 

Fig. 9.1 This figure shows 
the imbalance between the 
gravity center and the 
supporting base in older 
adults
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abductors and adductors has been reported, and a greater instability of elderly peo-
ple when initiating stepping has been reported in elderly people [15]. Older adults 
tend to slow their walking speed and to show a slower reaction to external stimuli 
[15–21]. The loss of plantar cutaneous sensation is another important factor leading 
to impairment of motor control [21].

9.3  Frailty Measurement

Identifying frail older people is the first and essential step in rehabilitation. Multiple 
scales have been developed, but the most common are the Fried frailty phenotype 
assessment and the frailty index of accumulative deficits (FI-CD) index. According 
to Fried’s criteria, frailty is defined by the presence of three or more criteria and 
pre-frail state by the presence of one or two of the following: shrinking (uninten-
tional weight loss of 4.5 kg or more in the last year), weakness (low grip strength), 
exhaustion, slowness (slow walking speed), and low physical activity. Fried’s crite-
ria are also predictive of adverse clinical outcomes, including mortality. They are, 
however, not commonly used for routine assessment and cannot be routinely applied 
in acutely ill or severely disabled patients; moreover, they do not include the psy-
chosocial components [3].

FI-CD requires the aggregation of 30 or more symptoms, co-morbidities, dis-
eases and disabilities, or any health deficiency: a greater number of deficits mean 
higher frailty and risk of adverse events in both hospital and community settings 
[10, 13].

9.4  Physiotherapy in Frail Older Adult

Frailty is a modifiable dynamic process that can be prevented and even reversed by 
early identification and treatment of pre-frail older adults. Specific strategies could 
be therefore be used in order to attain this goal, and the best results seem to be 
obtained by combining exercise and nutritional supplementation [22].

Scientific literature showed that regular physical activity reduces the risk of 
developing cardiovascular and metabolic diseases, obesity, cognitive decay, osteo-
porosis, and muscular atrophy as well as the risk of falls in both healthy and frail 
elderly people [23]. There is, however, a great variety among the studies concerning 
the number of patients enrolled, degree of frailty, training programs, and 
assessments.

Generally, the more a person is physically active, the better will be its physical 
performances. This is due mainly to a better adjustment in the hemodynamic (a 
more efficient distribution of oxygen and nutrients to the tissues) and in the motor 
coordination in response to environmental changes [23–26].

International guidelines highlighted the importance of multimodal interventions 
that combine strength activities, cardio conditioning workout, and balance and 
functional exercises. Nevertheless—although the scientific community 
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unanimously promotes regular physical activity of elderly people—participation to 
exercise programs progressively decreases during aging and, concomitantly, the 
desire to participate. This is the reason why it is important to define a personalized 
exercise program, responding to subject’s own features and expectations (taking 
into account the level of previous physical activity), its social engagement, and the 
support of caregivers.

Various exercise modalities have been proven to be effective in older patients, 
but the combination of strength, resistance, power, coordination, proprioception, 
and balance and aerobic training is the most beneficial.

The effect of exercise on falls was studied in terms of incidence, and risk of falls 
and fear of falling were studied, but results were controversial.

The exercise has a positive influence on body and muscle composition, is benefi-
cial for mobility, and improves older patients’ functional abilities [27]. Therefore, it 
is always important, when starting a training program, to find the appropriate level 
of dosage, intensity, frequency of an exercise, as well as the correct level of progres-
sion; physical exercise should always be administered and scheduled according to 
the goals and the physical fitness of the subject.

9.5  Strength Training and Aerobic Exercise

An exercise program should last 3–4 months in average, with a maximum frequency 
of 3 sessions/week of at least 45 min each. Every session must include a phase 
within the aerobic threshold, related to daily life activities, such as walking, cycling, 
climbing stairs, or recreational activities (exercises with a ball) and a part dedicated 
to the muscular strengthening, using free weights, elastic resistance, etc.

The exercise intensity is variable, according to the exercise experience and phys-
ical fitness of each subject.

Repetition maximum (1RM) is the maximum force that can be developed in one 
maximal contraction. 1RM test is generally employed to measure the intensity of 
an exercise. There is not a common agreement in the literature, on the amount of 
intensity to be adopted during an exercise; however, the majority of authors sug-
gest that the intensity should be light or moderate (20–30% 1RM) and slowly 
increased progressively (i.e., it can be obtained by increasing the percentage of 
1RM up to a maximum of 80% 1RM or the number of repetitions from 8 to 15 
repetitions for one series). An increase in exercise intensity is allowed no more 
than once every 4 weeks, or when the series is perceived as easy to perform. 
Currently, there is no evidence on the muscular groups to train; several recent stud-
ies focused their attention on the plantar flexors, since a loss of strength in this 
group is associated with a reduction of walking speed while an increase to an 
improvement in balance. No risk in executing muscular strength training has been 
shown; however, some minor musculoskeletal symptoms have been reported (e.g., 
diffuse arthralgia, joint and muscle swelling, fatigue, or even muscular sprain, 
especially in those subjects who started from very debilitated or sedentary condi-
tions) (Figs. 9.2 and 9.3).
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The risk of serious adverse events after cardiopulmonary training is low for both 
moderate and elevated efforts, and it is higher during the first weeks of training. This 
training determines central and peripheral circulatory adjustments and aims to 
increase the musculoskeletal system’s ability to produce energy through the oxida-
tive pathways. The first week cardiopulmonary training should start from 5 to 
10 min of activity per session and then progressively increase up to 15–30 min.

The methods for controlling training intensity are different. The most frequently 
employed are the heart rate, which should be kept between 70% and 80% of the 
maximum heart rate (HRmax) in order to maintain oxidative metabolism, or self- 
monitoring scales, which evaluate the perceived fatigue, in which the intensity 
should be between moderate and well tolerated (12–14 on the 20 point Borg scale) 
(Figs. 9.4, 9.5, and 9.6).

Fig. 9.2 This figure shows some tools that are commonly used for strength and power training. 
Dumbbells, a type of free weight, can be used for reinforcement of the upper limbs. Elastic bands 
and elastic tubes can be used for strength training of both upper and lower limbs

Fig. 9.3 Examples of exercises using dumbbells and elastic bands
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Fig. 9.4 Cardiopulmonary 
training. Watch or chest 
strap are simple, wearable 
tools used to monitor heart 
rate and the intensity 
during exercises

Fig. 9.5 The ergometer is 
a machine used for 
cardiopulmonary training 
that allows measuring the 
work performed by 
exercising
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9.6  Balance

Balance exercises are mainly functional and progressively difficult, allowing the 
body to develop anticipatory abilities, in relation to different tasks or environmental 
situations.

In order to improve their balance, subjects must exercise themselves against an 
external force consequent to their movements or applied from outside.

Examples of exercise interventions are walking and tandem walking, cycling, 
proprioceptive static and dynamic exercises (e.g., using balance balls), strength 
exercises, and computerized balance training with visual feedback, coordination 
exercises, dance, tai chi, and yoga. Exercises can be proposed either singularly or 
combined. Different tools are used to improve balance and postural control such as 
proprioceptive or unstable surfaces and systems using computerized visual or 
acoustic feedback (Fig. 9.6).

Fig. 9.6 Unstable surfaces (balance pillows, boards, or balls) are commonly used to improve bal-
ance and postural control
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Duration of the exercises ranges from a minimum of 4 weeks to a maximum of 
12 months, with sessions taking place from twice a week up to once a day. The most 
common frequency is three times a week. Duration of the single session varies from 
3 to 90 min, with a major frequency of 60 min.

Stretching and coordination exercises can also be useful in older patients. 
Coordination exercises aim to prepare older patients in managing external disturb-
ing forces and allow a better control of the center of gravity during walking, thus 
reducing the risk of falls (Figs. 9.7 and 9.8) [28].

Both the aforementioned training typologies should be performed during the 
training session, and the exercise proposal should be functional to daily life activi-
ties as much as possible [27–31].

Fig. 9.7 These figures show some examples of useful exercises for postural control
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9.7  Promotion to Participation

Senior patient tends to become sedentary with age, as well as to progressively lose 
the will to perform physical exercise. Older people are frequently less motivated to 
improve their physical conditions and more interested in maintaining the residual 
abilities they possess. Therefore, they need to be encouraged by social workers, 
healthcare professionals, families, and friends. The most common barriers to partici-
pation to physical activities are the economic cost, lack of time, physical limitations, 

Fig. 9.8 Examples of coordination exercises: moving upper and lower limbs at the same time 
while walking
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and the frequent need to ask third parties for assistance to perform the exercises or to 
reach the gym. Social or communicative factors may also limit participation (e.g., the 
necessity to dress in a particular way or difficulties in verbal expression).

In order to encourage patient’s involvement, the exercise proposition should 
consist of low-cost activities, the training session should prove to be pleasant and 
funny, and the trainee should be often reassured of the safety and the harmlessness 
of the activity he is performing. Moreover, it would be better if the activity could 
become a moment of social sharing.

A significant factor related to the adhesion to an exercise program and its main-
tenance in the long term is the increase of independence (self-efficacy). Self-efficacy 
is one’s belief he can succeed in doing specific tasks. It is therefore important for the 
trainee to perceive his improvement in performing exercises into a safe context and 
to be confirmed by the operator.

Another factor that favors the participation is witnessing how the activity is 
bringing positive results in relation to the predetermined goals: for example, on a 
functional level in the everyday activity, both in terms of quantity (being able to 
walk for longer) and in terms of quality (less fatigue in climbing the stairs), or even 
at a social level (new relationships created in the group activity).

When managing elderly patients, it is therefore essential to consider the pivotal 
role of the caregiver. He has a significant role in motivating older patients to continue 
physical activities. He plays a very important role in patient’s health, functionality, 
well-being, and quality of life. He also represents the crucial partner for seniors’ 
care, especially if frail, and in management of his life both inside and outside home. 
According to the World Health Organization, the cooperation between the profes-
sionals and the caregivers should be the base of the assistance to the elderly person. 
In particular, many are so far the studies on the economic, social, and personal bur-
den the caregiver and patient’s family have to bear for patient’s management. The 
main characteristics of the patient perceived as highly affecting the caregiver’s life 
are the risk of falls, depressive symptoms, and behavioral problems. It needs to be 
highlighted that the bigger the responsibility load (e.g., cohabitation, patient’s dis-
ability, the presence of only one caregiver, etc.) for the caregiver, the higher the prob-
abilities of patient’s frequent hospitalization or institutionalization are.

Assessing patient and level of autonomy is therefore not sufficient, as we have to 
consider the context where he lives, his personal characteristics, and if the persons who 
look after him are eager to collaborate. Helping the caregiver to understand the benefits 
of an exercise program for the patient, also in terms of reduction of the risk of falls and 
increase or support of his residual abilities, could prove a successful strategy [32].

 Conclusions

Frailty is a very complex and impactful condition for an older adult. Early iden-
tification of frailty conditions and pre-frail status is important to reduce adverse 
outcomes and premature mortality of older patient.

Although the best training program still remains unclear, international guide-
lines highlighted the importance of reversing pre-frail and frail status, using a 
multimodal exercise approach, possibly in a fun and pleasant contest. Exercise 
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interventions have many advantages: they can improve frail adult’s quality of 
life, balance, and mobility reduce the risk of institutionalization and 
hospitalization.

The caregiver is a very important figure in frail adult’s life and should be 
involved in the intervention, in order to facilitate patient’s participation and to 
reduce his own burden in caring the patient.

Acknowledgments Figures courtesy of Monteverde Filippo and Sette Beatrice, Liceo Artistico 
Selvatico, Padua, Italy.
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10.1  Introduction

This chapter aims to introduce the reader to the knowledge of physical therapy 
modalities (PM) commonly employed by healthcare professionals for the treatment 
of elderly diseases. PM use physical agents to unleash a chain reaction of biological 
modifications in body tissues that produce specific therapeutic effects. The most 
important physical agents used in PM are thermal, mechanic, electric, and electro-
magnetic. Their efficacy is based on the knowledge of their mechanisms of action, 
dosages and modalities of administration, and their proper use. Common indications 
for PM are musculoskeletal pain treatment, reduction of muscle contractures, spasms, 
inflammation and edema, facilitate wound healing, etc. In the geriatric population, 
PM are often used in conjunction with other manual therapies and prescribed in 
cycles with a variable number of sessions within a rehabilitation program [1, 2].
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10.2  Thermotherapy

Thermotherapy is the application of heating (heat therapy) and cooling agents 
(cryotherapy) for muscle, joint, and soft tissue disorders. The goal of thermotherapy 
is to increase tissue temperature in a targeted region in order to induce the desired 
biological response in a specific tissue. Thermotherapy has many effects: it enhances 
tissue metabolism, modifies cell permeability, increases collagen tissue distensibil-
ity, and has hemodynamic effects. Moreover, it can alter nerve fibers’ excitability, 
thus reducing pain sensation and muscle spasms.

Heat therapy conveys thermal energy to the body through conduction, convec-
tion, and radiation. Heat is typically applied by placing a warming device on the 
relevant part or the entire human body.

Superficial tissues are heated using many different tools, such as mud packs, hot 
packs, heat wraps, wax baths, hot water, saunas, and steam baths.

Cryotherapy is often used to reduce the metabolic demand, edema, inflamma-
tion, and bleeding after muscle and soft tissue injuries. It is commonly applied 
through ice packs, towels, massage, gel packs, etc.

Both heat and cold therapies can be used in the inpatient and outpatient setting 
and at home [3].

10.2.1  Heat

10.2.1.1  Paraffin Bath
Liquid paraffin, also known as paraffinum liquidum, transfers thermal energy 
through conduction but, as soon as it solidifies, also determines a mechanical com-
pression on the part.

The paraffin bath is a mixture of paraffin and mineral oil that is kept and heated 
to a temperature of 50–55 °C. The patient dips into paraffin the injured extremity for 
a couple of seconds then remove it, thus allowing paraffin to harden; this action is 
repeated daily from six to twelve times. The next step is to put the heated part into 
a plastic bag and wrap it with several towels for 20–30 min. The procedure ends by 
removing the hardened wax [4].

The topical action of the paraffin relieves pain symptoms and reduces edema, 
muscle spasms, and contractures of the hand and foot joints, mainly in osteoarthri-
tis. Contraindications to its usage are pulmonary or cardiac failure, intolerance to 
paraffin, open wounds, or skin infections.

10.2.1.2  Infrared Radiations
The infrared are electromagnetic radiations (wavelength from 760 nm to 1 mm) 
produced by natural (e.g., sun) or artificial (luminous or nonluminous) sources. 
Luminous sources (wavelength from 760 to 1400 nm) emit near infrared (NIR), vis-
ible light, and UVA. The higher is the temperature of the source, the higher the 
frequency, and the shorter the wavelength.

Most home devices, commonly used in PM, emit NIR radiations. NIR deliver 
energy to the cells causing vasodilatation, an increment in blood flow of the skin and 
local warming. The infrared have a maximum depth of penetration of 1 cm.
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Infrared lamps have biostimulating and healing effects and are used for relieving 
muscle and joint’s pain; treatment usually lasts from 10 to 30 min. Indications for 
use of NIR are pain treatment in osteoarthritis, muscle spasms, and contractions, as 
a means to warm the muscle prior to physical exercises, massage, or manual ther-
apy, or for ulcer treatment (associated with UVA).

Contraindications are fever and cardiac diseases [5].

10.2.1.3  Shortwave Diathermy
Shortwave diathermy (dia = through, thermy = heat) uses high-frequency electromag-
netic energy generated by a condenser (capacitive field) or by coils (induction field), 
to produce molecular vibration and to heat the part to be treated. Shortwave diathermy 
produces a radiofrequency at 27.12 MHz and can be applied in a continuous (CSWD) 
or a pulsed (PSWT) mode; it can penetrate about 3 cm deep. CSWD uses thermal 
effect in muscles and superficial joints; in PSWT nonthermal effects are 
predominant.

Shortwave diathermy main effects are the increase in cell membrane permeabil-
ity, the improvement of mitochondrial function, the modulation of enzymatic activ-
ity, the increase in tissue distensibility, etc.

Indications for CSWD treatment are degenerative rheumatic diseases, low back 
pain (subacute or chronic), musculoskeletal injuries (strains, tendinopathies, teno-
synovitis, bursitis, sprains), and muscle contractures.

CSWD is contraindicated in people using pacemakers, audio or metal prosthe-
ses, pregnant women, people with active bleeding, osteoporosis and neoplasms. 
Moreover, it should be cautiously used in patients with altered thermal and pain 
sensibility [6]. Duration of treatment is 20–30 min and can be repeated for 
2 weeks.

In PSWT the mean power delivered to the tissue is relatively low, and the peak 
power is commonly 150–200 W. PSWT may be effective in restoring the cell mem-
brane potential and ionic transport of musculoskeletal and soft tissues during the 
inflammatory and repair phases. In fact, its primary target seems to be the cell mem-
brane and the ion transport across it. Treatment should not last more than 20 min.

PSWT is indicated in the presence of edema or hematoma; it enhances tissue 
healing and osteogenesis.

Contraindications are acute vascular (arterial or venous) diseases, pacemaker, 
pregnancy, recent hemorrhage, malignancy, active tuberculosis, and recent radiation 
therapy in the region to be treated (≤6 months) (Table 10.1).

Table 10.1 Tissue absorption according to different PM treatment (Adapted from www.electro-
therapy.org/modality/ultrasound-therapy)

Physical modality Tissue absorption Action
Infrared radiations Superficial Muscle, joint, ulcer
Continuous shortwave Deep Muscle, joint
Pulsed shortwave Wet, ionic Muscle, nerve, edema, hematoma
Laser Superficial vascular Muscle, nerve, tendon, joint, open wounds
Ultrasound Dense collagen, deep Ligament, tendon, fascia, joint capsule, fibrotic 

muscle
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10.2.2  Cold

Local application of cold (cryotherapy) decreases blood flow by activating a vasocon-
strictive reflex and reduces inflammation and the metabolic request of hypoxic tissues. 
Moreover, it has a topical anesthetic effect by reducing the activation threshold of tissue 
nociceptors, the conduction velocity of nerves, and muscle spindle fiber activity.

Cold therapy improves pain symptoms and reduces local edema and inflamma-
tion; it is also effective in reducing muscle spasms and contractures and in the treat-
ment of sprains, strains, contusions, tendonitis, etc. For all these reasons, cryotherapy 
is commonly used after acute injuries and articular diseases.

10.3  Laser Therapy

“Laser” is the acronym for “light amplification by stimulated emission of radia-
tion.” Laser therapy transfers energy within the tissues, thus modulating the biologi-
cal processes (photobiomodulation) according to “the Arndt-Schultz law”: low 
dosage photonic energy stimulates the biological processes (photobiostimulative 
effect), whereas, on the contrary, high dosage energy has an inhibitory effect (pho-
tobioinhibitive effect).

Lasers can be classified, according to the wavelength/max output power and the 
ability to damage exposed persons, into four classes of risk: from the lowest (class 
I: no hazard) to the highest (class IV: severe risk for the eyes and skin). Most thera-
peutic lasers are class III (low-level, cold, or low-power lasers) and deliver limited 
amount of energy and power (≤500 mW). However, they are not as effective as high 
power lasers (class IV therapeutic lasers).

The laser therapy effects are analgesic, anti-inflammatory (it stimulates the 
release of beta-endorphins), and reparative (regenerative action on deep structures 
by inducing the protein synthesis and increasing blood flow). The physiological 
effects are:

• biostimulation (increase of cell metabolism)
• blood circulation improvement and vasodilatation
• increased ATP production
• wound healing stimulation
• increased collagen production
• enhanced macrophage activity
• modification of nerve conduction (velocity)

Lasers are commonly applied through a connector maniple, if small areas are to 
be treated (Fig. 10.1), or through scanning technique, when dealing with wider 
areas (Fig. 10.2).

Common indications of laser therapy are musculoskeletal pain symptoms, 
inflammatory diseases of tendons and soft tissue, enthesopathies, edema, and pres-
sure sores (Table 10.1).
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Fig. 10.1 Laser application 
using scanning technique

Fig. 10.2 US therapy 
applied directly on the knee

10.3.1  Low-Level Laser Therapy (LLLT)

LLLT (wavelength from 600 to 1000 nm) uses red beam or NIR lasers. It consists 
of different procedures and is performed by different methods.

It is useful in relieving pain of rheumatic diseases, osteoarthritis, neck or nonspe-
cific chronic low back pain, tendinopathies, and joint disorders. Usual treatment 
lasts from 5 to 10 min [7–12].

10.3.2  High Dose: High Power Laser Therapy

High power lasers are used to stimulate tissue healing, but they can also improve 
pain from osteoarthritis, carpal tunnel syndrome, epicondylitis, sprains or strains, 
and muscle disorders.

10 Physical Therapy Modalities for Older Persons



80

10.4  Therapeutic Ultrasound

Ultrasound (US) is a mechanical wave that, passing through the body, transfers its 
energy to the tissues, causing molecular vibration. US determines thermal and non-
thermal effects; nonthermal effects are attributed to a combination of cavitation and 
shear stress (see also the paragraph on Thermotherapy). Cavitation leads to the for-
mation of reactive oxygen species and stimulates cell repair during the inflamma-
tory phase. Shear stress include the radiation pressure, radiation force, and acoustic 
streaming; the latter phenomenon changes cell diffusion rate, permeability, and 
membrane potentials. Thermal effects improve nerve transmission speed, increase 
blood flow rate, and reduce edema. From all the above, it is clear that therapeutic US 
is mainly used to promote tissue healing and improve the quality of tissue repair.

The frequencies used in US therapy are typically between 1.0 and 3.0 MHz. Depth 
of penetration is dependent on the frequency of the US machine. Therapeutic US can be 
applied as pulsed or continuous therapy, either directly, using a transducer and a conduc-
tive gel (Fig. 10.2), or indirectly transferred, through immersion of the transducer in 
water (Fig. 10.3). The penetration of US is better in tissues rich in collagen content (i.e., 
ligaments, tendons, fascias, joints, and fibrotic muscles) (Table 10.1) [13–16].

US treatment lasts approximately from 5 to 15 min and is repeated from one to 
three times a week; patient should never feel pain during therapy. Many clinicians 
use of pulsed US to treat, once or even twice daily, acute conditions. In this case, 
therapy lasts from 6 to 8 days until symptoms subside. In subacute or chronic condi-
tions, patients can be treated every other day.

Indications for therapeutic US are osteoarthritis, rheumatic diseases, joint or ten-
don inflammation, soft tissue injuries, sprains or strains, myositis ossificans, nerve 
entrapments (brachialgia, sciatalgia), and muscle spasms.

Contraindications for US treatment are cardiac diseases, deep vein thrombosis, 
pregnancy, malignancy, and metal implants [17].

Table 10.2 Physical characteristics of ESWT

ESWT type Pressure (bar) Pulse duration Pressure field Penetration depth
Radial 1–10 0.2–0.5 ms Radial, divergent Small, superficial
Focused 100–1000 0.2 μs Focused Large

Fig. 10.3 US therapy 
through immersion 
technique is used for 
irregular surfaces
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10.5  Extracorporeal Shockwave Therapy (ESWT)

Shockwaves are high-energy acoustic waves that travel faster than conventional 
sound wave. The more energy is applied, the more the shockwave will penetrate the 
tissue, determining a rapid expansion of the gases solved in blood and lymphatic 
fluids. Expanding gas molecules causes an increased pressure on the dysfunctional 
tissues, determining a phenomenon called “cavitation” in which voids quickly col-
lapse on themselves generating an implosion (shockwave) in the tissue. Healthy tis-
sues are not affected by the shockwaves because they can easily absorb their energy.

Shockwaves action on musculoskeletal system can determine:

• Cell permeability modifications
• Osteoblasts stimulation
• Osteogenic action
• Growth factors production
• Increase in type I and III collagen synthesis
• Vasoactive effects

Shockwaves can be focused or radial; they have different physical characteristic, 
are generated with different techniques (radial shockwaves are produced by a pneu-
matic system; focused shockwaves can be produced by electrohydraulic, electro-
magnetic, and piezoelectric shockwave generators), and use different parameters 
used for therapeutic penetration in the tissues (Table 10.2).

ESWT has been proven as effective and safe for treatment of musculoskeletal 
diseases [18, 19]. Radial shockwaves can be used in case of myofascial pain syn-
dromes or spasticity.

Focused shockwaves seem to have a more favorable outcome in relieving deep 
pain or chronic tendinitis [20, 21]; they can also be used in the occurrence of:

• Tendinopathies (plantar fasciitis, ulnar and radial epicondylopathy, rotator cuff 
tendinitis with or without calcifications, adductor syndrome, etc.)

• Impaired bone healing function (delayed healing, stress fractures, early stage of 
avascular bone necrosis, etc.)

• Muscular pathologies (myofascial syndrome, excluded fibromyalgia excluded)
• Impaired wound healing
• Spasticity

10.6  Whole Body Vibration (WBV)

WBV has gained popularity in geriatric rehabilitation in the past decade. It is con-
sidered a passive exercise modality in which patients lay, sit, or stand on a platform 
that delivers vibration stimuli to the rest of the body. The vibration signals activate 
the sensory receptors by changing the length of the muscle-tendon complex and 
causing reflexive activation of motor units. However, the biological and mechanical 
effects of WBV are not completely understood.
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WBV may induce positive effects on leg muscle strength, improving postural 
control and functional mobility among elderly adults, particularly frailer ones. 
Vibration therapy can also be used in multiple sclerosis, neuropathies, osteoporosis, 
and in case of pain (e.g., in women with fibromyalgia syndrome). WBV has also 
shown some positive effects on gait and balance in Parkinson disease [22–24].

Contraindications of WBV therapy are acute inflammations, infections, acute 
arthritis, severe cardiovascular diseases, heart failure, pacemaker, deep vein throm-
bosis, leg ulcers, pregnancy, spasticity, vertigo, severe headache, acute tendonitis, 
acute back pain, gliding spondylolisthesis, fractures, metal implants, severe osteo-
porosis, musculoskeletal metastatic tumors, serious ocular diseases, and fresh 
wounds.

10.7  Magnetotherapy

Magnetotherapy consists in applying artificial magnetic fields that are generated by 
electrical currents to the human body. Artificial magnetic fields used in PM have 
similar intensity to the earth’s, but with higher frequencies and longer time of 
application.

Magnetotherapy acts on cell membranes by the modification of cell permeability 
and the increase of intracellular metabolic exchanges; it has a biostimulating effect 
(increasing nucleic acid synthesis, cell metabolism, and the oxygen consumption) 
and an analgesic effect (suppressing the peripheral nociceptive stimuli, enhancing 
the production and the release of pain-inhibiting substances, and increasing periph-
eral blood circulation). Magnetotherapy also acts on autonomic system increasing 
the catecholamine or acetylcholine level and promotes bone trophysm by stimulat-
ing the bony callous formation. Therefore, the effects of magnetotherapy can be 
analgesic, anti-inflammatory, anti-edematous, and reparative.

Artificial magnets can be electromagnets that work when connected to electric-
ity, pulsed electromagnets generated by a brief pulse of electric current and con-
nected to a coil (Fig. 10.4), or permanent magnets. Magnetic fields are used with 
low or high intensity, in the ambulatory care or home setting for several hours per 

Fig. 10.4 Portable 
magnetotherapy with pulsed 
magnetic fields
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day. Instrument settings should be adjusted according to patient’s reactions; how-
ever, an increase in pain symptoms could signify a positive response to treatment.

Common indications for magnetotherapy are osteopenia, delayed fracture heal-
ing, posttraumatic algodystrophy, inflammatory or degenerative arthropathy, tro-
phic ulcers, etc.

Contraindications are pacemaker, hemorrhage, pregnancy, acute infection, and 
malignancy.

10.8  Electrotherapy

All electrical modalities used in Physical and Rehabilitation Medicine (PRM) take the 
electrical current flowing from a wall outlet and modify that current to produce a spe-
cific, desired physiologic effect in human biologic tissue [25]. Electrotherapeutic 
devices regardless of whether they deliver alternating (AC), direct (DC), or pulsatile 
(PC) through electrodes attached to the skin are transcutaneous electrical stimulators. 
When they introduced into biologic tissue, they are capable of producing specific 
physiologic changes [26]. The term waveform indicates a graphic representation of 
the shape, direction, amplitude, duration, and pulse frequency of the electrical current 
being produced by the electrotherapeutic device, as displayed by an oscilloscope [27].

Waveform shapes (Fig. 10.5) can be:

• Rectangular
• Square
• Spike
• Sinusoidal (sine)
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Fig. 10.5 Waveform shapes 
of pulsatile currents
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Knowledge of the electric properties of cells, intercellular and intracellular com-
munication, bioelectric potentials, tissue currents, strain-generated electric poten-
tials, and biologic effects of other nonionizing energy will be essential for the PRM 
specialists in order to use present and future electrical modalities for maximum 
clinical benefit [26].

Today PRM specialists are using electrical currents in an effort to provide a 
quick and effective pain management, tissue healing, and neuromuscular stimula-
tion. The treatment protocol must be tailored toward influencing the problems iden-
tified in the evaluation. Although electrotherapeutical procedures can provide 
dramatic results at times, this is the exception rather than the rule. Electrotherapy 
should not be used in a “shotgun” approach if we are to maximize the effectiveness 
of this modality. Usual electrotherapy treatment lasts 30 min for each session; it can 
be repeated two or three times a week for a total of 10/12 sessions [28–30].

10.8.1  Iontophoresis

Iontophoresis is a therapeutic procedure that involves the introduction of various 
ionized drugs into the skin by means of a direct electrical current for the purpose 
of transporting chemicals across the membrane [31]. Iontophoresis has several 
advantages is a painless, sterile, and noninvasive procedure that provides a high 
degree of compliance, acceptability, and has a positive effect on the healing pro-
cess. On the same time, it provides a high degree of patient compliance and 
acceptability, and it has been demonstrated to have a positive effect on the heal-
ing process. A primary advantage of iontophoresis is the ability to provide both 
a spiked and sustained release of a drug, thus reducing the possibility of develop-
ing a tolerance to the drug [32]. Transdermal iontophoresis delivers medication 
at a constant rate so that the effective plasma concentration remains within a 
therapeutic window for an extended period of time. Clinically, iontophoresis is 
used in the treatment of inflammatory musculoskeletal conditions, for analgesic 
effects, scar modification, wound healing and in treating edema, calcium depos-
its, and hyperhidrosis. The effectiveness of iontophoresis is directly related to the 
medication administered or the solution used for ion transfer. Each medication 
has its own effect, regardless of the method of application [33].

Contraindications of iontophoresis are pacemakers, epilepsy, malignancy, metal 
implants, gastritis or active stomach ulcer (hydrocortisone), skin sensitivity reac-
tions, skin wounds, asthma (mecholyl), and sensitivity to metals (zinc, copper, mag-
nesium) and seafood (iodine). The most common complication associated with 
iontophoresis is a chemical burn, which usually occurs as a result of the direct cur-
rent itself and not as a result of the ion being used in treatment. Heat burns may 
occur as a result of high resistance to current flow created by poor contact of the 
electrodes with the skin. During the treatment, the PRM specialist should closely 
supervise the patient, looking for either abnormal localized reactions of the skin or 
systemic reactions [34].
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10.8.2  Neuromuscular Electrostimulation (NMES)

NMES also known as electrical muscle stimulation (EMS), or electromyostimula-
tion, is a noninvasive method that, using the excitability of muscle cells, allows to 
induce muscle contraction by an electric current; this method can be applied either 
to a normally innervated muscle or to a denervated muscle [35].

The NMES is able to determine an increase in muscle strength. There are, how-
ever, uncertainties about the mechanisms, which are the basis of the changes that this 
kind of stimulation is able to determine [36]. Although NMES represents an artificial 
means of muscle activation that goes beyond the processes associated with the will, 
there is evidence showing how it can induce neuronal adaptations related to the force. 
And in fact it can be highlighted that there are improvements in strength that precede 
in time, the changes of the muscle size; a lower training intensity required, compared 
with that necessary for a voluntary training; and an increase in strength of the contra-
lateral untrained limb accompanying the increase in strength of the limb treated with 
NMES (phenomenon of cross education) [37, 38]. The therapeutic use of NMES is 
also important to limit the feelings of discomfort that may affect patient compliance 
to therapy. The problem linked to the tolerability of the treatment for the patient was 
object of many studies: the results showed large variability of response in order to the 
different types of current; therefore, the choice of the type of current must be deter-
mined case by case in order to obtain the maximum validity of the contraction with 
minimal discomfort [28, 39]. In addition, to get the maximum benefits from the 
NMES, the intensity of current used must be enough to evoke relatively intense con-
tractions. However, the minimum dosages of the currents, which determine the appro-
priate contraction forces for an effective muscle training, have yet to be determined.

In older adults the NMES can be integrated in rehabilitation programs of various 
conditions: atrophy ex non-usu, increase and maintenance range of motion, reduc-
tion of edema, muscle spasm or spasticity, increase muscle mass in sports and reha-
bilitation of the pelvic floor, muscle weakness in chronic progressive diseases or as 
a lower limbs strength training tool within rehabilitation programs in patients who 
are totally or partially immobilized, and prevention of venous thrombosis.

The main contraindications to the use of NMES are pacemaker, pregnancy, phle-
bitis, myositis, myasthenia, muscular dystrophy, and skin wounds [40]. Today many 
people confuse transcutaneous electrical nerve stimulation (TENS) with 
NEMS. NEMS and TENS devices look similar, with both using long electric lead 
wires and electrodes. TENS is for blocking pain, where NEMS is for stimulating 
muscles.

10.8.3  Transcutaneous Electrical Nerve Stimulation (TENS)

TENS is a non-pharmacological method, which is widely used for the management of 
acute and chronic pain in a variety of conditions. TENS is a noninvasive, inexpensive, 
and safe intervention, defined by the American PRM Association as the application of 
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an electrical stimulation to the skin for pain management. The Food and Drug 
Administration (FDA) has approved TENS as a method of pain alleviation and classi-
fied it as class II device in 1972 [41]. The most popular theory to explain the mecha-
nism of action of TENS is “gate control theory” of pain proposed by Melzack and 
Wall in 1965. They suggested that TENS stimulates large-diameter A-β fibers induc-
ing an inhibition of substantia gelatinosa interneurons, localized in the spinal cord. 
The result is a repression of smaller A-δ and C pain fibers, with consequent presynap-
tic inhibition of the T-cells, closing of the “gate,” and control of pain perception [42]. 
In 1977, Mayer et al. investigated the “opioid theory” as a second explanation for the 
mechanism of action of TENS. They hypothesized that naloxone, an opioid receptor 
antagonist, blocks the analgesia produced by low- frequency electroacupuncture 
(<10 Hz), suggesting that it works through the release of endorphins [43].

TENS devices are small portable contraptions powered by rechargeable or 
replaceable batteries, based on a one- or two-channel mode (Fig. 10.6). The unit is 
usually connected to the skin using two or more electrodes. A typical battery- 
operated TENS unit is able to modulate pulse width, frequency, and intensity. 
Generally TENS is applied at high frequency (>50 Hz) with an intensity below 
motor contraction (sensory intensity) or low frequency (<10 Hz) with an intensity 
that produces motor contraction.

Fig. 10.6 TENS device
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Electrodes of 4–30 cm2 size can deliver current as biphasic, spike (Fig. 10.7a) or 
rectangular, symmetric (Fig. 10.7b), or asymmetric (Fig. 10.7c) waveform. The 
presence of the negative wave prevents accommodation of nervous fibers so that 
current cannot induce membrane damages.

The correct placement of the electrodes represents one of the reasons of the 
successful treatment. The correct sites of application depend on the variety of 
clinical and individual conditions. The electrodes can be positioned on trigger 
points (Fig. 10.8a, b), tender points, peripheral nerve, dermatomes, spinal nerve 
roots, motor points, and acupuncture points. Depending on the location of the 
painful area, the electrodes can be placed transversely, longitudinally (Fig. 10.8c), 
in a crossed manner (Fig. 10.8d), contralaterally, in a transarticular, or in a “Y” 
piggyback position [44, 45].

a b c

+
-

Fig. 10.7 (a) Spike wave, 
(b) symmetric rectangular 
wave, (c) asymmetric 
rectangular wave

a b

dc

Fig. 10.8 (a) Trigger points for ankle pain, (b) trigger points for cervico-brachial pain syndrome, 
(c) longitudinal disposition, (d) crossed disposition

10 Physical Therapy Modalities for Older Persons



88

TENS can be effective in management of acute post-operative pain. Many high- 
quality studies have demonstrated the analgesic effect of TENS in acute post- 
operative pain and the advantage of simple positioning of the electrodes sidelong 
the surgical wound. The reported placebo effect of TENS is between 20% and 40% 
and the analgesic effect between 70% and 85%.

Nowadays, the main indications of TENS include: sports injuries, acute neck 
pain, low back pain, dysmenorrhea, etc. In adulthood, TENS is used in pain related 
to TMJ disorders and during the dental treatment of root canal and dental extraction. 
Several studies evaluated the role of TENS in the treatment of chronic pain, in par-
ticular in rheumatoid arthritis, myofascial pain, neuropathic pain, and low back pain 
[46–48]. TENS can also improve obstetric, oncologic, and cardiac pain. Treatment 
modes of TENS for pain relief are resumed in Table 10.3 (Fig. 10.9).

TENS is contraindicated in patients with cardiovascular problems (cardiac pace-
maker), venous or arterial thrombosis, cancer, various dermatological conditions, 
bleeding disorders and in pregnant women. In patients with epilepsy, TENS should 
be used carefully; the electrodes should not be positioned over the neck or head 
[49]. Recently, a new type of transcutaneous electrical stimulator has gained popu-
larity that uses current intensities too small to excite peripheral nerves. The most 
common term used to describe these generators is microcurrent electrical nerve 

Table 10.3 Common treatment modes of TENS for pain relief

Mode
TENS 
characteristics Advantages Disadvantages

Duration of 
treatment

Conventional Frequency: 
10–100 Hz
Intensity: low 
to medium

Comfortable
Fast action 
(10–15 min)
Acute or chronic pain

Accommodation 30 min to 
hours

Strong low rate 
or acupuncture 
like

Frequency: 
10 Hz
Intensity: high

Medium lasting pain 
relief

Muscle spasms
Fatigue

30–60 min

Brief intense Frequency: 
60–150 Hz
Intensity: high

Fast action
Long lasting (6 h)
Accommodation: rare

May not be effective 
for chronic pain
Muscle spasms

15–30 min

Burst Frequency: 
60–100 Hz
Intensity: low 
to high

Long lasting analgesia
More comfortable 
than low-frequency 
TENS
Small adaptation

Pain
Fatigue

30–60 min

Modulated Frequency: 
Pulse duration 
and amplitude 
are modulated
Intensity: low 
to high

Comfortable
Fast action
Small adaptation
Acute or chronic pain

May have shorter 
lasting effects
May be 
uncomfortable

20–40 min

Hyperstimulation Frequency: 
1–100 Hz
Intensity: high

Comfortable
Accommodation: rare

Slow acting 20–60 min
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stimulators (MENS). Most recently the term MENS has been replaced by the new 
term low-intensity stimulation (LIS) [50].

Electroacupuncture uses low-frequency, high intensity electrical stimulation, 
applied on the traditional acupuncture points, to determine muscle contraction and pain 
relief. This technique is commonly used for acute musculoskeletal disorders [51].

10.8.4  Interferential Current (IC)

The use of IFC has been introduced by an Austrian scientist, Ho Nemec, who sug-
gested the concept and its therapeutic use.

To produce IFC two generators are used. One generator has a slightly slower or 
faster frequency than the other one, and they simultaneously begin producing cur-
rent. Initially, the electric waves will be constructively summated; however, because 
the frequencies of the two waves differ, they gradually will get out of phase and 
become destructively summated. When any waveforms are out of phase but are 
combined in the same location, the waves will cause a beat effect. The blending of 
the waves is caused by the constructive and destructive interference patterns of the 
waves and is called heterodyne.

The biological effects of IFC are mediated by endorphins, enkephalins, and pain 
gate mechanisms [52, 53]. When applying IFC, the PRM specialist should select the 
frequencies to create a beat frequency corresponding to his or her choices of fre-
quency when using other stimulators. Frequencies of 0–10 pulses per second (pps) 
can be used to produce small pulsating contractions of innervated muscle. 
Frequencies of 20–50 pps should be high enough to produce tetanic contractions of 
innervated muscle, 50–120 pps for pain management, and 1 pps for pain relief. 
Despite the deeper penetration, higher pulse rates, and greater intensities of IFC, it 
is proven that compared with other forms of electrical stimulation with different 
waveforms, it is less effective.

The main indications of IFC are in muscle spasms, in nonunion fractures, in 
reducing of spasticity, in edema, and in wound healing. The effectiveness of IFC in 
management of acute and chronic pain is explained with activation of the 

Fig. 10.9 TENS treatment 
for lumbar pain
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larger- diameter peripheral nerve fibers to subsequently neuromodulate pain through 
a spinal gating mechanism.

Contraindications of IFC are the same as TENS (Fig. 10.10) [54].
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11.1  Structural and Molecular Markers of Muscle Weakness 
and of Recovery Induced by h-b FES

Helmut Kern, Stefan Loefler, Christian Hofer, Sandra Zampieri, Winfried Mayr, 
Simona Boncompagni, Feliciano Protasi, Rosario Rizzuto, Marco Sandri, Antonio Musarò, 
Stefano Masiero, Amber Pond, Francesco Piccione, Andrea Marcante, Ugo Carraro

Aging is an unavoidable process, if lethal diseases do not prematurely end survival. 
A final evidence of this obvious concept has been recently provided by Gava et al. 
[1], describing the power decay of the series of world records obtained by master 
athletes (from 30 to 100 years). Skeletal muscle power begins to decline at the age 
of 30 years and continues, almost linearly, to zero at the age of 110 years. During 
aging, many factors contribute to the decline of the skeletal muscle, including sub-
clinical and reversible muscle denervation/reinnervation [2]. Recently, we added 
evidence that denervation contributes to atrophy and slowness of aged muscles by 
comparing muscles of lifelong active seniors to those of sedentary elderly people. 
We found that the sportsmen have more muscle mass and slow fiber groupings, 
providing in this way evidence that physical activity maintains slow motoneurons, 
which reinnervate muscle fibers [3–5]. A premature muscle atrophy/degeneration 
occurs in irreversible and complete conus and cauda equina syndrome consequent 
to a lumbar/sacral spinal cord injury, determining a complete loss of muscle fibers 
within 5–8 years [6–8].

The impact of muscle denervation on aging skeletal muscle fibers is a relatively 
orphan topic [9, 10]. This is related in part to the difficulties in determining by 
molecular approaches whether motoneurons release chemical neurotrophic agents 
to the muscle fibers of the motor units. It is well known that such mechanism con-
tributes to neuromuscular junction development and maintenance. However, if and 
which chemical trophic factors influence the synchronized expression of the hun-
dreds of nuclei belonging to a single muscle fiber remains a subject of hypotheses. 
The synchronized spread of muscle action potential seems to be, on the contrary, a 
more rational mechanism [11]. On the other hands, the conclusions of recent reviews 
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[8, 9, 12] are that FES is poorly used in rehabilitation of elderly patients. Aging 
skeletal muscle presents both a loss of muscle mass and a conspicuous reduction in 
myofiber plasticity [9, 12–14] and alterations in muscle-specific transcriptional 
mechanisms. During the aging process, protein synthetic rates decrease, and an 
increase in protein degradation follows [15, 16], affecting muscle fibers [17]. It is 
generally recognized that an ineffective damage repair is a contributory cause of 
functional impairment during aging [18–20] and promotes the detrimental replace-
ment of functional contractile muscle with fibrous tissue [17]. Volitional physical 
exercise can reverse these damaging processes. Interestingly, it has been shown that 
both acute and prolonged resistance exercises stimulate the proliferation of satellite 
cells in healthy sedentary elderly subjects [21]. This fact may be explained by the 
increased levels of myostatin, a negative regulator of muscle mass. An increase in 
autophagy in the muscle of athletic people has been reported, suggesting that exer-
cise may activate an important system that detoxifies muscle cells [22]. Another 
important factor that is associated with physical exercise is insulin- like growth fac-
tor 1 (IGF-1) [23]. The evidence suggests that training and regular exercise can 
increase muscle strength and attenuate sarcopenia by modulating expression of 
autophagy, myokines (IL-6), and IGF-1 [24].

Unfortunately, elderly people may be unable or reluctant to adequately partici-
pate in physical exercise. We therefore suggested that FES could be an alternative 
approach. A stimulator for neuromuscular electrical stimulation (ES), which espe-
cially suits elderly people requirements, was designed. As detailed in Kern et al. 
[15], older persons were exposed to regular neuromuscular ES training for a period 
of 9 weeks, starting two times a week for the first 3 weeks and then switching to 
three times a week for the next 6 weeks, for a total amount of 24 training sessions 
(3 × 10 min for each session). After detailed instructions, ES training was performed 
by the subjects themselves at home, using a two-channel custom-built battery- 
powered stimulator [25]. The subjects applied two conductive rubber electrodes 
(9 × 14 cm, 126 cm2) which were attached to the skin by wet sponge on the anterior 
thigh on both sides (left/right). The electrode pairs for the left and right thigh were 
connected to the two channels of the stimulator. This allowed independent activa-
tion of the left and right thigh muscles, which were alternatively stimulated. Each 
repetition (muscle contraction) was evoked by a 3.5 s train (60 Hz) of electrical 
pulses (rectangular, biphasic, width 0.6 ms). Consecutive contractions of the same 
thigh were separated by 4.5 s off intervals. In this study, constant voltage stimula-
tion devices were applied. The subjects were also instructed to increase the stimula-
tion intensity until their maximal tolerance was reached. Using this intensity, a full 
knee extension was achieved in all subjects. Nevertheless, the applied current and 
voltage were recorded by the stimulation device for each training session (the mean 
stimulation current was 128 ± 16 mA and voltage of 39 ± 14 V). The outcome was 
an increase in muscle strength, associated with an increase of fast fibers, which are 
the first to respond to ES and are related to the power of the skeletal muscle [14, 15]. 
We found that ES increases expression of IGF-1, the markers of satellite cell prolif-
eration and extracellular matrix remodeling, downregulating the expression of pro-
teases [14, 58]. There is also a collagen remodeling during both volitional physical 
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exercise and ES. Three different forms of collagen are upregulated in electrically 
stimulated muscle [14, 15], but the increase in collagen does not likely stimulate 
fibrosis, as is shown by both morphological evidence and the increase in expression 
of miR29 [26]. The INTERREG IVa project recruited sedentary seniors with a nor-
mal lifestyle who were trained for 9 weeks with ES. Functional tests of trained 
subjects showed that ES induced improvements of leg muscle strength and mobility 
[27, 28]. ES significantly increased the size of fast-type muscle fibers and the num-
ber of Pax7- and NCAM-positive satellite cells. Moreover, no signs of muscle dam-
age and/or inflammation were observed in muscle biopsies [14, 15]. Altogether, the 
results here summarized demonstrate that physical exercise, either voluntary or 
induced by ES, improves the functional performance of aging muscles. Of course, 
physical training can’t stop the aging process, but ES is a safe home-based method 
that is able to counteract atrophy of fast-type muscle fibers.

Age-related muscle power decline is partially attributable to a loss of innerva-
tion, and it can be delayed by a lifelong high-level activity [3–5]. Diseases involving 
permanent denervation show a similar, but premature, aging process and a much 
more severe muscle deterioration. Despite doubts and criticisms of related literature 
[29, 30], we have shown that, with appropriate protocols, h-b FES can even inhibit 
degeneration of denervated muscle and even reverse it [31–33]. Therefore, the use 
of h-b FES should be extended in critical care units, rehabilitation centers, and nurs-
ing facilities and at home of elderly persons in presence of peripheral nerve lesions 
to improve hopefully muscle reinnervation [34–37].

11.2  FES for Partially Denervated Muscle and FES Protocols 
for Training of Denervated–Degenerated Skeletal 
Muscle

Helmut Kern, Christian Hofer, Stefan Loefler, Sandra Zampieri, Winfried Mayr, 
Simona Boncompagni, Feliciano Protasi, Amber Pond, Francesco Piccione, 
Andrea Marcante, Ugo Carraro

Functional electrical stimulation (FES) was introduced more than 50 years ago to 
identify those applications of electrical currents to organs and tissues of humans and 
other large mammals to obtain responses mimicking and/or restoring lost functions 
[38]. Spinal cord injury causes loss of functions and muscle wasting, which are 
especially severe after lower motor neuron (LMN) lesions. During the last decades, 
a great attention has been paid to denervated muscles, numerous studies focusing on 
the changes in gross anatomy, mechanical properties, and potential for reinnerva-
tion of skeletal muscle when the lesions involve the LMN. Results in literature are 
at best contradictory, and claims suggest that electrical stimulation of partially 
denervated muscles may even interfere with nerve regeneration [7]. During the last 
decade, we studied the effects of physical exercise induced by FES in spinal cord 
injury (SCI) with complete conus and cauda equina syndrome, in which denervated 
leg muscles are permanently and completely disconnected from the nervous system. 
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Denervated human muscles become refractory to the electrical stimulation devel-
oped by the common electrical devices and undergo ultrastructural disorganization 
within few months, while severe atrophy with nuclear clumping and fibro-fatty 
degeneration appears within 3 and 6 years [8, 9]. To counteract these progressive 
changes, a novel therapy concept for paraplegic patients with complete LMN dener-
vation was developed in Vienna: the home-based FES (h-b FES) for denervated–
degenerated muscles. New electrodes and a safe stimulator have been designed to 
reverse severe atrophy by delivering high-intensity (up to 2.4 J) and long-duration 
impulses (up to 150 ms) to stimulate contractions in long-term denervated skeletal 
muscle fibers. A specific clinical assessment and training, based on sound evidence 
from animal experiments, was developed at the Wilhelminenspital in Vienna, 
Austria. After 2-year training using h-b FES, the patient showed (1) significant 
increase of muscle mass and myofiber size with striking improvements of the mus-
cle ultrastructural organization; (2) recovery of tetanic contractility with significant 
increase in muscle force output, during electrical stimulation; and (3) capacity to 
perform FES-assisted stand-up and stepping-in-place exercise. In conclusion h-b 
FES of permanent denervated muscle is an effective home therapy that results in 
rescue of muscle perfusion, mass, and function. Additional benefits are reduced leg 
edema, prophylaxis of thromboembolism, and enhanced cushioning effect for seat-
ing [32]. In our clinical experiences, nerve regrowth is not inhibited by FES of 
partially denervated muscles. On the contrary, we observed sensory or motor rein-
nervation (or both) during the application of high intensive stimulation training even 
2–5 years after injury [39]. The complex response of muscle tissue to denervation is 
one of the most studied processes in muscle physiology and pathology. One of the 
important conclusions of pioneering studies is that, after a certain period of time 
(6 months in the rodents), denervated muscle undergoes some irreversible changes 
that inhibit its full restoration even after reinnervation. Findings from different 
experimental models, including free autotransplant, led to the same conclusion: 
after 2–7 months of denervation the restorative capacity of the muscle declines pro-
gressively in rat [40]. These observations were translated to the macroscopic behav-
ior of the denervated human muscle and its potential for reinnervation, establishing 
a dogma that continues to negatively influence clinical management of denervated 
muscle. Despite countless published results [41], our recent studies in animal mod-
els and humans are enlightening several unrecognized characteristics and behaviors 
of the complex processes that occur during permanent LMN denervation of the 
human muscle tissue. These results are strengthening the rational basis of FES to 
maintain/recover permanently LMN denervated muscles. Some of the effects of 
long-lasting (in terms of years) LMN denervation of the human muscle we recently 
described were unexpected. In contrast to the well-known rodent model, the LMN 
denervated human muscle presents simple atrophy up to 1 year after SCI [7]. On the 
other hand, the characteristic denervation-induced muscle fiber disorganization in 
the atrophying muscle, documented by electron microscopy, occurs much earlier 
[7]. The ultrastructural disorganization of the muscle fibers that appears much ear-
lier than severe atrophy in both animal models [42, 43] and humans [6, 7, 32, 44] 
explains the early functional impairments of the LMN denervated muscle. Until 
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today, muscles of the extremities in conus and cauda equina syndrome were com-
monly not treated with FES, because it was widely recognized that long-term and 
completely denervated muscles cannot be effectively stimulated. On the other hand, 
our studies in animal models and humans indicate that (1) severe atrophy does not 
occur in rats for at least 3–4 months [40, 41]; (2) in rabbit, the degeneration of 
muscle tissue does not appear in the first year after denervation [43]; and (3) muscle 
tissue degeneration starts from the third year onward, in humans [32, 33, 42, 44]. 
Our findings that the long-term denervated rat muscle maintains L-type Ca2+ cur-
rent and gene expression of the related proteins longer than functional contractile 
machineries [45] provide the molecular, structural, and functional rationale of a 
rehabilitation training for human permanently denervated muscles, which was 
developed as a result of empirical clinical observations [32]. The FES device stimu-
lates muscle fibers in the absence of nerve endings and after prolonged denervation, 
determining (1) restoration of muscle fiber ultrastructure, (2) recovery of conduc-
tion velocity of the excitation–contraction apparatus up to a level that allows tetanic 
contraction, and (3) the maintenance/recovery of muscle mass and fiber size. Before 
this, electrical stimulation was believed to be effective only when started very early 
after LMN lesion, and FES was used only to delay muscle atrophy, since long-term 
denervated muscles (6 months onward) do not respond, when stimulated by surface 
electrodes and standard commercial electrical stimulators developed for innervated 
muscles. The results of the EU RISE Project [32, 33, 42, 44], and of the related 
animal research [43, 45], provide different perspectives.

11.2.1  Stimulation Devices and Electrodes

During the last 20 years, clinicians and engineers developed in Vienna novel reha-
bilitation concepts for paraplegic patients with complete LMN denervation of the 
lower extremity due to complete lesion of the conus and cauda equina. To counter-
act the progressive changes that transform muscle into an unexcitable tissue, these 
new rehabilitation managements became possible due to the development and opti-
mization of new stimulation devices for h-b FES. They have been specifically 
designed to reverse longstanding and severe atrophy of LMN denervated muscles 
by delivering high-intensity and long-duration impulses that can directly elicit con-
traction of denervated skeletal muscle fibers in absence of functional neuromuscular 
endplates. These new stimulators and the large surface electrodes needed to cover 
large denervated muscles were developed by the Center of Medical Physics and 
Biomedical Engineering at the Medical University of Vienna, Austria [46–48]. 
Based on these prototypes, an electrical stimulator for denervated muscle is now 
commercially available, the “Stimulette den2x” of the Schuhfried Medizintechnik 
GmbH, Vienna, Austria [49]. Patients were provided with stimulators and electrodes 
in order to perform stimulation at home for 5 days per week. Large (180 cm2) elec-
trodes (Schuhfried Medizintechnik GmbH, Mödling, Austria) made of conductive 
polyurethane were placed on the skin surface using a wet sponge cloth (early train-
ing) and fixed via elastic textile cuffs. As soon as the skin was accustomed to the 

H. Kern et al.



99

necessary high current density, gel was used under the polyurethane electrodes to 
achieve minimal transition impedance. The electrodes were flexible enough to 
maintain evenly distributed pressure to the uneven and moving skin, thus providing 
homogeneous current distribution throughout the entire contact area. In parallel, 
specific clinical assessments and training settings were developed at the 
Wilhelminenspital Wien, Austria [50–54].

11.2.2  Training Protocol

Details of the four phases of this rehabilitation strategy are summarized in 
Table 11.1 and Fig. 11.1. The rehabilitation training for complete denervated mus-
cles was validated by the clinical outcome, strongly supported by the results 
obtained from light and electron microscopy muscle biopsies’ analyses performed 
in Padua and Chieti Universities (Italy), respectively, and described by Kern et al. 

Table 11.1 FES training of relatively short-term denervated (1–2 years) human muscles (Adapted 
from Kern et al. Neurorehabil Neural Repair. (2010); 24:709–21)

Training time 
(months)

Functional 
class Stimulation parameters Training parameters

3–4 I or II 120 ms ID/500 ms IP; 5 s SD/2 s 
SP
40 ms ID/10 ms IP; 3 s SD/3 s 
SP

5 × 3 min 5 d/week
3 × 3 min 5 d/week

5–6 II or III 120 ms ID/400–500 ms IP; 5 s 
SD/1 s SP
40 ms ID/10 ms IP; 3 s SD/3 s 
SP

5 × 4 min 5 d/week
3 × 3 min 5 d/week

6–8 III 120 ms ID/400 ms IP; 5 s SD/1 s 
SP
40 ms ID/10 ms IP; 3 s SD/3 s 
SP

5 × 4 min 5 d/week
3–4 × 3 min 5 d/
week + ankle weight 2×/
week

8 III or IV 120 ms ID/400 ms IP; 5 s SD/1 s 
SP
40 ms ID/10 ms IP; 
continues + switch

5 × 4 min 5 d/week
Stand-up–sit-down exercise
Stand-up–stepping–sit-down 
exercise

16 V 120 ms ID/400 ms IP; 5 s SD/1 s 
SP
40 ms ID/10 ms IP; 
continues + switch

5 × 4 min 5 d/week
Walking exercise

Functional Classes
0 No torque measureable, no contraction/twitch visible
I No torque measureable, but contraction/twitch visible
II Torque measured between 0.1 and 2.9 Nm
III Torque measured more than 3.0 Nm, but not able to stand
IV Able to stand in parallel bars/standing frame
V Able to walk with an aid
ID impulse duration, IP impulse pause, SD stimulation duration, SP stimulation pause, d days, rep 
repetition in one set of stimulation

11 Functional Electrical Stimulation of Skeletal Muscles in Aging and Premature Aging



100

in his longitudinal prospective study [32]. The training strategy consisted of two 
progressive stimulation programs (Fig. 11.1), and positive changes and effects of 
FES on structural, functional, histological, and ultrastructural parameters were 
described in detail by Kern et al. in 2010 [32]. FES treatment can be integrated 
into daily life of patients without too much interference on their daily activities. 
The reduction of leg edema [55], the improved cosmetic appearance of lower 
extremities, the enhanced cushioning effect for seating, and the ability to perform 
home exercises are additional effects of FES. We are thus confident that it will be 
possible to translate into a wider population of diseased subjects and to aged 
people the knowledge of our interdisciplinary group of European scientists and 
clinicians. In fact, current studies suggest that electrical stimulation of the LMN 
denervated muscles could be extended to patients with incomplete lesions or 
elderly persons and could reduce secondary complications related to disuse and 
impaired blood perfusion (reduction in bone density, risk of bone fracture, decu-
bitus ulcers, and thromboembolism) [55–57].

+ max

I (mA,V)
ID 150 ms / IP 400 ms

ID 80 ms / IP 400 ms

ID 36 ms / IP 10 ms

ID 36 ms / IP 10 ms

– max

0

+ max

I (mA,V)

– max

0

+ max

I (mA,V)

– max

0

+ max

I (mA,V)

– max

0

0 1 2 3 4 5 6 7 9 8 10
t (s)

Fig. 11.1 Parameters for progressive home-based functional electrical stimulation (h-b FES) 
training of long-term fully denervated human muscles. Figure shows a sample of a progressive 
FES training according to the described training in Table 11.1. It starts with bursts of a stimulation 
duration (SD) of 4 s and a stimulation pause (SP) of 2 s containing impulses with an impulse dura-
tion (ID) of 150 ms and an impulse pause (IP) of 400 ms for 4 months (it can be reduced if the time 
of denervation is under 6 months) to activate poor denervated muscle fibers. According to the 
enhanced activation, the ID can be reduced to 80 ms and SD increased to 5 s for another 4 months 
approximately. The next training phase implements tetanic bursts of 3 s SD and 3 s SP with 
impulses of 36 ms ID and 10 ms IP to increase muscle fiber diameter, muscle mass, density, and 
force, with leg extensions with and without additional weights on the ankles of the patients. If a 
good condition is achieved, depending not only to the training but also to the time span of denerva-
tion, standing, stepping-in-place, and walking exercises can be performed with continuous stimu-
lation (controlled by an external switch) with 36 ms ID and 10 ms IP
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12.1  Background

Occupational therapists, by virtue of their name (at least in English) and their his-
tory, have always been concerned with occupation, also called “meaningful activ-
ity.” This concern has taken two forms: occupation as means and occupation as 
goal. The former, often captured under the rubric “therapeutic use of activity,” has 
been a focus of occupational therapy1 (OT) for most, if not all, of its history.

The latter, however, captured under the rubric “occupation-based practice,” only 
became a major focus of practice at the end of the twentieth century. For much of its 
history, OT’s use of occupation, or meaningful activity, was from within a medical 
paradigm, with the aim to improve outcomes for individuals suffering from diseases 
or disorders through the therapeutic use of activity [1].

12.2  Introduction

An elderly person carries with them their sense of being and doing, even with the risk 
of unexpected fragility [2] that comes with aging, and the limitations associated with 
it. Every elderly person has their own personal life course that has contributed to their 
current situation by the very nature of their past decisions. For example, as we see in 
the ecological model [3], the way in which each person experiences aging changes 
according to differences found in everyday situations, social and economical status, 
gender, and type of housing. The positive and negative events that shape the normal 
trajectory of life is modeled by the cultural environment, composed of socioeconomic 
conditions, career choices, health status, family relationships, and friendships.

Becoming aware early of this—that these factors need to be faced in life— 
creates an opportunity for an ongoing preparedness through a process of experien-
tial engagement.

1 “Occupational Therapy” is the term used in Italy and in Anglo-Saxon countries. Ergoterapia/
Ergothérapie is the term used in Switzerland and in various other countries. The two terms, how-
ever, refer to the same health-care profession. It is derived from the Greek term ergein (do, work, 
act). In textbooks both terminologies can be found.
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12.3  The Salutogenic Model and Occupational Therapy

Modifying one’s lifestyle in the salutogenic [4] perspective enhances one’s own 
sense of self, finding the resources and the capacity for a productive transformation, 
fruitful even in old age.

One can easily understand that the value of looking ahead, to both see yourself 
and what is beyond, is an internal, personal development that involves receptive 
listening. According to the salutogenesis theory, everyone has some creativity and 
ability to grow, even when faced with social isolation, or being under-stimulated, 
which may take away their desire to continue engaging in life. This valuable ability 
to self-reflect helps people to successfully understand others and be understood 
themselves. This personal ideal is a motivator to help actualize and contribute to 
their quality of life and their overall well-being. This transforms and shapes the 
meaningfulness of activities that the elderly person needs or wants to do, not only in 
the present time but also for the future.

So the salutogenic approach can be a theoretical basis for health promotion in the 
“health-ease versus disease” continuum to ensure that the person will become ever-
more the protagonist of their personal health project.

This perspective is at the heart of occupational therapy (OT).
The philosophy of modern geriatrics teaches that the care plan of the elderly person 

should include a careful, multidimensional analysis that covers both the biomedical 
and the psychological, cognitive, functional, social, personal [5], and spiritual aspects. 
It is crucial for health-care professionals to have a holistic view of the complexities [6] 
of the person in a therapeutic relationship built on direct contact and trust.

Consequently, each rehabilitative, preventative, informative, and salutogenic 
approach of OT fits well with palliative care too, in effectively supporting the aging 
process. The concept of “healing” is similar in that it involves a process of adaptation, 
a coming to terms with and accepting of things and events as they are, and not being 
in another state of mind, but instead discovering the breadth of personal resources that 
one has at their disposal. This mindfulness transforms the situation into a process of 
self-awareness that has direct and immediate effects on health and well-being [7].

By spending a few words on palliative care, it is useful to reiterate that the 
emphasis changes from “cure” to “care.” This sensitive and welcoming approach 
changes, therefore, the care plan to include empathy and trust and collaboration 
with the elderly person and their family.

12.4  The Role of Occupational Therapy in Elderly Care

Occupational therapists take into account this fragility and solitude of the elderly, 
who find themselves at the crossroad between their past life and the onset of disease. 
Occupational therapists emphasize the expectations on the part of the family, soci-
ety, and the elderly person themselves, as to what is their reality in aging. This 
enables the elderly to appreciate the things that give them enjoyment and are mean-
ingful to them, despite their disability.

12 The Contribution of Occupational Therapy: A Profession in Support of the Elderly
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OT has always known this fact in dealing with people and their everyday prob-
lems, strengthening their autonomy and will to live. OT supports the elderly in their 
needs and desires, by helping them maintain their roles in society and therefore their 
place in life. OT restores identity and makes elderly clients feel that they are first 
seen as a person by health-care practitioners, so that they are still viewed as some-
one who participates, who takes decisions, and who lives moments to the fullest, 
authentically, even in the brevity of life (when symptoms prevent them from com-
pleting complex tasks due to a lack of energy or because the activity could aggravate 
their already precarious health even further) [8]. The elderly person is set at the 
center of their therapeutic process so that the likelihood that their personal goals are 
achieved increases. For OT, this relationship is essential, which brings meaning and 
planning to tasks, anticipates potential complications, maintains motivation, helps 
preserve important relationships, promotes compensatory and rehabilitative strate-
gies, and fosters the right environment. This way the elderly client is able to engage 
in and maintain their roles and responsibilities, denoted in OT as their “occupational 
performance.” The professional skills of OT also include the ability to measure 
results in terms of satisfaction in their participation.

Naturally, we cannot just dwell on the person with their needs and desires, main-
taining and/or regaining their independence, since each person is placed in a physi-
cal and social context of limited resources. The occupational therapist must 
collaborate in an interprofessional and consultative process [9]. As described in the 
code of ethics of the World Federation of Occupational Therapists, there is a recog-
nized need for interdisciplinary collaboration that respects the specific contributions 
of other professional groups [10]. A consultative process means that there is inter-
professional, simultaneous, collaborative agreement [11] between the programming 
of daily and weekly activities of the client and their family to ensure a healthy work/
rest balance and a conservation of energy.

12.5  The Scope of Occupational Therapy Assessment 
and Intervention

The elderly client learns strategies and techniques to lighten the load of occupations 
(meaningful activities) during the day and is taught ergonomics applicable to them 
to avoid pain and overload and to prevent falls. They are also taught (or re-taught) 
how to complete everyday tasks that they need and want to do, as well as being 
taught how to promote and/or maintain cognitive functions (memory, attention, con-
centration, problem-solving, etc.). The resumption of leisure activities is encour-
aged, such as participating in hobbies and physical activities that were once of 
interest to the elderly client, as well as generating new interests that better suit their 
current realties. Expressive, creative activities may be suggested as well with the 
goal of finding and communicating a personal sense of being, so that confidence and 
self-esteem may grow [9].
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As can be seen, finding the right balance between the person, their environment 
and occupations are essential to promote the well-being of elderly clients during 
typical, everyday situations. This is true across all care settings, from acute care to 
being discharged home or to a long-term care facility. In summary, the Person- 
Environment- Occupation (PEO) theoretical model by Dr. Mary Law [12] and col-
leagues follows the holistic view of helping the client, along with their family and 
friends, to engage in an active therapeutic process.

The occupational therapist demonstrates clinical reasoning by taking into account 
the scientific literature in the geriatric field. The knowledge translation (KT) of sci-
entific information is a multistage process that includes the collection, evaluation, 
summary, and sharing of scientific knowledge on a specific topic to the end user. 
Best practice is sought to inspire the professional practice to provide material to be 
discussed with the person and to determine together the application of the best prac-
tice techniques that are presented in the literature. In fact, the Canadian Institutes of 
Health Research defines knowledge translation as a dynamic and iterative process to 
include “… the exchange, synthesis and ethically-sound application of knowledge - 
within a complex system of interactions among researchers and users - to accelerate 
the capture of the benefits of research … through improved health, more effective 
services and products, and a strengthened health-care system” [9].

KT has always been a principle that is naturally integrated into the objectives of 
OT clinical practice via the consistent interaction with their clients and families [13].

According to the broad and solid scientific basis, the importance of having an 
occupational therapist within each rehabilitation team is clearly evidenced. Their 
specific knowledge can contribute and enrich the team by implementing the human 
aspect and interdisciplinary nature of the care plan. By including OT in the thera-
peutic and diagnostic treatment plan, their specific professional competences will 
favor the continuity of care throughout the network of services, supporting the 
elderly and their family during strenuous periods of adaptations and changes in 
routines that are necessary due to a disease or illness.

For these reasons, OT will provide a sound assessment practice, with the aim of 
identifying a truly individualized therapeutic project adapted to every level of dif-
ficulty of each client.

 Conclusion

OT, therefore, is a powerful therapeutic discipline: preventing occupational 
deprivation (complete loss of participating in activity, with a gradual and inexo-
rable social isolation) and the subsequent sensory deprivation. The profession 
seeks to avoid/reduce the client’s dependency on social assistance and therefore 
the economic costs associated with it.

OT uses rigorous conceptual models from the scientific point of view, but with 
flexibility from the practical point of view. The therapeutic process begins with a 
discussion centered on the narrative of the client’s own personal and occupational 
history, and then, through clinical reasoning, it will proceed to the core of OT: 
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going from assessment to occupational rehabilitation. This is explicit in the recov-
ery and reinforcement of “a group of activities that have a personal meaning, that 
are culturally important and support the person to participate in a given social 
context” [14]. “Occupation is always evaluated and interpreted within a given 
context” [14]. This statement leads us to emphasize, in conclusion, one of the 
themes that is the cornerstone of OT: occupation does not have meaning when it 
is placed out of context, in an artificial or contrived way, but must always be incor-
porated simultaneously into various types of environments [14].

OT will not only become an explorer of the person’s abilities but will support, 
to the fullest potential, the personal search inside each client for their own per-
sonal resources and capabilities to reinvent themselves. This allows the elderly 
person to find and/or recover the needed energy for the resolution of problems 
related to their occupations.
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13The Hand and the Occupational Therapy

F. Romagnoli and S. Tocco

The hand is the primary tool with which the human being relates with its environ-
ment and other living beings. Some see the hand as an extension of the brain, as 
both evolved into highly specialized organs throughout the ages. The insurgence of 
pathologies or trauma sustained to the distal aspect of the upper quadrant can have 
extremely negative repercussions on a person’s life.

The hand, seen as the ultimate extension of the upper extremity, is in fact ana-
tomically and functionally connected to everyday gestures. For this reason, special-
ized therapy of the hand was developed since the 1970s in the USA by a group of 
therapists which later formed the American Society of Hand Therapists (ASHT).

Muenzen and colleagues coined the official definition of hand therapy in 2002: “It 
is the art and science of rehabilitation of the upper quadrant of the human body. Hand 
therapy is a merging of OCCUPATIONAL THERAPY and PHYSICAL 
THERAPY theory and practice that combines comprehensive knowledge of the 
upper quarter, body function, and activity. Using specialized skills in assessment and 
treatment, hand therapists promote the goals of prevention of dysfunction, restoration 
of function and/or reversal of progression of pathology in order to enhance life partici-
pation in life situations for individuals with upper quarter disease or injury” [1].

Occupational therapists (OTs) represent 70% of all hand therapists world-
wide [2]. Among other professional competencies and skills, OTs are able to ana-
lyze activities, gestures, and performances of daily living. They also enable 
participation by modifying a person’s environment or adapting objects of daily liv-
ing. This ability in OTs is essential to adequately administer personalized hand and 
upper extremity treatment according to the patient’s specific needs.

Pathologies seen by occupational therapists working in hand rehabilitation are 
orthopedic, neurological, and rheumatoid based, and they are treated using an 
evidence- based medicine approach.
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For orthopedic patients, OTs collaborate with hand surgeons during the immedi-
ate postoperative phase for wound care, edema control, and custom-made position-
ing orthoses, all of which have the goal of preventing unwanted joint stiffness or 
other complications.

For neurological disorders, OTs fabricate custom-made static orthoses that aim 
to prevent soft tissue contractures or dynamic models to compensate for muscle 
weakness of temporary paralysis. Recently, hand therapists alike have introduced 
sensory and motor re-learning techniques to rehabilitate the somatosensory cortex 
in central and peripheral nervous pathologies.

Finally, for the rheumatoid population, the OT is professionally equipped to slow 
down degeneration of joints and other soft tissues. Preventatively, OTs fabricate 
orthotic devices that rest inflamed joints or sustain weak joints. They also address 
joint protection techniques and energy conservation strategies with rheumatoid 
patients. If deformities have developed in hands or other parts of the body, orthotic 
intervention is also employed. During rehabilitation, exercises are performed to 
maintain proper fine and gross motor gestures following surgical procedures or even 
during conservative treatment. Activities of daily living (ADLs) are also assessed, 
and compensatory strategies are selected with the patient, as a client-centered 
approach is mandatory in this population since more than just hands are at stake 
with rheumatoid disease.

Overall treatment is based on published protocols, but an accurate functional 
evaluation is done using objective and subjective outcome measures such as goni-
ometry, dynamometry, manual testing, sensory evaluation, functional assessment 
batteries, and self-administered validated questionnaires.

To conclude, these are some of the techniques used by OTs in hand 
rehabilitation:

 – Static and mobilization orthotic fabrication using low-temperature thermoplas-
tics (LLTP), neoprene, and synthetic casting materials.

 – Bottom-up and top-down activities selected with the patient to initially improve 
active and passive range of motion and muscle strength, to later address coordi-
nation, proprioception, and sensory problems.

 – Some therapeutic modalities are also employed by OTs working in hand rehabili-
tation such as thermal and cryotherapy, respectively, to prepare tissues for activi-
ties and ultimately cooling them once therapy sessions are ended; joint 
mobilization, neurogliding, and scar massage are necessary in some occasions 
along with functional or kinesio taping.

13.1  Hand Therapy

Hand therapy, which presents many facets, is provided by either physical or occupa-
tional therapists. These latter professionals will use a rehabilitation program based 
on activity analysis. This client-centered approach is based on graded meaningful 
activity that will address functional problems of the upper limb, whether it be joint 
motion limitation (Fig. 13.1a, b); decreased strength (Fig. 13.2); incoordination 
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(Fig. 13.3); reduced or hypersensitivity of a finger, limb, or even a scar; or any other 
pathology or trauma-related problem.

Any chosen activity is graded according to the patient’s function and improve-
ment. Activity usually begins with simple exercises such as grasping objects of 
different sizes or shapes in the case of joint motion limitation (Fig. 13.4) or gripping 
handles of various resistances (Fig. 13.5) and grasping techniques. The patient later 
moves toward more complex activities such as assembling a simple furniture item 
(Fig. 13.3) to baking a cake to finally simulate real work or leisure activities, which 
are meaningful to the patient.

Ultimately, occupational therapy in the field of hand therapy aims at enabling 
patients through active or assisted exercises or activity which is meaningful to the 
patients and will allow them to minimize or eliminate impairment. In some cases 
where there is temporary (i.e., sport injury) (Fig. 13.6a, b) or permanent impair-
ment, such as in degenerative diseases or amputees, the occupational therapist can 
also opt for an adaptive solution.

a

b

Fig. 13.1 Wrist exercises 
for flexion-extension (a) and 
prono-supination (b) with a 
ball

13 The Hand and the Occupational Therapy



116

Fig. 13.3 Bolt 
screwing

Fig. 13.2 Forearm rotation 
reinforcement with hammer
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Fig. 13.4 Tip-to-tip grasp 
with beads

Fig. 13.5 Graded griping 
exercises
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Fig. 13.6 (a, b) Thumb 
orthosis assisting volleyball 
player, avoiding pain and 
other thumb injuries
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14Frail Elderly Persons and Smart Home 
Technologies

I. Johnson and P. Ianes

14.1  Introduction

During earlier days, when different generations lived together, it was easier to take care 
of each other in situations of need. Grandparents used to take care of their grandchil-
dren when parents were absent, and if a grandparent needed assistance with daily activ-
ities, there was always somebody there to help him/her. Today, the family structure has 
completely changed. Families are split apart, sometimes in the same city, sometimes in 
the same nation, but more often than before in different nations due to recent globaliza-
tion. More people live alone or in small family structures which is a challenge for the 
social network. In addition, people live a longer life, part of it with possible disabilities 
[1, 2]. Specific Assistive Technology Information centers could be an answer to the 
needs of frail elderly persons living alone in their homes, but it is only part of the equa-
tion: technology works out well if it is combined with an individuals’ strong motivation 
to use it, and of course, individuals must be able to afford it [3] (Fig. 14.1).

The home environment is a place where people ought to feel comfortable, a place 
which should be organized according to their lifestyle preferences, and a place where 
they should feel protected and safe. Unfortunately this is not always the case. We know, 
for example, that the home environment is a high-risk place for falls, especially among 
the elderly population with diminished performance in cognition, balance, and sensory-
motor capacity [4–6]. The use of smart home technology could be an alternative to 
reduce the loss of everyday function resulting from aging or disabilities [7, 8] (Fig. 14.2).
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Fig. 14.1 AUSILIA: Assisted unit for simulating independent living activities, collaboration 
between the University of Trento and Azienda Provinciale per i Servizi Sanitari Provincia 
Autonoma di Trento, Italy, www.ausilia.tn.it

Fig. 14.2 User interacting 
with a robot in the smart 
home at the DAT center
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14.2  Clinical Cases

Sue is a 78-year-old woman living alone since her husband died some years ago. 
Her two adult daughters are living in the same city not far away from her. Two years 
ago Sue was diagnosed with Alzheimer’s disease. Since then she spends most days 
in the nearby day center where she can participate in social activities and eat cooked 
meals. At home she often wakes up in the middle of the night to go to the bathroom. 
Her daughters decided that it would be convenient to install some security measures 
in order to reduce the risk of falling. So when Sue gets up from her bed, the light 
automatically turns on providing a pathway to the bathroom. This way she will be 
able to reach the bathroom safely, where the water turns on/off automatically, as 
does the toilet flush. The lights then automatically provide a pathway back to bed.

Anne is a 68-year-old woman, divorced 10 years ago. She is living with her 
daughter and her 6-year-old grandson. Her daughter works during the day and her 
grandson goes to school. Anne has arthritis and spends most of the day alone. In the 
morning she needs a lot of time to get up since her joints are stiff and aching. To 
facilitate her independence, she has a remote control to turn on the light, open the 
curtains and windows, and change the bed position. The remote control also acts as 
a hands-free phone, allowing her to call her sister before getting out of bed.

Martin is a 72-year-old single man who recently had an accident while going by 
bicycle to the local post office. A car cut him off and Martin fell on the ground, 
resulting in a mild traumatic brain injury. He was brought to hospital and had a 
period of rehabilitation, but at discharge still had potential for further recovery. 
Martin lives far away from the rehabilitation center and was unable to organize 
transportation for outpatient services. He was offered a home training program from 
the rehabilitation center. Each morning he connects online for a 45-min rehabilita-
tion training session with the occupational therapist at the center who uses strategy 
training to assist him to overcome the problems he encounters when performing 
daily activities.

In the above aforementioned situations, the occupational therapist helps the per-
son prioritize everyday activities that need to be carried out in the home environment, 
but that the person is unable to perform, performs with difficulty, or is not satisfied 
with the way it is performed [9]. When the person does not have the capacity to adapt 
himself to the environment, the environment must be adapted to his/her personal 
needs. Thus environmental adaptations and technological solutions are an important 
part of the rehabilitation process, and occupational therapy interventions play a cru-
cial role in working with the individuals to identify the most appropriate technology 
for them, promoting independent living in the proper home. Determining the best 
match between the person’s needs and technology is essential so that the person feels 
comfortable with the solution and the risk of abandonment of technology is dimin-
ished. Since advanced technology is a result of the effort of different professionals, it 
is necessary to work in an interdisciplinary team to find the best technical and func-
tional solution. Researchers and inventors must work alongside occupational thera-
pists, rehabilitation clinicians, counselors, sociologists, and architects, to develop 
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solutions that respect the unique sovereignty of the home environment and to ensure 
connections to an accessible community, where electronic wayfinders and wearable 
task management systems may facilitate outdoor activities [7, 8].

 Conclusions
Advanced technology in the homes or smart home applications are surely of 
interest to minimize risks in activities, to perform everyday tasks in an easier 
way, or to pursue health-related tasks (telemedicine) [7, 8]. A new field which is 
still at research level is the use of robots or humanoids in the home environments 
as assistants in activities of everyday living [10, 11] (Fig. 14.3).
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15Thermal Rehabilitation of Geriatric 
Patients

C. Crotti and U. Solimene

15.1  Introduction

While being one of the oldest known treatment methods, thermal rehabilitation 
medicine has not been acknowledged as much as it deserves by the scientific com-
munity. Thermal healthcare includes three steps: prevention, care, and rehabilita-
tion. These steps are integrated with a new focus on health and well-being. Following 
this approach, we expect that hundreds of thousands of people will recognize stays 
at thermal facilities as an option to protect their physical integrity and achieve a 
well-being status.

Hydrotherapy is the use of water in various physical conditions and with differ-
ent chemical compositions through the implementation of a variety of methods, 
aimed at treating and preventing health problems, as well as at preserving good 
health.

Hydrotherapy should be divided into two parts in consideration of its develop-
ment as a whole: one of these—called, more appropriately, crenotherapy (from the 
Greek krene, which means “source”)—uses the specific chemical properties of so- 
called mineral waters, while the other basically leverages on the physical properties 
of water.
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15.2  Crenotherapy

Two types of crenotherapy exist—internal and external (that includes 
balneotherapy).

Internal crenotherapy can be administered via hydropinotherapy (or drinking 
therapy), irrigations (vaginal, nasal, oral, intestinal, or rectal), and inhalations.

Hydropinotherapy is a treatment approach that uses mineral waters for drinking. 
The term comes from the Greek hydro (water) and pino (drink). The therapy con-
sists in the intake of specific amounts of liquid at a given temperature and at pre-set 
time intervals throughout the day. Hydropinotherapy is indicated to treat urinary 
tract disorders, as well as bowel diseases and general gastroenteric disorders.

Thermal waters can also be used to treat chronic irritations and inflammations of 
the upper and lower respiratory tract. Thermal inhalation therapies can be adminis-
tered in a variety of forms and approaches aimed at achieving the desired effects, 
classified according to a number of factors, including the chemical properties of the 
used mineral waters, the physical characteristics of the inhaled substances, the fea-
tures of the appliances, and the dispensing mode.

Balneotherapy uses water and the mineral properties of the salts dissolved in it to 
treat some medical conditions, such as osteoarticular diseases. Muds, sands, and 
medicinal clays (also known as “fangotherapy”) are also used with medical pur-
poses. Balneotherapy is usually practiced in spas.

15.3  Hydrotherapy

Although motor disorders, connected with disabilities, are frequently observed at a later 
stage in life, clinical, psychological, and social conditions need to be addressed when 
dealing with geriatric patient rehabilitation. Such conditions add up to purely functional 
disorders, resulting into a complex and intricate picture for which intervention measures 
and procedures can hardly be identified (though this is not impossible). There is no 
doubt about the importance of treating elderly people despite their possible disabilities 
and frailties and to overlapping negative life events: the functional recovery to the level 
preceding the disease is a goal that can be pursued even when people get older.

Geriatric patient’s rehabilitation is based on the consideration of loss events that 
are not confined to a specific organ or system affected, but on the entire disease that 
caused the disability [1].

Thermal rehabilitation could play a primary role in this respect by using water 
and its properties.

Hydrotherapy is a very old therapeutic approach made up of several techniques, 
which developed through centuries in multiple aspects. Nowadays, this approach is 
used to treat a variety of disorders and diseases, as well as for rehabilitation and to 
improve the patient’s quality of life in general [2].

Hydrotherapy, in a strict sense, leverages on the properties of water, such as 
floating, temperature, and hydroactive pressure, regardless of the potential pharma-
cological properties connected with the presence of mineral salts.
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A large amount of papers describe techniques including, in particular, balneo-
therapy to treat a variety of orthopedic, heart, and venous disorders, also involving 
domains like neurological physiotherapy [3] and gastroenterology, thus demonstrat-
ing the broad range of traditional indications for use of this method. The adopted 
methods are also simple to apply and cheap; nonetheless they require training of 
operators and patient’s supervision, in order to ensure their implementation [1].

More recently, besides considerations deriving from the traditional use of these 
methods, several scientific studies were carried out and are now producing evidence 
on safety, effectiveness, and appropriate provision of these therapies [4]. At present, 
rehabilitation in water is crucial to ensure a modern and effective functional recov-
ery of patients with orthopedic and neurological disorders [5].

The unique properties of water ensure its efficacy as a therapeutic agent. These 
include, most importantly, its ability to retain and release heat. Rehabilitation in 
water is founded on “Archimedes’ principle,” stating that any object, immersed in a 
fluid, is buoyed up by a force equal to the weight of the fluid displaced by the object, 
so that such object is lighter the deeper it is immersed. For example, the human 
body, when immersed vertically, is apparently reduced to 95% of its real weight if 
immersed up to the calves, to 80% when water reaches the thighs, to 50% up to 
waistline level, to 20% up to the armpits, to 7% at the base of the neck, and to 3% 
when totally immersed; this results into easier movement in water compared to the 
external environment when, in the event of traumas, cerebrovascular events, or 
orthopedic surgery (fractures, joint replacement, etc.), it would be impossible, dif-
ficult, or even harmful to load real weight on the limbs [6, 7].

Baths can be taken in plain source or in thermal water; they can contain herbs, 
drugs, or mineral salts. Moreover, waters can be purposefully moved and agitated, 
as it happens, for example, in whirlpool baths.

 – Full-Immersion Hot Baths
 – They are performed at a temperature of 37.7–41.1 °C, for a maximum of 20 min, 

and are indicated to treat musculoskeletal pain, to mitigate muscular spasms, and 
to stimulate perspiration [8]. In most cases they are followed by a brief cold bath; 
therefore, they are not indicated for very old people with organic disorders or 
prone to hemorrhage.

 – Neutral Baths
 – Neutral full-immersion baths are performed in tubs at an average 33.3–35 °C 

temperature. Patients should not feel warm or cold. Ideal temperature depends on 
the patient’s conditions and reactions in water and should therefore be adjusted 
according to patient feelings, rather than using a thermometer. A neutral bath can 
last from 15 min to 4 h. The primary effect of a neutral bath is sedation, with a 
calming action on the nervous system. Moreover, it enhances diuresis, due to 
water absorption during the long-term immersion. Lastly, neutral baths tend to 
lower body temperature due to heat dispersion through the skin. Neutral baths 
are traditionally used against insomnia, pain, anxiety, irritability, and chronic 
tiredness [9].

 – Cold Baths
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 – Cold baths should be performed at comfortable room temperature (water tem-
perature should range from 15 to 18 °C). They can be repeated depending on 
subjective resistance. Before a cold bath, physical exercise is recommended to 
warm up the body, or body rubbing, or a hot footbath. After bathing, the patient 
will return to bed under warm covers to promote the hyperemic reaction. Cold 
sponge baths may follow.

 – Rehabilitation pool water is usually kept at a 34–36 °C temperature. All authors 
agree that bathing at this temperature determines:
• Amyorelaxant action, with a decrease of muscle tone ensuring smooth mobi-

lization, due to the direct action of heat on muscle spindles, which become 
less sensitive to stretching, and a reduced activity of the alpha fibers with a 
subsequent muscle relaxation. Moreover, heat stimulates the skin thermore-
ceptors and indirectly reduces muscle contractures.

• An antalgic action by raising the pain threshold, which allows to perform 
more aggressive exercise compared to dry mobilization [1].

Muds or peloids are natural or artificial substances that result from mixing water 
(thermal, sea, or lake/river water) with inorganic, organic, or mixed materials deriv-
ing from geological or biological processes. They are used for therapeutic purposes 
in the form of compresses or baths. Peloids include muds, loams, peats, or molds. 
Muds are generally indicated for rheumatic and osteoarticular diseases and for the 
related pain syndromes.

15.3.1  Physiological Actions

The physiological actions of hydrotherapy can be divided into thermal and mechan-
ical. Thermal actions are produced through the application of water at temperatures 
higher or lower than the human body’s temperature. The higher will be the change 
in body temperature, the stronger the effect, the other factors being equal. Mechanical 
actions are produced by the impact of water on the body surface (e.g., spray, shower, 
whirlpool bath, rubbing, etc.) [10, 11].

In order to promote healing, both local and systemic, oxygen circulation should 
be maximized and catabolic products should be removed; hydrotherapy is very 
effective for this purpose. These changes are traditionally obtained through a variety 
of actions on blood circulation that mainly include revulsive action, derivative 
action, and reflex spinal action [12].

15.3.2  Treatment

The primary goal of hydrotherapy is the same as for all therapies: treating the whole 
person, considering the past and present medical history, the present conditions, any 
regular drug intake, and any other relevant information. Once this holistic patient 
picture is obtained, the following steps are required:
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• To use hydrotherapic treatments in a coordinated manner, integrated with any 
other drug treatment

• To use hydrotherapic treatments in order to fit the general and specific patient 
health conditions

• To explain the entire process to the patient, from the outset, before treatment, 
including the technique (duration, frequency, and any other relevant factors), 
ensuring that he will feel comfortable during execution

• To measure the patient’s body temperature before starting a treatment [13]

The range of disorders and diseases for which thermal treatment is indicated has 
been gradually expanded in time, according to an evolution of the idea of health, 
which is now meant as general psychophysical well-being, rather than as the absence 
of a specific disease. However, preliminary medical evaluation and great care are 
required when applying hydrotherapy to patients with diabetes, heart disease, 
hypertension, kidney disorders, severe liver diseases, organ transplants, pacemaker 
or other medical devices, etc.

Upon implementing a hydrotherapy treatment, it is important to note that its 
action can take place at two separate levels: actual treatment and symptom mitiga-
tion. In fact, hydrotherapy can heal certain conditions and mitigate symptoms of 
others. In some cases, however, this distinction is not so sharp (e.g., in osteoarthritis, 
both a functional recovery and a reduced progression of the disease can be achieved), 
due to the fact that hydrotherapy also acts on the stimulation of the immune system; 
it causes a reduction of inflammation and has a hormone-modulating action. 
Hydrotherapy is also prescribed for many chronic and/or degenerative disorders, for 
which no treatment, allowing full healing, exists [14].

All hydrotherapy/crenotherapy practices should be designed according to the 
patient’s reaction; therefore, they should start gradually and progressively adjusted. 
In general, elderly patients or patients with atherosclerosis, kidney disorders, or 
heart failure should not be submitted to cold hydrotherapy/crenotherapy, which may 
cause harmful hypertensive reactions; showers are contraindicated also in case of 
excitement [15].

Half-bust baths (up to or just above the waistline) are contraindicated in case of 
weakness, collapse, or risk of hemorrhage; cold baths have similar contraindica-
tions in feverish patients. Very hot baths should always be avoided, particularly in 
elderly patients or individuals with potential latent cardiovascular disorders.

In any case, hydrotherapic/crenotherapic treatments usually have mild side 
effects, even if, sometimes unexpected, that can be caused by inappropriate treat-
ment execution or, in most cases, by individual reactions to treatment.

Common side effects of these treatments include headache (in case of intense or 
long-term treatment), dizziness, irritability, localized or general pain, insomnia, 
nausea, palpitations, weakness, and cold.

Contraindications of hydrotherapy/crenotherapy can be either relative or abso-
lute. Relative contraindications concern a specific method or administration tech-
nique, related to patient’s disease. Contraindications include, first and foremost, 
active neoplasms or recent surgery to remove them. Hydrotherapy/crenotherapy is 
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also contraindicated in case of kidney failure; heart failure; severe arterial hyperten-
sion; severe organ diseases, such as cirrhosis; and immunodeficiency. Hydrotherapy/
crenotherapy should not be used in case of fever or to protect other users in case of 
active infectious disease. Absolute contraindications discourage patients with spe-
cific diseases from submitting to any hydrotherapic approach; indeed, several stud-
ies and authors challenge this distinction, claiming that any contraindications are 
relative [16].
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• Crenotherapy uses the specific chemical properties of mineral waters for 

medical purposes.
• Hydrotherapy has physiological thermal and mechanical actions that deter-

mine local and systemic effects.
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• Hydrotherapy leverages on the properties of water and is effective in reha-

bilitation of many diseases, such as orthopedic and neurological 
disorders.

• Hydrotherapy has usually some mild effects; main contraindications are 
neoplasms, heart or kidney failure, severe hypertension or organ disease, 
fever, or infectious diseases.
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16Orthoses in Older Patients

S. Masiero, M. Mastrocostas, and A. Musumeci

16.1  Introduction

According to the international guidelines, orthosis is an “external applied device 
designed and fitted to the body to achieve structural and functional characteristics of 
the neuromuscular and skeletal system” [1]. Therefore, the main purpose of orthosis 
is the correction of an impaired function, whereas the aim of prosthesis is to substitute 
it. The orthoses can be used temporarily (e.g., after surgery) or permanently; they can 
be also static (if they do not allow movement) or dynamic. The advantages of using 
orthotic devices in older patients are several: ensuring postural stabilization, balance 
and trunk control, improving pain relief, reducing the risk of falls, correcting limb 
malformations, preventing progression to deformities, protecting and restraining joint 
mobility, and facilitating ambulation and weight-bearing. Most important features of 
an orthosis should be safety, practicality, functionality during all gait phases, stability, 
protectivity, to be appealing, and comfortable to wear. Choice of the appropriate 
orthotic device is crucial for an individualized rehabilitation treatment and requires 
knowledge of different disciplines such as anatomy, biomechanics, medical engineer-
ing, etc. In this chapter we will discuss some of the basic concepts of the spinal, upper, 
and lower limb orthoses and shoes that are frequently used in geriatric patients [2].

16.2  Upper Limb Orthoses

The upper-extremity orthoses are used to protect joints and to limit their movements 
in order to facilitate a good bone alignment. They also prevent articular deformities, 
compensate muscle weakness and hypotonia, and enhance postsurgical healing of 
bones and tendons.
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Upper limb orthoses can be classified according to anatomical regions (shoulder, 
arm, elbow, wrist, hand), function, and design (nonarticular, static, serial static, 
static motion blocking, static progressive, dynamic, dynamic motion blocking, 
dynamic traction splints, tenodesis, continuous passive motion orthoses, adapted or 
for functional usage).

In older patients, the splints are frequently used for tendinopathies, enthe-
sopathies, or joint sprains in order to prevent movement and reduce inflamma-
tion, facilitating thereby recovery. In rheumatoid arthritis, ulnar or radial 
deviation of the fingers and deformities can be treated using splints; the aim of 
the splint is to restore functional hand movements and to support wrist and fin-
gers. Upper limb splint is also useful after stroke in order to control muscle 
hypertonia, prevent muscle and tendon retractions, and avoid physical deformi-
ties [3] (see Fig. 16.1).

16.3  Shoes and Shoe Modifications

Falls in older people are often related to footwear. Foot proprioception and plantar 
sensitivity worsen during age and in diabetes, peripheral neuropathies, and other 
medical conditions. Therapeutic shoes or shoe modifications might improve bal-
ance and reduce risk for falling; they could influence both tactile and proprioceptive 
mechanisms; moreover, the choice of appropriate and comfortable shoes could 
reduce the necessity of an orthosis [4].

Shoes should fit the shape of the foot and be one index fingerbreadth longer than 
the longest toe, allowing movement during standing and walking [5]. Loose or tight 
shoes can determine calluses, ulcers, or corns. Leather is one of the best materials 
to avoid this inconvenience, because it is durable and breathable, adapts itself to the 
patient’s foot shape, and can be easily reshaped. In patients with diabetes and 

Fig. 16.1 Upper limb rigid (right) and semirigid static orthoses
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peripheral neuropathy, shoes should aim to decrease pressure on prominent areas 
through a high wide toe box. Modified or custom-made shoes are also indicated in 
case of ankle stiffness, edema, or joint deformity.

Foot inversion or eversion can be treated using a heel flare on either the medial 
or lateral heel. Distributing forces to the lateral knee compartment through lateral 
heel wedges may prevent valgus medial knee compartment overload in 
osteoarthritis.

Metatarsalgia is treated by distributing the forces to the metatarsal shafts using 
either a metatarsal bar or a rocker (convex) bar, positioned on the external sole in 
order to promote foot rollover. A metatarsal pad inside the shoe can be placed 
behind metatarsal heads in less severe cases. Adding an extended shank with mild 
rocker sole in order to decrease shoe’s flexibility could treat toe pain, which occurs 
in arthritis and gout.

Talalgia, often caused by plantar fasciitis, calcaneal spurs, and Achilles tendon 
retraction, can be managed using an external calcaneal bar behind the painful site. 
If plantar fasciitis is associated with overpronation, a Thomas heel can help in push-
ing the foot toward the opposite side. Heel lifts or heel cushion relief pads can 
relieve Achilles tendon pain.

Leg length differences major than 10–15 mm should be treated using internal 
heel lifts [6].

16.4  Lower Limb Orthoses (LLO)

LLO and shoes are used to treat weakness, spasticity, pain, and joint deformities, in 
case of brain injury, neuropathies, arthritis, fractures, or amputation. Moreover, they 
improve abnormal posture or tone and can be used to correct irregular gait patterns. 
They should be periodically evaluated to monitor for patient’s comfort, skin break-
down, and their effects on ambulation; a multidisciplinary approach is advised dur-
ing patient’s assessment.

According to the International Standard Organization (ISO), the classification of 
LLO is based on the anatomical joint, which they contain foot orthoses (FO), ankle- 
foot orthoses (AFO), knee orthoses (KO), knee-ankle-foot orthoses (KAFO), hip- 
knee- ankle-foot orthosis (HKAFO, which are used for infants in cerebral palsy), 
and hip orthoses (see Table 16.1).

Table 16.1 Lower limb orthoses classification

Classifications based on design Types

Lower limb
Orthoses

Static
Dynamic

Foot orthoses (FO)
Ankle-foot orthoses (AFO)
Knee-ankle-foot orthoses (KAFO)
Knee orthoses (KO)
Hip-knee-ankle-foot orthoses (HKAFO)
Hip orthoses
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 1. Foot Orthoses (FO)

FO are useful in reducing ground reactive forces acting on lower limb joints; more-
over, these devices can control pronation and supination. Three types of FO are 
available: soft, semirigid, and rigid. Soft foot orthoses can provide shock absorp-
tion, whereas rigid and semirigid, which are custom-made from casts of patients’ 
feet, also support plantar arch (e.g., in case of severe foot deformities). It is funda-
mental, especially when using semirigid and rigid orthoses, to monitor skin looking 
for the presence of wounds or clinical signs of infection.

Flat and high-arched feet are managed using semirigid foot orthoses, which 
extend the foot and provide medial arch support. FO can also correct hyperprona-
tion of the midfoot by acting on the longitudinal axis of the foot. The plantar buildup 
should be progressively increased to avoid an overcorrection of the deformities [6].

Soft soles can determine positive effect on foot pain sensation, but they may also 
determine plantar pressure changes with negative effects on balance; on the con-
trary, firm inlays may have an opposite action on the plantar surface [4].

 2. Ankle-Foot Orthoses (AFO)

AFOs are the most commonly used LLO; they provide control of ankle dorsiflexion 
and plantar flexion and varus-valgus deviation, both static and dynamic. They also 
have a secondary effect on knee during ambulation: ankle plantiflexion facilitates 
knee extension whereas dorsiflexion helps knee flexion [2].

Static AFOs are devices made of rigid materials which keep joints in firm posi-
tion; conversely, dynamic AFOs are defined using different terms with a similar 
meaning, such as hinged, articulating, and static progressive. AFOs are made of 
leather, plastic, metal, carbon composites, or a combination of these materials. 
Examples of static AFOs include solid ankle AFOs, ground reaction ankle-foot 
orthosis (GRAFO), and the patellar tendon bearing. Dynamic AFOs are posterior 
leaf spring, hinged (articulated) AFO, etc. [7].

The most prescribed AFOs are solid AFO, hinged AFO, and posterior leaf spring 
AFO. Solid AFOs restrict ankle motion and provide mediolateral stability of the 
foot; however, due to their rigidity and lack of plantar flexion, they could destabilize 
the knee during stance. Solid AFOs are used in the presence of ankle pain, plantar 
flexion spasticity, and foot drop associated with weakness of plantar flexors. Hinged 
MAFOs can be used to control ranges of motion of plantar flexion and dorsiflexion 
and to limit prono-supination. Posterior leaf spring MAFOs are flexible, they have 
the narrowest trimline, and the calf shell encircles less than half the circumference 
of calf; therefore they are not indicated in case of mediolaterally unstable ankle. 
They help weak ankle dorsiflexors during initial contact and swing phases of gait, 
preventing foot drop.

“Molded AFOs” (MAFOs) are thermoplastic and have many advantages; in fact 
they are lightweight, compact, easily wearable, not pliable at room temperature, and 
relatively inexpensive. MAFOs can be custom-made or manufactured in different 
sizes. Foot, ankle, and knee control depends on the anterior borders or edges at the 
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malleolar region of the MAFOs (trimline). MAFOs consist of calf shell, calf strap, 
shoe insert, and, depending on the MAFO, a hinge at the malleolar level.

Metal AFOs include medial and lateral metal uprights, which are proximally 
attached to the limb with a calf band and distally fixed to a shoe sole by a stirrup. 
They are used in case of insensate skin because they have few points of contact [6].

Stroke often determines a motor impairment that mainly involves trunk, pelvis, 
knee, and ankle coordination both in standing position and during ambulation. 
Hemiparetic patients have specific gait patterns in the affected side, which is char-
acterized by shorter step length, longer stance phase, and a shorter swing phase. 
They may also present an equinovarus foot, in which the weight support of the heel 
shifts to the lateral plantar surface, leading to imbalance, insecure gait, and, conse-
quently, increased risk of falls. AFOs decrease the incidence of ankle contractures 
in patients with hemiparesis, but they should always maintain the ankle joint stiff, at 
the same time, in order to hold the foot in the correct position while standing and 
keep its clearance during swing phase [8]. However, an excessively stiff AFO will 
obstruct both the loading response during early phase of ground contact and the 
dorsiflexion during stance, causing this way instability, reduced walking speed, and 
a delay in recovery of ambulation [9].

AFOs have several potential disadvantages such as poor ankle hyperextension 
during stance and ineffective triplanar foot motion control; they also require good 
muscle strength and flexibility for knee control during swing. Moreover, AFOs 
increase bulk in the shoes and are difficult to use in case of severe spasticity [10] 
(Figs. 16.2 and 16.3).

Fig. 16.2 AFOs. From left to right: AFO and posterior leaf spring AFO (in plastic material); 
MAFO and toe-off (in carbon composite)
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 3. Knee-Ankle-Foot Orthoses (KAFO)

KAFOs are made of metal, leather, and plastic materials and stabilize knee, ankle, 
and foot, both mediolaterally and anteroposteriorly. KAFOs usually share the fol-
lowing components: a metal knee joint anchored to the thigh proximally and 
attached to an AFO distally (see Fig. 16.4). KAFOs can be classified, according to 
design, into passive, which do not provide any active control on knee movements; 
stance control (SC) KAFOs, which block the knee during the stance phase and 
allow free motion during the swing phase; and dynamic KAFOs, which allow knee 
control during both stance and swing phases. KAFOs are usually worn on both legs 

Fig. 16.3 Toe-off AFO
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after spinal cord injuries or on one limb after poliomyelitis sequelae. KAFOs are 
seldom used at rest because they are difficult to don and doff [11].

 4. Knee Orthoses (KO)

KO provide knee stabilization during ambulation. In osteoarthritis, these braces aim 
to reduce load on the knee compartments and are usually named medial or lateral. 
An example of an articulated KO is the Swedish knee cage, which is made of metal 
joint and mediolateral stays; it uses a three-point system (one above, one below, and 
one behind the knee) to control hyperextension during walking; in obese patients, 
its use can be limited (Fig. 16.5).

Fig. 16.4 Dynamic KAFO components: AFO, with or without plastic shell, metal uprights, knee 
joints, and straps
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16.5  Spinal Orthoses (SO)

SO prevent and stabilize vertebral fractures related to osteoporosis or neoplasms, 
relieve back pain, and improve trunk stability in osteoarthritis, discal hernias, and 
paraspinal muscle insufficiency; they also correct vertebral disalignment in degen-
erative scoliosis and restrict range of movement after spinal surgery or trauma. SO 
can be flexible, rigid, or semirigid and are named according to the vertebral seg-
ments they enclose: cervical orthoses (CO), thoracolumbar orthoses (TLO), thora-
columbosacral orthoses (TLSO), and lumbosacral orthoses (LSO). Potential SO 
drawbacks are the difficulty to wear the brace, the risk of pressure sores, weakening 
of spinal muscles, osteoporosis, nerve compression damages, and restraint of tho-
racic cage or abdominal wall movements.

 1. Cervical Orthoses (CO)

CO include cervical collars and Halo devices. Cervical collars (C-collars) can be 
rigid (made of plastic material) or soft (felt); they are easy to apply and very well 

Fig. 16.5 Right knee 
orthosis
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tolerated. However, they do not completely restrict neck motion even if they give 
feedback to patient in order to limit excessive motions (kinesthetic reminder). CO 
can be used to relieve pain in the short term and may provide partial support to the 
cervical spine after neck injuries. C-collars are indicated in cervicalgia, spondyloar-
thritis, and discal hernias. Rigid CO are routinely used in the prehospital setting for 
trauma victims, the most frequently used are the Aspen, Malibu, Miami J collar, and 
Philadelphia [12, 13] (Figs. 16.6 and 16.7).

Fig. 16.6 Cervical orthoses. From left to right: soft cervical collar; Miami J collar; Philadelphia 
collar

Fig. 16.7 Cervical- thoracic orthoses 
(CTO) provide external immobilization 
in the planes of flexion, extension, 
rotation, and lateral bending of C1–T1 
levels
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The Halo devices provide greater restriction in comparison to any other CO; they 
are made of a metal ring, which is fixed to the head by means of pins and connected 
to a body vest through several metal rods. Halo devices are indicated in case of 
cervical vertebral fractures, major cervical trauma, cervical vertebral dislocation, 
and neoplasms [6].

 2. Thoracolumbosacral Orthoses (TLSO)

They provide spinal pain relief and fare used for primary and secondary prevention 
of osteoporotic fractures, especially in the inferior thoracic and upper lumbar verte-
brae. In fact, TLSO restrain flexion movement, which is responsible of fragility 
fractures, and allow, on the contrary, extension of the thoracolumbar spine and spi-
nal muscle strengthening. TLSO feature a 3-point pressure system to prevent flex-
ion movements with three pads placed at the lumbar, pelvic, and sternal level, 
respectively (Fig. 16.8).

 3. Lumbosacral Orthoses (LSO)

LSO are the most commonly prescribed SO due to their comfort and tolerability. 
They are made of elastic belts, provided with anterior or posterior closure. 
Indications for their use are mechanical lumbar pain, lumbar discal hernias, lumbar 
degenerative scoliosis, and lumbosacral stenosis (Fig. 16.9).

Fig. 16.8 TLSO with 3-point pressure
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16.6  Physical Therapy in Patients Who Use Orthotic Devices

The orthoses should be evaluated by the attending practitioner, orthotist, and phys-
iotherapist, both before and after the prescription, in order to choose the best device 
with the most suitable design according to the patient’s needs. It is important to 
design goals of treatment together with the patient and his family, taking into 
account the clinical situation, the individual functional assessment, the social con-
text, and the subject’s preferences [6].

Patients using orthotic devices need:

 – Education. The program should include information on donning and doffing the 
orthoses and the education on skin inspection and hygiene measures of the 
impaired limb (e.g., patients may use compression stockings for leg edema and 
ulcer prevention).

Patients using orthotic devices are instructed on lower limb desensitization activ-
ities such as friction massage and tapping, in order to decrease hypersensitivity and 
to become more tolerant to pressure of the orthosis. Patients’ family should super-
vise and assist relatives, notably when treatment begins.

 – Instruction on exercises to perform at home. Range-of-motion exercises are 
important in elderly population in order to prevent muscle spasms and contrac-
tures. Patients may develop plantar flexion contractures due to loss of active 
movement, even if they use orthotic devices. Stretching exercises and an appro-
priate positioning of frail older patients in bed or wheelchair are, therefore, of 

Fig. 16.9 From left to right: two semirigid thoracolumbosacral orthoses with shoulder straps and 
a lumbosacral corset (on the right)
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utmost importance. Trunk and upper-extremity flexibility exercises allow more 
efficient performances in daily activities.

Upper-extremity strength is important for transfers in bed mobility, donning and 
doffing of orthotic devices, and ambulation activities. Patients using orthoses show 
greater energy expenditure than normal individuals; therefore, aerobic training is 
fundamental, provided there are no medical contraindications. Moreover, strength-
ening exercises of the trunk musculature improve stability, and training of the lower 
extremities improves gait pattern, allowing, in this way, an efficient ambulation.

It is also important to improve balance of disabled elderly in order to prevent falls 
and maintain independence in daily functional activities. Patients who use orthotic 
devices usually experience loss of balance and stability. The presence of environ-
mental barriers, such as soft, uneven or unstable surfaces and the gait instability may 
increase the risk of fall injuries. Ambulation training aims to improve patient’s walk 
on even or uneven surfaces (i.e., carpet, grass, sidewalks), from short to longer dis-
tances, using the appropriate devices. Any deviation and asymmetry in gait pattern 
should be promptly evaluated and corrected.

Functional training for independence in daily activities such as personal hygiene 
or independent transfer is part of the exercise program (e.g., from bed to wheelchair, 
from wheelchair to toilet, from seated to standing position, with or without the 
assistive devices, and vice versa).

The purpose of the stair exercises is to teach patients how to safely ascend and 
descend stairs using orthoses. Stair negotiation is one of the most difficult tasks for 
older people, and stair falls cause more than 10% of fatal fall accidents. Walking 
stairs requires attention, balance, and coordination. Proprioception, somatosensory, 
visual, and vestibular systems often deteriorate with aging; therefore, stair descent 
and ascent can be very difficult for older patients using orthoses [14–17]. Supervised 
physical therapy, mobility, and balance exercises, with or without the use of stair rail-
ings or assistive devices, can be helpful in accomplishing this very hard task [18].

From all the above, we can conclude that education and a multicomponent, pro-
gressive, personalized training program should be considered as part of the manage-
ment of elderly patients who use orthotic devices.

Key Points
• The orthoses are used, usually within a rehabilitation program, to correct 

the impaired functions of the upper/lower limbs or of the spine.
• The correct choice of an orthotic device should be based on the clinical 

situation, the individual functional assessment, and the social context, 
focusing on patient’s and caregiver’s needs.

• Association of an orthotic usage with a multicomponent individualized 
training program improves patient’s functionality.

• A periodic checkup is also necessary to control the fit of the orthosis and 
avoid unnecessary complications secondary to its usage.
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17Taking Charge of the Lower Limb 
Amputee Patient: Evaluation Measures, 
Scales, and the Clinical Approach

Marco Traballesi, Giovanni Morone, and Stefano Brunelli

17.1  Taking Charge of the Patient

A patient-centric, interdisciplinary approach is mandatory for amputee rehabilitation. 
Team should integrate physicians, nurses, physical, and occupational therapists, pros-
thetists, psychologists, and dieticians with the objective to regain function and inde-
pendence to the amputee. Patients and family members must take an active role in the 
process and are consulted in decisions about therapeutic and prosthetic options [1].

17.2  Clinical Evaluation

During the first evaluations, the rehabilitative team has to take into account the fol-
lowing aspects:

 1) The cause of the amputation. In general people with an amputation due to dys-
vascular problems are aged and with comorbidity, while traumatic or neoplastic 
amputees have more phantom limb pain and psychologic disturbances [2].

 2) The period of the patient’s bed rest before and after the surgical treatment. The 
longer is this period, more severe are the complications due to hypo-mobility 
and muscle-tendon retraction. In particular, the shortening of the hip flexor mus-
cles (for transfemoral and transtibial amputations) and the knee flexor muscles 
(for transtibial amputations). Moreover the detraining status could interfere with 
the conditioning exercises and the first attempts to stand up the patient [2].

 3) The cognitive status and the heart/respiratory condition. Learning how to use the 
prosthesis, and the use itself, in particular for transfemoral amputees, needs 
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collaboration and clinical stable conditions. The energy cost of walking for a 
transfemoral amputee is much higher than healthy people, and this may led to 
breathlessness and rejection of the prosthesis usage [3].

 4) The residual limb condition. Only when the surgical wound is healed and the 
edema is greatly reduced, it will be possible to fit the first prosthesis [2].

17.3  Pre-prosthetic Training

The first objective is to increase motor ability without the prosthesis and increase 
the self-awareness and the acquisition of new motor competencies.

During pre-prosthetic rehabilitation the following factors are crucial:

• Good global reconditioning
• Training of the trunk muscles and respiratory functions
• Increase of joint mobility and core stability
• Training to achieve autonomy in transferring and postural changes

Residual limb evaluation through visual inspection and palpation should high-
light signs and symptoms of possible complications: skin breakdown, bone stump 
complications, proximal joint contractures, pain (musculoskeletal, neuromas or 
nerve entrapment, phantom limb), and edema. We recommend an X-ray examina-
tion of the stump with its proximal joint [1].

The objective of the pre-prosthetic phase is to prepare the residual limb and the 
entire body to support the locomotor abilities in the prosthesis phase. The main steps 
of the pre-prosthetics phase can be summarized as follows [4]:

 1) Exercises to increase range of motion of proximal joint, balance competencies 
with growing level, proprioceptive rehabilitation with tactile, somatosensory, 
and pressure stimulation to achieve a new body schema

 2) One leg standing inside parallel bars should be started as soon as possible. Sound 
limb walking training and balance training inside parallel bars. Exercises to 
increase coordination and resistance, possibly without hand support, to increase 
participation to activities of daily living

 3) Training for independence during transfer from bed to wheelchair
 4) Treatment of the residual limb edema with elastic bandaging
 5) Tissue massage and ultrasound therapy to treat and prevent adherent scares
 6) Mental/motor imagery or mirror therapy for phantom pain

17.4  Prosthetic Rehabilitation

17.4.1  The Approach to the Patient

The prosthetic rehabilitation represents the key moment of the recovery of patients 
affected by lower limb amputation. The choice on the kind of prosthesis (suspension 
system, materials, locked or unlocked knee, monoaxial or pluriassial foot, etc.) 
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depends on the level of mobility reached by the patients among the pre-prosthesis 
training: it is incorrect to prescribe prosthesis just after the surgical treatment [1, 4].

It is important to give the correct information to patients and caregivers: describe 
the different components of the prosthesis, identify the points of support of the socket 
where the patient will have to transfer the weight, describe the pain, after the first use 
of the prosthesis, give instruction to the patient on care and hygiene of the stump and 
prosthesis.

Since the ultimate goal is to give adequate movement trajectories, the task of the 
physiotherapist is to propose exercises that bring the patient to new appropriate 
motor adaptation, develop new motor skills and new coordination, transform the 
patient in a new unique “man-prosthesis” system.

17.4.2  Development of Balance and Coordination 
with the Prosthesis

The proposed exercises aim to develop a continuous coordinative tonic-postural 
adjustment by means of the involvement of proprioceptive mechanisms.

The first exercises involve the use of balance board which provides an unstable 
and sensory-stimulating surface that facilitates balance, proprioceptive training, and 
automatic postural reactions. These exercises take place inside the parallel bar, in 
the first phase with the upper limbs support and then without. The use of a mirror 
during the exercises is an important feedback for the patient to correct its postural 
changes. Anyway, it is recommended to increase the exercises difficulties as soon as 
possible, by blinding the patient in order to better stimulate the proprioceptive sys-
tem and the balance condition [1, 4].

17.5  Return to Walking After Amputation

17.5.1  Exercises Preparatory to Walking

The first series of exercises proposed to the patient fitted with the prosthesis aims to 
develop the feeling with the socket through the identification and recognition of the 
support points and the loading areas of the stump, inside the rigid wall of the socket. 
These exercises gradually increase the tolerance for the load and reduce the pain. 
The patients become more confident with the prosthesis, and they can develop the 
static postural control on the frontal and sagittal planes.

Exercise progression consists in dual standby of the upper limbs, then through 
the use of only one support, until the patients can stand without any support. In this 
phase, the use of two weight machines for the visual feedback of the load on both 
sides is highly recommended. The patient is asked to climb up and down a step with 
the sound limb and then with the prosthetic limb. Upon reaching a correct load dis-
tribution, more dynamic exercises, dedicated to the rehabilitation of gait pattern, 
can be started [4].
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17.5.2  The Rehabilitation of the Gait Pattern

At the first stage, the proposed exercises occur inside the parallel bar, with the aim 
to reduce the risk of postural trunk compensation during the full-step cycle in par-
ticular in the stance phase. Moreover, additional exercises are needed to develop the 
control of the swing phase in the sagittal and the frontal plane, paying attention to 
the movement patterns [4].

The progression of the walking aids use is strictly customized to the patient’s 
ability. Usually the training steps are:

• Use of a walker with ferrules and wheels
• Two quad walker cane
• Two crutches
• One crutch or a walking stick

When the amputee has reached a good balance and safety. During the pros-
thetic training, the team (physician–physiotherapist–prosthetist) must constantly 
follow any difficulties and any progress made by the patient. The new postural 
adaptations and the further reduction of the residual limb edema, in fact, often 
requires some corrections of the proper alignment of the prosthesis in the first 
weeks of training.

17.5.3  The Use of a Walking Aid

In the clinical practice, generally, the rehabilitative community indicates to use the 
walking aid in the contralateral side to the prosthetic lower limb. Our experience 
leads us to prefer the use of the cane or stick in the prosthesis side for two reasons:

 – Further development of the load of the prosthesis on the socket
 – Developing the equilibrium condition on the prosthesis itself

If the patient uses the aid in the side contralateral to the lesion, he/she uncon-
sciously tends to tilt the trunk to the aid; therefore, it affects the postural symmetry [1].

17.5.4  Use of Stairs

The return to using the stairs could not miss in our rehabilitation program. The 
patient has to go upstairs with the healthy limb and must come down the stairs with 
the prosthetic limb. Only transtibial amputees with a high level of mobility can 
safely choose which side to start.

17.6  Functional Evaluation

For a complete evaluation of people affected by lower limb amputation, we suggest 
the following evaluation tools:
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 1) For a general measure of the independency and mobility in the activities of daily 
living: Barthel Index [5] and Functional Independence Measures [6]. These tools 
are not specific for amputees but are useful in the first phase of the rehabilitation 
without the prosthesis and for amputees that are not able to use the prosthesis.

 2) For mobility and walking evaluation: timed up and go test (TUG) [7], 2minute 
walking test (2minW) [8], Locomotor Capability Index-5 (LCI-5) [9], and 
Houghton Scale (HS) [10]. These tools are easy to administer and do not require 
too much time. LCI-5 and HS are specific for the prosthesis use (how, how much, 
in which condition, where). We suggest a routine use of these tools.

 3) The Prosthetic Evaluation Questionnaire (PEQ) [11] and SATPRO [12] are two 
questionnaires that investigate the quality of life of the amputees and their satis-
faction with the prosthesis. They are useful for research purpose.
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18Prosthetic Treatment in Elderly 
Population
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The frequency of vascular diseases is constantly increasing in industrialized coun-
tries, due to the sedentary, adipogenic lifestyle and the increased life expectancy. 
Vascular diseases mostly affect the lower extremities, which can be subjected to 
very aggressive surgery, and, in about half of cases, are linked to diabetes [1].

Incidence of vascular diseases is reaching 80% of all lower-limb amputations. 
Amputees are, most commonly, elderly subjects over 65 years of age. Figure 18.1 
reports the incidence of transfemoral amputations for the Italian population, based 
on NHS statistics: in 2005, this was over 88% of all amputations, in subjects over 65 
years old.

Frequently, the general health condition of these amputated patients is compro-
mised by:

• Cardiovascular failure (80% of cases)
• Respiratory diseases
• Diabetic retinopathy and/or peripheral neuropathy [2]

It follows that these patients have limited energetic resources [3] and feature low- to- 
average functional activity levels (K1, K2); K-levels are defined by Medicare, based on 
an individual’s ability or potential to ambulate and navigate his/her environment; K0 
patients are not eligible for prosthesis, while K4 patients have the ability or potential 
for prosthetic ambulation that exceeds basic ambulation skills, typical of the prosthetic 
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demands of the child, active adult, or athlete. The high probability of successful pros-
thetic fitting reported among referral practices cannot be generalized to elderly indi-
viduals, but selected individuals can successfully be fitted with a prosthesis [4]. 
Rehabilitation efforts should best be targeted depending on needs. Rehabilitation pro-
fessionals should make an educated estimate of outcomes at the beginning of rehabili-
tation based on the characteristics of the patients and the personal functional level on 
admission [5]. Considering the prosthetic application and the functional recovery that 
will follow, it is important to preserve as much limb as possible, with the most distal 
level of amputation permissible. For this reason, it is important to seriously consider:

• Foot amputations (transmetatarsal, tarsal, Syme, and Pirogoff). Transmetatarsal 
amputation is often used in patients with infection of the forefoot, necrosis, 
gangrene, and diabetic neuropathy with the aim to obtain a good functionality 
of the limb by preserving the midfoot. When the metatarsal bones are com-
pletely removed, the amputation level is named “Lisfranc amputation”. The 
Chopart amputation is a disarticulation of the midfoot from the hindfoot: it is 
always combined with an ankle talar arthrodesis to obtain a foot with a proper 
support. Pirogoff level is obtained with the section of the bones of the leg over 
the ankle joint and with the arthrodesis of the heel’s tubercle, placed in maxi-
mum talism, with the surface of section. The limb will be shortest than contra-
lateral, suitable to sustain the weight of the body even without prosthesis. A 
Syme amputation is an amputation done through the ankle joint indicated for 
foot trauma, infection, or tumors, which allows to obtain a limb functional and 
painless.

• The preservation of the knee joint, if the stump achievable is longer than 4 cm, 
measured from the joint line [6].
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• Knee disarticulation, if a full load-bearing is achievable, instead of a transfemo-
ral amputation due to its numerous advantages from a prosthetic viewpoint.

In addition, in case of transfemoral amputation, it is always best to preserve the 
longest lever possible (distal stump), but with an 8–10 cm difference with respect to 
the contralateral knee joint line. This enables to reach two important goals:

• Reduction of the energy consumption (long lever)
• The possibility to apply the widest range of prosthetic knees and some additional 

components, e.g., a static rotator, avoiding an anatomical asymmetry when com-
pared to the contralateral knee in seated position

The absence of vascular impairment of the residual limb and timely admission to 
the rehabilitation hospital correlated positively with effectiveness of mobility [7], but 
the amputation of the contralateral limb takes place within 3–4 years, in 30% of cases 
of amputation, based on a study of the Queen Mary’s Hospital in Roehampton (UK).

Based on our experience, a bilateral transtibial amputee has a high probability to 
return to walk with two prostheses even in aged persons. On the contrary, for a 
bilateral transfemoral amputation, the probability is substantially lower and becomes 
null if stumps are proximal.

Elderly patients have a high probability of using a prosthesis when having an 
independent ambulation after transtibial amputation, without phantom pain, and 
they should be considered for prosthetic training [8].

All of the above stress the importance of careful clinical assessment of the patient by 
a multidisciplinary team: firstly, to evaluate the real potential for a prosthetic treatment 
and, secondly, to define a specific and customized prosthetic rehabilitation, possibly in 
collaboration with specialists in internal medicine, psychology [9], and cardiology.

The probability of success increases and the duration of the prosthetic- 
rehabilitative intervention decreases if a pre-prosthetic physio-kinesiotherapic 
intervention is applied. This aims to:

• Preserve the mobility of the residual joints.
• Prevent wrong postures (flexed or abducted stump) which follow after a long bed 

resting period or extended wheelchair use (hypokinetic syndrome) and are fre-
quent in geriatric amputees.

• Reduce postoperative edema, thanks to an elastic-compressive monodirectional 
elastic bandage, or similar liners (Fig. 18.2).

• Prevent risk factors for patient falls [10].

The application of the first prosthesis should take place shortly after amputation, in 
the eighth–tenth week, in the absence of complications, with the aim of accelerating 
gait recovery and avoiding hypokinetic syndrome’s effects. This goal can be obtained 
by means of the application of temporary endoskeletal prostheses. However, this cat-
egory of prosthesis has little in common with the definitive prosthetic device, both 
considering the suspension system (thigh bands, harnesses, etc.) and the socket, which 
are little or non-customizable. These pitfalls frequently lead to prosthetic control 
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Fig. 18.2 Elastic- 
compressive bandage

Fig. 18.3 Geriatric 
transfemoral prosthesis 
with flexible ischial 
containment socket and 
unlocking knee

A. Amoresano et al.



157

issues and, consequently, to gait problems, not to mention pain, wounds, sores, and 
rapid muscle fatigue, which may ultimately result in depression, reject, and abandon-
ment of the prosthesis for the majority of patients.

The application of a definitive (customized) prosthesis should also be carefully 
considered and followed by the renewal of the socket, after the stump stabilization.

The prostheses for geriatric patients must be designed considering technical and 
technological solutions that impact on three essential elements (Fig. 18.3):

• Lightweight, or weight containment
• Safety, to avoid falls
• Comfort

Fig. 18.4 Harmony system
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Maintaining a lightweight structure aims to limit the metabolic energy expendi-
ture (exhaustion) during gait. This essential target is always useful after proximal 
amputations, due to the limited resources of high-level amputees. The weight of the 
prostheses can be limited, mostly through a careful choice of socket materials, con-
necting tubes and joints. The application of carbon fiber in the socket, instead of 
standard materials, enables to reduce the wall thickness and, accordingly, the weight. 
Connecting tubes and joints (knee and ankle), made of light alloys, titanium, or car-
bon fiber, reduce the weight by 25% compared to standard steel, with no effect on 
functionality and maximum load of the prosthesis. The choice of the solid ankle 
cushion heel (SACH) foot, specifically designed for geriatric amputees, can further 
support prosthesis weight reduction, thanks to its low weight (350 g) compared to the 
commonly applied prosthetic feet (about 550 g) [11]. Moreover, a geriatric foot 
designed with a low effective foot length improves the satisfaction and reduces prox-
imal anterior socket pressures for poor-performing persons with transtibial amputa-
tion [12]. However, all these efforts can be vanished by the use of heavy footwear.

Safe prosthesis should avoid patient’s falls, which can have dramatic effects in the 
elders. Safety is primarily achieved by the connection between the stump and the socket 
and by the prosthetic knee, if it is necessary. The safest knees feature a locking mecha-
nism during walking, and the lock is removed only when sitting [13]. Due to their sim-
plicity and limited functionality, compared to mono- and polyfunctional devices, these 
knees contribute to a further weight reduction. For instance, the lightest knee available 
is just 295 g and it is made of aluminum alloy. Recently, a new electronic knee, suitable 
for K2 patients, has been introduced on the market (Kenevo) and can be used with the 
joint either locked or unlocked, which is the goal of geriatric patients. Thanks to the 
electronic control, patients can take advantage of a highly safe articulation in potentially 
risky activities: uneven terrain, ramp ascending/descending, etc. However, the knee has 
a non-negligible weight (about 1.200 g) that must be taken into account.

The socket is equally essential for prosthesis control and safe gait. Ambulation is 
compromised when some room exists between the socket and the stump, even when 
the volume of the stump and the weight [14] of the patient are stabilized. In that 
case, the patient perceives the weight of the prosthesis as heavier, even when it is 
objectively lightweight. Possible solutions to this problem include using comfort-
able liners [15] (styrene, polyurethane, silicone gels, etc.) donned on the stump for 
transtibial and transfemoral amputees. In fact, liners ensure protection to the stump 
and are connected with the socket, by means of pins, straps, and magnets. Stump 
volume variations can be managed with one or more socks of variable thickness.

Harmony (Ottobock, D) is an alternative system specifically developed for vas-
cular transtibial amputees (Fig. 18.4). A prerequisite for its application is the ability 
of the stump to tolerate the loading on its full surface. The socket, a total surface 
bearing (TSB) socket, is proximally sealed by a suspension sleeve. This device is 
essentially a pump which expels the air trapped inside the socket during socket don-
ning. The extracted air generates a specific depression value, below the ambient 
pressure, and this effect enables the reactivation and maintenance of tissue perfu-
sion, especially in the distal part of the stump, limiting volume variations. 
Nonetheless, the Harmony system has two disadvantages: the high cost and an 
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increase in weight of the prosthesis (about 300 g). These inconveniences are how-
ever compensated by both the high suspension and prosthesis control level that the 
system ensures.

The prosthesis comfort is deeply connected to the technics and technologies that 
can mitigate the impacts on the stump, in particular in the areas sensitive to loads or 
pressures, avoiding, in this way, the occurrence of sores, wounds, and ulcerations. 
The skin of geriatric patients is often fragile and poorly hydrated, due to reduced 
vascularization, and has often a thin wrapping over bony prominences. Possible 
interventions to increase comfort are stump protection from stress of weight bearing 
(body weight) and a uniform distribution of stress over the entire surface of the 
stump. Stump protection can be achieved with the use of liners (styrene, polyure-
thane, silicone gels, etc.) combined with distal connection systems (as described 
above) or hypobaric [16]. Liners are always required for transtibial patients to pro-
tect the bony prominences (tibial ridge, tibial tuberosity, and head of the fibula). The 
presence of a distal cup with a thickness of 15–20 mm is particularly important in 
these liners for protecting the end of the stump.

The uniform distribution of loading is also achieved with specific shapes of the 
socket. In transtibial amputees, the TSB socket, which features the absence of a 
loading on the popliteal fossa, the loading under the patella and supracondylar 
walls, should be used. Suspension can be active (Harmony) or passive (one-way 
valve and kneepad or hypobaric system); active vacuum systems eliminate the 
greatest majority of the air between the liner and the socket, regulating the vacuum 
in a defined range. The system stabilizes the volume of the residual limb, and the 
high adhesion facilitates the control of the prosthesis.

An ischial containment socket with flexible walls should be adopted in trans-
femoral amputees with a stump in viable conditions and suitable length. This socket 
has the advantage to reduce ischial loadings (typical of the quadrangular socket) and 
to offer patients a better comfort (due to flexible materials).

It is worth remembering that the socket with flexible walls was proposed for the 
first time by J. Sabolich in the early 1980s, specifically for geriatric transfemoral 
patients, with the aim of increasing comfort in respect to rigid wall sockets and 
allowing small changes of volume to the stump, to some extent.

In conclusion, the prosthesis for an elderly patient should not be considered, as 
is usually done, unworthy of modern technologies, but an instrument for improving 
quality of life and the choice of components, times, and outcomes should always be 
carried out by a team specialized in this field of rehabilitation [17, 18].
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19Gerontechnology, Domotics, 
and Robotics

Patrizio Sale

19.1  Introduction

Demographic studies show a continuous increase in the European population and 
aging: the number of people older than 50 years has exceeded 150 million. In par-
ticular, the population of the EU-28 on 1 January 2015 was estimated at 508.5 mil-
lion. Older persons (aged 65 or over) had an 18.9% share (an increase of 0.4% 
compared with the previous year and an increase of 2.3% compared with 10 years 
earlier) [1]. Independent living of senior citizens is one of the main challenges 
linked to the aging population, due to the impact on (a) the life of the elderly people, 
(b) the national health systems, (c) the insurance companies, (d) the relatives, and 
(e) the caregivers. However, quality of life for the aging population is associated 
with the ability of the elderly people to live independently and with dignity without 
having the need to be attached to their children, grandchildren, or any other person 
whose help would they need for their daily life and social behavior.

Senior citizens may suffer from a number of diseases, which result in a higher 
risk of fall and a higher vulnerability for cardiovascular, pulmonary diseases and 
decline of memory function. This creates a growing interest in technologies to 
enable older people to remain living independently at home [2]. In particular, the 
physical inabilities which inevitably come with aging, together with the need of 
health monitoring, demand special attention which used to be possible only in 
healthcare structures. It is well known that the geriatrics subjects need help and/or 
assistance in all daily activities and in memory functions and health monitoring to 
remove the burden from the caregiver. The activities of daily living (ADL) for the 
old population in general are divided into basic ADLs and instrumental ADLs:
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 1. Basic ADLs consist of these self-care tasks: bathing, dressing and undressing, 
eating, transferring from bed to chair and back into bed, voluntary control over 
urinary and fecal discharge, using the toilet, and walking (not bedridden).

 2. Instrumental ADLs are not necessary for fundamental functioning, but enable 
the individual to live independently within a community (light housework, pre-
paring meals, taking medications, shopping for groceries or clothes, using the 
telephone, managing money).

One of the current and future challenges in health and chronic disease manage-
ment is an active participation of citizens and patients themselves in the healthcare 
management process. The patients’ involvement in managing their own health and 
enhancing the awareness of their role in the framework of a collaborative and con-
tinuous care practice is very important. Currently, to reach these objectives, we can 
use new technologies based on monitoring system that include the connection of all 
required sensors to the system, under the paradigm of the Internet of Things, and 
sending the information to a communication layer that distributes all those signals 
to the corresponding system component to be properly processed.

One of the driving factors of the current electronic revolution is the vision that 
computing will pervade our environments. Any meaningful device or object of our 
everyday life will be capable of performing calculations and, at the same time, com-
municating transparently with any other computing device, may that be in its physi-
cal environment or remotely connected.

19.2  Gerontechnology

The gerontechnology is a new branch of assistant technologies in health and social 
domains combining gerontology and technology. The primary fields of application 
concern technological environments to health, housing, mobility, communication, 
leisure, and work of older people [3]. In particular, gerontechnology can help elderly 
people to identify and slow down the effects of the age-related modifications of the 
neural and musculoskeletal systems.

The management of chronicity and continuity of care can make use of innovative 
technologies, such as telemedicine, telehealth, and more generally information and 
communication technology (ICT), to ensure a networking operating mode for the 
total and continuous care of people with chronic disease. These new approaches are 
made possible thanks to recent advances in various fields such as sensor systems 
and smart devices that allow the analysis of data in real time. A wide range of these 
new technologies, including inertial sensors and video technologies at low cost, 
have recently been tested and in some cases combined, opening up new perspectives 
for relevant applications in the field of rehabilitation.

The purposes of bioengineering research in these fields are to develop new meth-
ods for the assessment of the limitations of such subjects and providing to physi-
cians the tools to adapt and to improve interventions for motor and cognitive 
rehabilitation. At the same time, based on the results gathered, we could minimize 
if not eliminate the regular visits at home from medical personnel.
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Health-enabling technologies and smart home technologies have been identified 
as potential measures to alleviate the consequences that demographic change will 
effect on societies [4]. These technologies offer support in terms of “patient empow-
erment,” i.e., in a person’s own health management [5], making more health-related 
data available than ever before.

19.3  Domotics

By the late 1990s, the term “domotics” was commonly used to describe any system 
in which informatics and telematics were combined in order to support activities at 
home. This word appears to be a portmanteau word formed from “domus” (Latin, 
meaning “house”) and informatics. Therefore, it refers specifically to the applica-
tion of computer and robot technologies to domestic appliances.

Smart houses (or homes) are known by a variety of names, including intelligent 
homes, home networking, home automation, sensor-embedded houses, and adap-
tive homes. Smart home technology refers to installing a home monitoring systems 
(sensors, actuators, and biomedical monitors) and special wiring to enable residents 
to program, control, and operate an assortment of appliances and other household 
features throughout the house. Smart homes have been defined as the integration of 
technology and services through home networking for a better quality of life [6]. 
Monitoring devices, such as sensors, are small and can be installed anywhere—
inside or outside the home or worn by an individual.

A major focus of this technology, which has existed since the 1980s, has been to 
provide convenience, personal comfort, security, and energy conservation. While 
smart house technology has primarily focused on convenience and energy efficiency, 
this technology is increasingly targeted for use by people with disabilities and for the 
care of frail older adults—providing safety, security, and ease of self- management, as 
well as providing both on-site and remote monitoring and healthcare.

This recent increase in interest is related to:

 (a) Its practicality in supporting the ability of older adults and people with disabili-
ties to remain living independently and self-managing in their own homes for 
longer periods of time, supporting a major preference of all people to “age in 
place” in the living environment of their choice

 (b) Its ability to support the significant efforts of family caregivers
 (c) Its cost savings through reducing the need for expensive personal aid assis-

tance, through reducing the need for in-person medical care, and through delay-
ing or avoiding costly institutional care.

In particular, we can use the sensor’s signals: continuous real-time measurements 
obtained from specific devices at different frequencies that observe the person, iner-
tial sensors providing information about physical activity (sleep sensors, electroder-
mal activities, etc.), sensors measuring vital constants (arterial pressure, temperature, 
heart rate, sweating, body temperature, ECG signals, peripheral blood saturation, 
blood glucose level), environmental sensors (room humidity (dump), room 
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temperature, air quality, food sensors), Kinect sensors or video cameras (for motion 
capture during physical neurorehabilitation or authorized activities of daily life that 
will detect incorrect performances), or virtual symbolic sensors. Moreover, also the 
social network activity provides data for monitoring the emotional status of the per-
son and its relationship with the community, among others (Fig. 19.1).

Smart home technology can also aid in disease prevention—for example, pro-
viding inconspicuous memory aids, such as medication reminders, or refrigerators 
that can evaluate an inventory of contents and provide suggestions for menus, 
healthy choices, and a list of groceries that need to be purchased. Vibrating bracelets 
or audible prompters can remind people when to eat or when to go to the bathroom, 
and other wrist devices monitor pulse rates and skin temperature. Sensors and wire-
less devices are being used in homes to monitor individuals’ vital signs and whether 
medication has been taken, with this information sent wirelessly, through a sensor 
in the home or on the individual to the doctor or to family members—which is an 
added benefit for people who are homebound, are living in more remote rural areas, 
or are without immediate access to healthcare.

Several publications were identified about devices targeting:

 1. Social isolation (videophonic communication, affective orthotic devices or 
companion- type robots, personal emergency response systems [security])

Fig. 19.1 A conceptual schema of the system and the interaction among all the subsystems 
included in the platfv
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 2. Autonomy loss (technologies for maintenance of autonomy in the ADL)
 3. Cognitive disorders (cognitive orthotics, wandering management systems, tele-

monitoring) [7–10]

To analyze and to use all these data, we can use the artificial intelligence and in 
particular the area of decision support systems (DSS) and intelligent DSS (IDSS) to 
focus on developing interactive software that can analyze data including specific 
domain knowledge and automatic reasoning capabilities and provide answers to the 
relevant decisional questions from the users, thus enhancing a person or group to 
make better decisions [11]. Creative use of information technologies should facilitate 
the organization, presentation, and integration of this information to obtain individu-
alized and systematic clinical decisions, predicated on individual patient’s priorities 
[12]. The capability to provide a distance-based service is expected to eliminate bar-
riers (e.g., logistical, geographical, administrative, etc.) that are currently hindering a 
stronger penetration of “traditional” hospitalized rehabilitation services (Fig. 19.2).

The use of ICT and domotics in general is changing the paradigm, extending 
with no limit the coverage area, and therefore allowing for a strong economy of 
scale. One of the barriers to the diffusion of e-Health is the digital divide, as the dif-
ficulty/inability of access to the network (in this case we talk about the digital divide 
“absolute”) as well as a lack of basic knowledge enabling the use of digital tech-
nologies. The resources and satellite telecommunication services allow filling in the 
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gaps and delays in the spread of broadband: on the one hand, they are the only pos-
sible solution to the digital divide absolute (pure scenery satellite) and, on the other 
hand, they can increase the quality of telecommunications, where digital terrestrial 
service is already available (hybrid terrestrial and satellite scenario) [10] (Fig. 19.3).

19.4  Rehabilitation Robotics

In the field of telemedicine, robotic devices were used to help and improve the 
motor performance in older subjects. Rehabilitation robotics (RR) and the assistive 
robotics (AA) are branches of robotics, which focus on devices or machines that can 
help people with disability to recover and provide support in case of severe disabil-
ity or physical trauma. It is unclear when this specialty was born, but the first clini-
cal robot applications were powered human exoskeleton devices in the 1960s.

The RR and AA devices can be classified as exoskeleton, end effector, and wear-
able. All these robots are designed around the function and shape of the human body 
while the human is able to control the robotic limbs.

Numerous robotic devices for the upper and lower limb and hand function with 
various levels of complexity and functionality have been developed over the last 
20 years. In this field, clinicians, therapists, and engineers collaborate to help the 
subjects with the impairments. Prominent goals in this field include developing 
implementable technologies that can be easily used by patients, therapists, and 
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clinicians; enhancing the efficacy of clinician’s therapies; and increasing the ease of 
activities in daily life.

The development of robot-aided tools for geriatric rehabilitation is a very stimu-
lating prospective when considering their highly rehabilitative and assistive poten-
tials. The main characteristics of all robot-aided treatment are the possibility to 
administer high-intensity and repetitive therapy. In fact, chronic subjects showed 
significant improvement in motor functions with intensive robot-assisted training, 
which may supplement the standard multidisciplinary rehabilitation programs, as 
our studies demonstrated [13, 14]. In particular, various robotic devices that assist 
and train upper extremity movements and hand function with various levels of com-
plexity and functionality have been developed in the last 10 years. These devices 
range from simple mechanisms that support single-joint movements to more com-
plex mechanisms with as many as 18 degrees-of-freedom (DOF) for multi-joint 
movements of the wrist and fingers.

The first results from clinical studies indicate that robot-assisted hand rehabilita-
tion reduces motor impairments of the affected hand and the arm and improves the 
functional use of the affected hand. The different motor impairments of the hand 
can be viewed as resulting from problems in either motor execution or motor plan-
ning/learning. Deficits in motor execution result from weakness of wrist/finger 
extensors, overactive wrist/finger flexors (increased tone and spasticity), co- 
contraction, impaired finger independence, poor coordination between grip and 
load forces, inefficient scaling of grip force and peak aperture, and delayed prepara-
tion, initiation, and termination of object grip (Fig. 19.4).

Fig. 19.4 Fingers 
Extending eXoskeleton 
(FEX) for rehabilitation and 
regaining mobility (Patent: 
PCT/IB2015/059313)
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Various devices are described in literature and have been developed to train the wrist/
forearm movements, individual finger movements, simultaneous finger and thumb 
movements (such as palmar or precision grasp), or a combination of these [15, 16].

Robotic gait training uses several devices to assist the patient move and maintain 
balance. Canes, crutches, walkers, and platforms are simple ambulatory-assistive 
devices that modify a patient’s independence and functional mobility. Robot-aided 
walking and wearable robotic exoskeleton are considered a promising tool for gait 
rehabilitation in various diseases [16].

The robotic devices have been developed to relieve physical therapists from the 
strenuous and not ergonomic burden of manual body weight support (BWS). 
Furthermore, the use of robotic devices is currently advised to prevent the risk of 
falls and to improve gait velocity, keeping patients safe. The robotic machines can 
be used either as exoskeleton or end effectors, allowing practice up to 1000 steps for 
each session. Currently, a robotic task-specific repetitive approach, i.e., numerous 
practices of complex gait cycles, is regarded as the most promising to restore motor 
function after neurological or orthopedic diseases. Moreover, exoskeleton devices 
can be used to give inpatients an intensive program (in terms of many repetitions) of 
complex gait cycles and to allow their use in outdoor conditions [17–19].

 Conclusion

Technological innovation in smart home, robotics, and ICT represents an effec-
tive solution to tackle the challenge of providing social sustainable care services 
for the aging population. The recent introduction of wearable technologies is 
opening new opportunities for the provisioning of advanced gerontechnology 
services based on the cooperation of a number of connected robots, smart envi-
ronments, and other devices.

Key Points
• New devices were developed to help older subjects with limitation in daily 

activities and memory functions and for health monitoring in order to 
remove caregiving burden.

• Smart homes have been defined as the integration of technology and ser-
vices through home networking for a better quality of life.

• The term “domotics” was commonly used to describe any system in which 
informatics and telematics were combined in order to support home activi-
ties. This word refers specifically to the application of computer and robot 
technologies to domestic appliances.

• Rehabilitation robotics (RR) and the assistive robotics (AA) are branches 
of robotics, which focus on devices or machines that can enhance recovery 
in people with disability or help them in daily activities.

• Robot-aided walking and wearable robotic exoskeleton are considered a 
promising tool for gait rehabilitation in various diseases.
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20Telemedicine and Physical Medicine

P. Rumeau

20.1  Relevance

Telemedicine is a way of practicing medicine, from a distance, with the use of infor-
mation and communication technologies (ICTs).

At home, family physicians may refrain from referring to a geriatric rehabilita-
tion specialist due to the long travel required. In institutions, residents usually have 
quality care (physical, occupational and speech therapists, psychologists, nursing), 
but physical medicine and specialized geriatric medicine are not usually available.

Geriatric rehabilitation medicine needs multidisciplinary work. But communica-
tion is difficult in practice. People available at the place of living of the patient and 
remote consultants cannot discuss the case together. Telemedicine is fostering col-
laboration; high level of academic knowledge on geriatrics, physical medicine, and 
care by the consultants may add to practical knowledge of the same and a better 
awareness of the patient’s way of life by homecare professionals and family care-
givers. Diagnosis and treatment can be customized to the patient’s ecological needs.

20.2  Definitions

Telemedicine: The American Telemedicine Association (ATA) defines telemedicine 
as a clinical activity aiming at the direct improvement of the patient’s condition [1].

Telehealth: It addresses the technical aspects, mostly network and 
organization.
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Telecare: It focuses on the place of living.
Digital medical records: These are required for telehealth but considered 

separately.
E-Health: For WHA “…eHealth is the cost-effective and secure use of informa-

tion and communications technologies in support of health and health-related fields, 
including health-care services, health surveillance, health literature, and health edu-
cation, knowledge and research…” [2].

Telecom: If there is no “signal” there is no telemedicine; therefore “no electric-
ity” means “no telemedicine.”

Bandwidth: It is the flow rate of information both in terms of emission (upload) 
or reception (download). We must be sure that the information will transfer com-
pletely and in a timely way; broadband ADSL is acceptable if access is good; other-
wise warranted bandwidth is required.

Data: These include the medical information and functioning follow-up also 
called “logs” (e.g., who connected to the records, when, what they did). The medi-
cal information has to be available to both sides (applicant and consultant); each has 
rights to modify their part.

Server: Data servers do abide the personal data protection rules, are avoiding 
intrusion, and warrant safe conservation. Cloud applications are not yet eligible.

Meeting room or point-to-point connections for videoconferencing (or 
audio): A point-to-point call, like a phone call, does not require any scheduling. 
Using a meeting room, each of the participants calls the same address on a server. It 
allows recording, access with a regular phone, technical monitoring, and support, 
but reservation is required.

PiP: “People in picture” is a small picture in a corner of the screen feeding back 
on what the other side is seeing. It is most useful to check one is seen (in the field of 
the camera with proper light). It gives the patient the feeling of controlling the 
image he is showing.

20.3  Legal and Ethical Issues

Most countries apply common medical rules to telemedicine. The 2004 legal defini-
tion in France used to put an emphasis on “perform medical acts in full respect of 
deontology but remotely” [3]. The main common legal aspect in telemedicine is the 
“medical” nature and the use of ICTs. The major consequence is that all the require-
ments derived from the oath of Cos in our legislations apply to telemedicine:

 1. Those who practice telemedicine have to be fully qualified to perform a medical 
act on the remote patient where the patient stands. As an example, in the USA, 
only physicians from the armed forces can perform medical acts for military 
people all over the country, while civilian doctors can only work in the state 
where they are registered.
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 2. Telemedicine should be performed, isolated, or as part of a care process, only 
if the physician overseeing the act is thinking that telemedicine is for that 
patient, under the prevailing conditions, the most efficient or the most accept-
able option.

 3. The patient has the possibility to give, refuse, or withdraw his informed consent 
regarding the medical act itself but also the transfer and saving of his medical 
data.

 4. The medical act has to be saved in the patient’s medical records.

Regarding the use of ICTs, the physician should make sure that the technol-
ogy is fit for telemedicine and covered by a guaranty by the service provider. 
The main issues with the technical service are the quality of the data transfer 
(not losing or corrupting information) and a security level sufficient to protect 
medical secrecy. Another issue is medicolegal responsibility: Are data saved 
efficiently and neutrally regarding the actors? In case of trouble, is it possible 
to know who did what and when, according to what information? Each partici-
pant bears full responsibility but only for what is his or hers business/
responsibility.

The issue of responsibility may seem deterrent, but actually nothing is differing 
from consulting a patient referred by a colleague or prescribing rehabilitation. In 
daily practice, the legal risk is small because of better communication.

The patient’s own physician is in charge of organizing care. Daily practice shows 
that if the patient’s physician is, at least informed, at best involved, telemedicine is 
much more efficient.

Due to the multidisciplinary and the highly communicative nature of telemedi-
cine, it is quite tempting to use it as a way of educating the participants. This is quite 
natural but ethical issues arise. The person presenting the case may wander out of 
the actual case for the sake of teaching and cause confusion with the care process. 
If real cases are used “real time,” there is also a risk that a person attending might 
learn about the patient without his or her consent.

20.4  Telemedicine Acts in Geriatric Rehabilitation

• The patient is present and examined and/or cared during the act.
• The patient is not examined, and the diagnosis or therapeutic decisions are 

discussed on the medical records. The decision, regarding patient’s health, 
may be synchronous, i.e., real-time discussion between the actors. 
Otherwise, it may be asynchronous: the question is sent with the records to 
the consulting specialist who answers without direct contact with the 
applicant.

See Table 20.1 for more details.
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20.5  The Process of a Telemedicine Act

A telemedicine act is a sequence of actions. We will describe the process that was 
implemented at Gérontopôle Toulouse (France) for patients from nursing home 
partners of the telemedicine project (Fig. 20.1).

The nursing home asks for a telemedicine appointment during the follow-up of a 
patient of Gérontopôle or as a first time expertise. The patient may be referred by 
the nursing home (i.e., by the nursing staff with the agreement of the patient’s fam-
ily physician and in collaboration with the coordination physician in case of chronic 
wounds, behavior problems, etc.) or by the patient’s physician (in case of difficult 
diagnosis). The applicant contacts the coordination assistant (CA) by phone or 
secure email. The CA organizes for all the actors to be available, checks records are 
properly transmitted, organizes the availability of the “meeting room,” and emails 
the date of the appointment and the directions to get connected. If advice is required 
on the most adequate consultant for the case, the CA will refer to the physician in 
charge of coordinating the telemedicine activity for proper choice.

At the said time, the actors connect. All, but only, the persons relevant to the case 
of the patient are present. Being in time is most important. Both sides check they 
can see and hear one another (PiP), everybody greets each other, patient first if pres-
ent. The consultant notes all the persons attending with their profession or role. The 
act proper starts. This may include discussion of films, pictures, or X-rays presented 
during the act. When an agreement is reached by the participants on the diagnosis 
and treatments, the consultant writes a report on the telemedicine medical records 
(TMR), as an answer to the request form from the applicant. The applicant gets the 
report on the TMR and adds it to the patient’s records.

Telemdicine
Coordination

Physician

Coordination
AssistantConsultant

Nursing Home
Coordination

Physician

Nurse

Nursing
home

Patient

Family
Physician

Fig. 20.1 UML diagram of actors for the provision of telemedicine for nursing homes in the north 
of Haute Garonne by Gérontopôle. Full arrows are showing compulsory participations, dotted 
arrows are showing conditional participations

20 Telemedicine and Physical Medicine



176

20.6  Case 1: Physical Medicine in Palliative Care

Mr. B, 88 years old, has a medical history of diabetes mellitus under insulin treat-
ment, widespread atheroma, and vascular dementia. He is referred by his GP for 
chronic wounds of the toes since a month and a half. A first tele-expertise is orga-
nized with the chief nurse. The pictures are provided via the TMR, and the discus-
sion leads to a diagnosis of distal gangrene (I and II on the left, II and III on the 
right) and mixed pressure and ischemic, stage IV, sore (right M5 basis). 
Mummification of the toes and, on the fifth metatarsal, leaving the hydrogel for 
longer lasting wound debridement, is agreed. Morphine before dressing and adapted 
shoes are prescribed. One month later, the wounds have evolved as expected. The 
patient can stand and walk two paces without pain. However, 2 weeks later, the fam-
ily says they don’t want the patient to walk; this causes a major setback of patient’s 
capabilities and the genuflexum worsens. Therefore, we agree for aided standing to 
lessen patient’s ischemic muscle pain of lower limbs.

One month later, the physical therapist (PT) is present at the meeting, and the 
patient can stand by himself with no pain. The flexum, unfortunately, could not be 
avoided and is a limit to walk. The patient will eventually die of heart 
complication.

The patient would not have been able to stand repeated hospital transfers. Thanks 
to telemedicine, fostered by the patient’s GP, he had appropriate care through global 
multidisciplinary management without moving from the place where he lived. This 
has spared him pain and has allowed him to stand and walk a bit, which he seemed 
to enjoy.

20.7  Case 2: Electric Wheelchair Prescription for a Patient 
Living at Home with a Cognitive and Motor 
Degeneration

Mrs. C, 75 years old, lives at home and has been diagnosed a frontotemporal degen-
eration with aphasia and motor control limitation (right hemiparesis) since 3 years. 
The patient is referred by the occupational therapist (OT) of the dementia home 
rehabilitation team. The patient’s daughter had asked if she could benefit from an 
electric wheelchair for better autonomy indoors and easier social participation out-
doors. Mrs. C lives in a ground floor flat; she cannot use a manual wheel chair out-
doors due to fatigue. The testing by the PT shows a fair control and limited apraxia 
on the upper limbs and a major walk apraxia. The evaluation by the speech therapist 
shows an anterior aphasia with preserved work and procedural memory. Learning 
capabilities are also spared.

The OT, who attends the telemedicine session with the patient’s daughter, pro-
vides a filmed evaluation of the test use of an electric wheelchair: home navigation, 
transfers, avoidance of obstacles, and observation of patient’s strategy in case of 
double task. After discussion, the electric wheelchair is prescribed; it later proved to 
be a successful strategy.
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Telemedicine allowed in this case a joint home evaluation by OT and 
physiatrist.

20.8  Case 3: Pressure Sore Healing and Beyond

Mrs. T, 90 years old, lives in a remote country nursing home; she was first referred 
to our day hospital because she was bedridden and had developed a sacral pressure 
sore. We found global lower limbs failure without spasticity, and diffuse arthrosis, 
dementia, and hyperthyroidism were suspected. She complained of pain, her motor 
scheme was greatly perturbed, and she had a major fear of walking. Her mood was 
bad.

Physiotherapy targeted muscle strengthening of the lower limbs and closed- 
chain seated work to improve proprioception while avoiding joint pain.

Two weeks later, during tele-expertise assessment, her nutritional status is 
improved, hyperthyroidism is confirmed, and treatment is started.

One month later, the patient can stand for a short time with some support. She is 
limited by shoulder and knee pain.

The next month, the PT attends the session: force is improved but there is a distal 
hamstring tendonitis associated to femoro-tibial osteoarthritis. This time, she 
receives topical anti-inflammatories on the lateral knee and is referred to day 
hospital.

Testing with intra-articular lidocaine confirms the intra-articular origin of pain; a 
lack of force (quadriceps 3−/5) is still present after analgesia. As a consequence to 
the day hospital, she receives viscosupplementation in a separate outpatient appoint-
ment (sodium hyaluronate 10 mg for 2 ml).

The next telemedicine session is attended by the patient herself, her PT, the coor-
dinating physician, and head nurse of the nursing home: the patient has benefited 
from an increased weekly number of physiotherapy sessions, she walks over 10 m 
with a walker, she washes in the bathroom (instead of her bed) with some assis-
tance, she needs some help for the transfers, and her nutritional status is improving 
while her hyperthyroidism is under control. Eventually, her diagnosis of dementia 
proved to be wrong: she had overcome her depression, and there remained no cogni-
tive deficit. The pressure sore healed fully.

20.9  Implementation

Technology is not a problem anymore; however, telemedicine is still scarcely used: 
a change in medical practice is often complicated.

In this paragraph, we propose a “to-do” list, in order to help those who wish to 
develop a telemedicine activity:

• Contact colleagues with practical experience.
• Assess medical needs as opposed to fashion.
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• Get the stakeholders involved from the early stages of the reflection (find moti-
vated local opinion leaders) and get the required political support.

• On the one hand, do not overestimate the expected activity level. In the begin-
ning, you will have increased work to resorb prevalence of the problem you are 
addressing, but then only the incidence will drive the activity.

• On the other hand, do not underestimate the impact of telemedicine: mentoring 
effect can spread knowledge and good practices. Another benefit is that improved 
care can reduce burden for the staff.

• Make sure you will get the proper workforce including support personnel and 
medical service provision (volunteering medical and paramedical staff with ded-
icated time slots).

• Get the proper procedures and agreements in order to integrate telemedicine to 
the rest of the healthcare system and to make the regulatory tracing easier.

• Don’t forget patients’ information and consent, including when the family or a 
legal representative is involved.

• Take into account that telemedicine requires funding before the first profits can 
materialize. Think about what type of indexes you are going to provide to prove 
your activity is worth the expense.

 Conclusion

The major limit to telemedicine development is still the generally poor market 
model. In countries with a national health service, the issue is the funding priori-
ties and care accessibility; in the countries where medicine is mostly private, the 
question is how (and how much) the patient will pay. In those countries that fol-
low a Bismarck model, insurance companies have to make a decision according 
to the benefits they expect in terms of savings and confronting these benefits to 
the affordability of the technical infrastructures.

Telemedicine fully deserves its position within the array of medical services. 
It facilitates multidisciplinary teamwork, and this is relevant in care and rehabili-
tation of sick and handicapped elderly people who live in nursing homes or 
receive home services. In our experience, telemedicine, as a part of the care flow 
for older people, is highly beneficial and worth the effort.

To date, telemedicine research is slowly shifting from proving acceptability 
and feasibility to proving medical efficiency; however scientific works in this 
domain are still scarce. The reasons are multiple: scientific, ethical, and practical. 
Means are limited, and evidence-based medicine proofs are costly and require a 
normalized population (much unlike those we care for). Shouldn’t we use, as we 
start, well- documented medical cases with discussion of the related literature to 
prove its efficacy? And then, when we will have enough activity to compare the 
data, could we improve the proof level using proper benchmarking with relevant 
selection criteria and markers?
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“Take-Home Ideas”
Telemedicine is a medical activity.

Regular medical deontology and rules apply to telemedicine.
Telemedicine fosters multidisciplinary work.
A telemedicine act requires proper recording.
Physicians should only practice telemedicine with dedicated/fit 

technology.
Telemedicine is deployed to optimize care processes: it has to respect med-

ical uses and customs.
Funding is a major issue.
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21The Role of Nutrition in Rehabilitation 
of Older Adults

Cornel C. Sieber

21.1  Introduction

Orthogeriatric patients, one of the most frequent patient groups within geriatric 
rehabilitation units as well as patient post stroke—for dysphagia, see special chap-
ter—often have nutritional problems. According to the screening and assessment 
methods used, the prevalence is 38–68% for the risk of malnutrition and 9–37% for 
overt malnutrition [1–4]. Malnutrition per se is already a risk factor for falls and 
fractures. Importantly, malnutrition in orthogeriatric patients is linked to a worse 
outcome with negative consequences both for positive rehabilitative results as well 
as for quality of life [1, 3, 5]. Inversely, the awareness of nutritional problems in this 
frail patient group in the rehabilitative setting is low.

Management of nutritional problems also includes, besides an adequate qualita-
tive and quantitative intake of macro- and micronutrients, the patient’s preferences 
as well as a sufficient fluid intake. As a matter of fact, older adults often show low 
fluid intake as thirst is usually diminishing with aging. Moreover, they often decrease 
their fluid intake to lower urine production and, therefore, the need for toileting 
(with or without help). All these factors increase the possibility of dehydration. 
Dehydration on the other hand is a risk factor for constipation, renal failure, falls, 
and also delirium.

The risk for and overt malnutrition are very frequent in this patient group of 
(ortho)geriatric patients. Especially in the rehabilitation setting, the patients often 
have not eaten enough before they were transferred to the rehabilitation center. 
Malnutrition is correlated with worse outcomes and even mortality in this care 
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setting. Patients with signs of malnutrition experience longer periods of rehabilita-
tion to regain functional independence [6].

21.1.1  Sarcopenia, Frailty, and Cachexia

21.1.1.1  Sarcopenia
Sarcopenia is present when there is a less-than-expected muscle mass in an indi-
vidual of a specified age, gender, and race [7]. Sarcopenia has emerged as a core 
concept to understand function and by that independence in older age. As muscle 
mass counts for about 40% of body mass, its decline with age is not just a part of 
senescence. In sarcopenia, the muscle is replaced by other tissue types, espe-
cially fat mass. After the age of 50 years, about 1–2% of muscle mass is lost 
every year. In addition, muscle strength decreases even faster with age, demon-
strating that muscle mass is only partially responsible for strength and function-
ality in old age.

Even though the focus of sarcopenia research has mainly been concentrated to 
locomotion (e.g., gait speed, falls), muscle tissue is abundant and important in other 
body tissues. Loss of muscle mass in these organs also hampers functionality in 
affected persons. As for frailty (see below), sarcopenia may aggravate other diseases 
as well as their prognosis by negatively influencing their progress. Such diseases 
include congestive heart failure, chronic obstructive lung disease, diabetes mellitus, 
chronic kidney disease, diabetes mellitus, and even stroke and dementia. All these 
diseases are often part of the multimorbidity as seen in patients in a rehabilitation 
setting.

International consensus conferences have agreed on the definition of sarcopenia 
[8–11]. It always contains the measurements of the muscle mass (mainly by densitom-
etry (DXA) or by bio-impedance analysis (BIA) (8.9) (Table 21.1). In addition—and 
this is different for example to the diagnosis of osteoporosis—a functional decline has 
also to be diagnosed. Here, either gait speed or handgrip strength is accepted. For 
more details, please see also the respective separate chapter in this book.

An upcoming clinical challenge is the fast growing overweight or obese popula-
tion, which is also often seen in older adults. Even if their body mass index may be 
high, this does not exclude that these persons suffer in parallel of a sarcopenia, with 
even worse consequences for functionality. This indeed unhealthy combination is 
called sarcopenic obesity [12]. Even we understand more and more the pathophysi-
ology behind sarcopenia, the diagnosis is still a matter of debate as the specific 
therapy [13]. This entity may even be combined with osteoporosis, now called 
osteosarcopenia [14].

Table 21.1 Sarcopenia 
according to the European 
Working Group on 
Sarcopenia [10]

Decrease muscle mass (mainly measured by DXA or BIA)
Plus
Decreased gait speed (0.8 m/s) and/or decreased handgrip 
strength
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21.1.1.2  Frailty
Frailty may be regarded as a geriatric syndrome of decreased reserve and resistance 
to stressors, resulting from cumulative declines across multiple physiologic sys-
tems, causing vulnerability to adverse health outcomes including falls, hospitaliza-
tion, institutionalization, and mortality. Concepts on the pathophysiological 
background of the frailty syndrome focus on inflammatory processes, hormonal 
changes, and body composition.

Nevertheless, some characteristics of frailty apply for normal aging like reduced 
physiologic reserve, decreased organ function and functional reserve, and loss of 
complexity. According to some authors, it might therefore not be possible to distin-
guish frailty unambiguously from advanced stages of the aging process.

The two most widely utilized approaches are the phenotypic definition of frailty 
developed by Fried and co-workers based on data from the Cardiovascular Health 
Survey [15] and the Frailty Index developed by Rockwood and co-workers [16]. 
The Fried definition proposes five items: weight loss, exhaustion, weakness, slow 
walking speed, and low levels of physical activity [15]. Frailty is diagnosed when at 
least three criteria are met. An individual is said to be pre-frail when one or two of 
these criteria are present.

A series of studies concentrated on the relationship between nutrition and frailty. 
It was shown that frailty is significantly associated with a daily energy intake below 
21 kcal/kg body weight as well as a low protein intake [17]. The simultaneous prev-
alence of more than one vitamin deficiency was also significantly higher for the 
pre-frail and frail individuals.

Based on the results of several recent studies, the criterion weight loss may be 
regarded as one-dimensional. Weight loss in an obese person may have different 
consequences—both for morbidity and mortality—as in normal or even under-
weight older adults. Furthermore, the weight loss thresholds given in the Fried cri-
teria may be too high for a European population, as shown in a study in 
community-dwelling older persons [18].

For the calculation of the Frailty Index by Rockwood, it is necessary to count pre-
specified deficits that are present in an individual [15, 18, 19]. In the most extensive 
study regarding this topic, Rockwood and co-workers have published yet 70 deficits 
that were used for the evaluation. These included active diseases, ability in the activities 
of daily living, and physical signs from the clinical and neurological examinations. The 
presence of a deficit scored 1. Theoretically, but not practically, a maximum score of 70 
was possible. The Frailty Index is the score of present deficits divided by 70. The high-
est number of deficits the authors found in any setting was 47. Both the Fried and 
Rockwood Frailty criteria have recently been shown to be associated with incident 
disability and mortality in community-dwelling people and nursing home inhabitants.

21.1.1.3  Cachexia
Protein-energy malnutrition (PEM) has first been described as a severe clinical 
problem in the 1980s and 1990s with a fast increasing understanding of its patho-
physiological background. Increasing research to tackle this problem came out of 
oncology, where cancer-associate PEM was strongly related to inflammatory 
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processes (such as an increase in tumor necrosis factor-alpha). Even more impor-
tantly, it was and still is well known that this high inflammatory load renders nutri-
tional treatment successes disappointing [20]. Cachexia was then defined as 
disease- related loss of body cell mass, not necessarily linked with concurrent weight 
loss. In contrast, weight loss irrespective of the effects on body composition is 
termed wasting disorders, and the involuntary age-associated non-disease-related—
e.g., age- specific—muscle loss was called sarcopenia.

21.2  Nutrition and Fluid Demands

21.2.1  Nutritional Demands

On average, an older adult needs 25–30 kcal per kilogram body weight per day. This 
may be increased in catabolic states (e.g., infection, pressure sores). In hyperactive 
dementia patients, the caloric needs may also be significantly increased.

Protein demands are also increased in frail older adults and surpass the WHO recom-
mendations for younger healthy adults quite a bit. So, the usual recommended 0.8 grams 
of protein per kilogram body weight per day have to be increased to 1.0–1.2 grams per 
kilogram body weight per day [21]. In the rehabilitation setting after longer catabolic 
periods, these demands may even go up to 1.5 proteins per kilogram body weight per 
day. Malnutrition in older adults after a hip fracture is indeed a bad prognostic factor 
“quoad”survival [22]. Older adults still have a good anabolic capacity, but the proportion 
of protein intake and the body protein anabolism shows a faster ceiling effect. This is 
why the protein intake has to be distributed over the day, at least between the main meals 
[23]. If this is not possible through a normal diet (even after fortification), the positive 
effects of oral supplements are well documented [24]. It may well be that specific oral 
supplements for sarcopenic patients will not only increase muscle mass but also func-
tionality, even without an additional physical exercise program, as recently shown [25].

Micronutrient needs are usually covered when usual diet is eaten. As a rule of 
thumb, micronutrient deficits can be expected if a person eats less than 1200 kcal 
per kilogram per day over a longer period, which may be in times of a severe acute 
illness and then subsequently a rehabilitation period of several weeks. It is only in 
these cases when micronutrients need to be replaced.

21.2.2  Fluid Demands

As an overall quantity, the daily fluid intake should be between 1500 and 
2000 mL. Nevertheless, many older adults—especially women—never drank this 
quantity during their previous adult life. So, a personal “fluid intake biography” 
should always be performed. As thirst tends to decrease during the normal aging 
process, older adults should be informed about the importance of an adequate fluid 
intake and be stimulated to have a drink whenever possible.

Diuretics—especially hydrochlorothizide—are not only often prescribed for 
both systolic hypertension and peripheral edema but are also not reevaluated if still 
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needed in the long course. This may, besides the often induced hyponatremia, 
aggravate exsiccosis in times when fluid intake is especially important as in hot 
summer days.

The danger of exsiccosis is also frequently not seen in its consequences such as the 
propensity to falls. In the acute setting, fluid restriction and exsiccosis are important 
risk factors for delirium, especially in patients with an existing cognitive deficit.

21.3  Assessment of Malnutrition and Fluid Intake

21.3.1  Overall

As an insufficient intake of both nutrients and fluid is very frequent in the acute and 
rehabilitation setting in older adults, therefore, intake of both components should be 
documented, starting from the first day of admission in the institution. In addition, 
a screening for risk or overt malnutrition should be performed early during the hos-
pitalization phase.

21.3.2  Mini Nutritional Assessment (MNAR) and Nutritional Risk 
Screening (NRS 2002)

The Mini Nutritional Assessment (MNAR) is the only screening and assessment test 
for malnutrition especially developed for an older person/patient group. There exists 
a full form as well as a short form (MNAR-SF), taking around 5 min to be performed 
[4] (freely available under www.mna-elderly.com). Its global practicability has been 
well documented and has even received much more use since when body mass 
index (BMI) is not available; it can be replaced by calf circumference (Table 21.2). 
Using this screening test, the highest prevalence for risk and overt malnutrition is 
found in the rehabilitation setting, pointing out how important especially nutrition 
is in this postacute period of older adults. If this screening test is positive, one needs 
to add an in-depth assessment for possible treatable causes of malnutrition.

The Nutritional Risk Screening (NRS 2002) has been developed for the acute 
care setting and screens for those patients who will profit from a nutritional inter-
vention during the hospital stay [26]. Is also takes only a few minutes. Whereas the 
MNAR is more adapted for older adults, it may well be that patients are transferred 
from the acute care setting with a result of the NRS 2002, depending on local struc-
tures and preferences. This does not preclude that the MNAR can be performed 

Table 21.2 The Mini 
Nutritional Assessment 
(MNAR-SF) [4]

This screening test consists of six items:
    • Reduced nutritional intake within the last 3 months
    • Loss of body weight within the last 3 months
    • Reduced mobility within the last 3 months
    • Acute disease or psychological stress within the last 3 months
    •  Neuropsychological problems (depression/dementia) within 

the last 3 months
    • Actual BMI or calf circumference (CC <31 cm)
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shortly after the patient is admitted to the rehabilitation center, as the test includes 
in its six questions one question for mobility and one for mood changes (depression 
and/or dementia). Indeed, when comparing the two sets in the same population, the 
MNAR seems to better capture the problems in the older patient group.

When summarizing simple parameters for the screening for malnutrition in older 
adults, the following can be said [27]:

• An unintended weight loss of >5% of body weight within the last 3 months or 
>10% within the last 6 months

• A clearly reduced body mass (fat and muscle mass): body mass index (BMI) 
<20 kg/m2 (please notice: the cutoff is higher in older adults than in younger 
ones, where the value is <18.5 kg/m2)

• MNAR-SF <8 points (out of 14 possible ones)

It is therefore helpful to use a checklist when searching for insufficient nutri-
tional or fluid intake (Table 21.3).

Table 21.3 Checklist to diagnose potential insufficient food or fluid intake and malnutrition [28]

Physical limitations
• Appetite and thirst loss
• Chewing problems
• Dysphagia
• Inadequate dental status
• Eating or drinking problems due to limitations in the upper limb(s)
• Severe tiredness
• Heavily reduced vision
Psychological limitations
• Cognitive decline/dementia
• Depression
• Delirium
Diseases with impact on appetite and/or metabolism
• Diseases of the gastrointestinal tract
• Food intolerance
•  Diseases with increased caloric demand (cancer, surgical intervention, pressure ulcer, 

dementia with hyperactivity, thyroid disease, AIDS)
Drug intake
• >5 drugs per day
•  Drug with adverse side effects related to food intake (reduction of appetite, change in 

olfactorial and smelling capacity, nausea, dry mouth, severe tiredness, dizziness)
Additional factors
• Fear of aggravation of a preexisting existing incontinence
• Problems with toileting
• In acceptance of offered food (cultural or religious background)
• Unusual eating times
• Time pressure during meals
• Inconvenient eating situations (investigations during meal times, smell, noise)
• Insufficient food choices
• Phobia to stay slim
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21.4  Interventions

21.4.1  Normal Nutritional Intake

Oral nutrition and fluid intake should be promoted in each patient both in the acute 
and rehabilitation setting according to his or her demands and skills [27–29]. They 
are summarized in Table 21.4.

Often, the patients already have a risk for malnutrition or show overt malnutrition 
when entering the rehabilitation center. It is crucial that during the rehabilitation 
phase, food and fluid intake is a cornerstone of the treatment plan besides physical 
activity. It is therefore important not to interrupt the meals for ward rounds or inves-
tigations. These should and can be planned during times, when not the usual meals 
are served. If ever possible, each patient should have the same nurse for such a long 
period as possible, as this nursing expert knows the skills and wishes of the patient 
with regard to eating and drinking, a very personal biographic part of all of us. People 
eat more in groups and therefore, meals should be offered to the patient in a dining 
room, when possible. Food intake in itself can also be well used to train tasks, some-
times with the help of an ergotherapist. As food intake can be very time- consuming 
and needs a lot of “hands,” volunteers can be organized with proven success.

The type of provided food is also an important issue to be considered. The fol-
lowing tasks should be fulfilled:

• In general, a normal full diet should be offered, taking specific preferences of the 
patient into account (“eating biography”).

• Restrictive diets should be avoided or stopped, even in overweight older adults, 
as they mainly loss muscle and not fat mass when dieting.

• The (temporal) need for specific diets should be considered (protein-rich, adap-
tive diets due to allergies, severe liver, and kidney diseases).

• Existing chewing and swallowing problems should be diagnosed, and food items 
with adapted food consistency be offered.

Table 21.4 This table summarizes strategies to promote fluid and energy (nutritional) intake

•  Constant availability of drinks in the reach of the patient; if necessary, bottles should be 
opened and the fluid put in glasses adapted to the patient motoric skills

• Different types of drinks (water, soft drinks, fruit juices, tea, etc.) should be offered
• Patient has to be repetitively motivated to drink
• Patient and caregivers have to be informed about the danger of exsiccosis
• Ensure that the patient drinks in sitting position, preferentially at the table
• Patient and caregivers have to be informed about the danger of undernutrition
• Motivate the patient to eat
• Prepare the food (we also eat with our eyes! If needed, cut the food into small pieces)
• Help the patient when eating; if necessary, feed the patient
• Eating takes its time—provide enough time for the meals
• Do not disturb the patient during the meals
•  Provide food between the main meals; stimulate the patient for these meals and provide help 

when needed
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21.4.2  Postdischarge Management of Nutritional Intake

Loss of weight, body weight at admission and discharge, body mass index (or calf 
circumference), as well as the result of screening (MNA-SF and/or NRS 2002 or of 
another screening instrument) and consequently a nutritional assessment should be 
included in the discharge letter in a standardized fashion. In all those patients with 
signs of malnutrition, as well as decreased caloric and fluid intake, specific recom-
mendations should be part of the discharge letter too. These should include recom-
mendations to treat or compensate for problems leading to malnutrition (e.g., to see 
a dentist, or nutritional supplements, finger food, protein fortification, adaptation of 
food consistencies when swallowing problems are apparent, eating aids when motor 
disabilities exist).

In addition, reevaluation of the nutritional state by either the general practitioner 
or nursing personnel should be performed after 3 and 6 months postdischarge. As 
the discharge letter by the treating doctor is often not seen by the nursing staff (espe-
cially when the patient changes his living condition as, for example, from 
community- dwelling to nursing home), the factors mentioned above should also be 
part of the documentation of the nursing staff between the institutions.
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22.1  Introduction

Most of the elderly patients admitted to rehabilitation wards have undergone major 
orthopedic surgery due to trauma or to chronic degenerative or inflammatory condi-
tions. Others will have neurological disorders or have experienced acute vascular 
events, such as ischemic or hemorrhagic stroke, or they may have had neurosurgical 
procedures.

All these patients will have more or less severe issues in terms of their neurologi-
cal and joint functionality, which lead to impairments in their activities of daily 
living.

The early mobilization of elderly patients after surgery, or the remobilization of 
patients who have experienced long-term immobilization, can modify the unstable 
balance typical of aging and contain the risk of cardiovascular, respiratory, and mus-
culoskeletal disorders.

In this context, rehabilitators need to take into account the numerous factors 
associated with aging and particularly elderly patients’ typically high morbidity 
rates, use of multiple therapies, limited functional reserves, and access to social 
support.
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22.2  Features of the Elderly Admitted to Rehabilitation 
Wards

Although orthopedic and neurological patients admitted to rehabilitation wards may 
have similar features, there is some difference between the two groups that rehabili-
tators should bear in mind in order to design appropriate rehabilitation programs, 
also considering patients’ different diseases and different use of medication.

Rehabilitators must take responsibility for adapting the therapies they administer 
to the specific needs of the elderly. Patients arriving from neurology wards may suf-
fer from newly diagnosed diseases that may have caused the acute event. TIA and 
ischemic stroke cause cerebral hypoxia, and cerebral or carotid atherosclerosis, or 
cardiac embolism due to arrhythmias, is the most often encountered etiology. In this 
setting, atrial fibrillation—with a prevalence of about 9% in individuals over 80 
[1]—is the most common rhythm disorder. Such patients usually take antiplatelet 
(acetylsalicylic acid [ASA], clopidogrel) or anticoagulant (warfarin, new oral anti-
coagulants) drugs.

Hemorrhagic strokes, on the other hand, are caused by cerebral arteriovenous 
malformations; aneurysms; hypertensive crises associated with untreated, inade-
quately treated, or refractory hypertension; or an inadequate management of antico-
agulant drugs. Subdural hematoma may require neurosurgery or a better control of 
blood pressure (with ACE inhibitors, angiotensin II receptor blockers [ARBs], beta- 
blockers, or calcium channel blockers).

Acute events can lead to different complications. Central hypoxic damage often 
impairs various functions in the hemisoma contralateral to the site of the lesion, giv-
ing rise to movement disorders (hemiparesis, hemiplegia), hypertonia, hypotonia, or 
impairment of somatic sensitivity. Speech disorders, balance impairments, and a 
disrupted coordination are other possible sequelae. Damage involving the brain 
stem may lead to cranial nerve disorders, with diplopia, blurred vision, bulbar weak-
ness, dysphagia, or facial nerve damage.

The different consequences for patients with neurological issues depend on their 
specific clinical condition. Diaphragm or vocal cord paralysis can impair respira-
tory function, paving the way to a hypoxic state. Hemiplegia raises the risk of bed-
sores. Dysphagia may cause aspiration pneumonia.

Rehabilitators should take into account all the clinical problems that may develop 
in patients with neurological disorders and try to optimize their management, adapt-
ing the available therapeutic strategies to their different conditions.

Patients arriving from an orthopedic ward are characterized by the consequences 
of surgery and the presence of chronic diseases. In case of fractures after falls, reha-
bilitators should look out for trigger disorders (malnutrition, dehydration, electro-
lyte imbalance, osteoporosis, sarcopenia), in an effort not only to optimize a patient’s 
management but also to prevent further acute events.

Malnutrition is an inadequate intake of macro- and micronutrients (calories, pro-
tein, vitamins, and minerals) that can be caused by functional impairments (presby-
phagia) or organic disorders, but dietary or environmental factors may be involved 
too. Malnutrition affects 20–30% of elderly people.
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Sarcopenia is characterized by a loss of muscle mass, muscle weakness, or 
declining physical performance. The prevalence of sarcopenia reportedly ranges 
from 10% to nearly 50% in individuals over 65 [2]. A gradual loss of muscle mass 
with aging leads to a decline in muscle strength of around 1–3% a year [2].

Bone fragility is another very important factor in the elderly that increases their 
risk of fractures. This condition may be caused by environmental (lack of exposure 
to sunlight) or dietary (inadequate intake of animal fats) factors that lead to vitamin 
D deficiency. The prevalence of vitamin D deficiency (<50 nmol/L) reaches as high 
as 100% in individuals over 70, especially among females [3].

In addition, about 45% of elderly people undergoing major surgery are found 
anemic on admission to the rehabilitation ward [4]. Any low hemoglobin levels that 
cannot be attributed to bleeding or bone marrow disorders are likely to be due to low 
levels of iron, folic acid, or vitamin B12.

Hyponatremia occurs in 7–10% of elderly people and is often an unrecognized 
contributor to their increase risk of falls [5]. Hypernatremia may also occur—albeit 
much less frequently, in 1% of older people [5]—and should not be overlooked 
because, once all potentially responsible organic diseases have been excluded, it 
could be due to a state of severe dehydration.

Aging coincides with profound changes in the cardiovascular system. 
Hypertension, type 2 diabetes mellitus, and dyslipidemia are the main risk factors 
for the onset of coronary artery disease, which is the first cause of death in the 
elderly population. For these conditions to be properly treated, elderly people often 
need multiple therapies. For primary prevention purposes, older people are given 
antihypertensive agents (ACE inhibitors, ARBs, beta-blockers, calcium channel 
blockers), antidiabetic drugs (oral hypoglycemic agents or insulin), and cholesterol- 
lowering medication (statins, phytosterols) to keep the various risk factors under 
control. Elderly patients with ischemic heart disease or peripheral arterial disease 
are also treated with antiplatelet agents and sometimes with nitrates.

Congestive heart failure affects 10% of individuals over 65 and may be caused 
by primary (coronary artery disease, hypertension, valve abnormalities) or second-
ary cardiac events (arrhythmias, anemia, hyperthyroidism). These patients are 
treated with beta-blockers, ACE inhibitors, anti-aldosterone agents, loop diuretics, 
and digoxin.

Aging also coincides with physiological changes in the respiratory system that 
lead to a decline in pulmonary elasticity, a reduction in alveolar surface area, and an 
increasing chest wall stiffness, with the onset of emphysema and a slowing expira-
tory flow rate. This condition gives rise to an impaired gas exchange, resulting in 
desaturation and hypoxia, and the situation becomes more severe in individuals who 
require bed rest or have limited autonomy.

Over the years, there is a gradual decline in the body’s main defense systems too, 
and the airways are liable to organic or functional abnormalities that lead to a com-
plex condition called presbyphagia, which can cause aspiration pneumonia or 
malnutrition.

Finally, elderly patients referred for rehabilitation may have some degree of 
dementia, which is treated with acetylcholinesterase (AChE) inhibitors. During 
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their hospital stay, several factors may trigger a state of delirium in such patients, in 
which case they need treatment with antipsychotic agents.

22.3  Functional Changes in the Cardiovascular System 
and Energy Requirements of the Elderly 
Under Rehabilitation

The functional changes of different systems after surgery or immobilization and under 
rehabilitation are resumed in Table 22.1. The ways in which an elderly body adapts to 
the aerobic exercises of low to moderate intensity (VO2 25–50%) usually performed in 
the rehabilitation gym are much the same as those of younger people. But the elderly 
patient referred for rehabilitation has just suffered surgery or been bedridden for some 
time, with a consequent loss of the functional reserves of their body systems.

Physiologically, the cardiovascular system responds to exercise by increasing 
cardiac output, speeding up heart rate and left ventricular outflow, and simultane-
ously raising blood pressure and redistributing the blood volume in favor of the 
muscles involved in the physical activity underway.

Table 22.1 Physiological and clinical changes in the elderly after surgery/immobility and under 
rehabilitation

Systems

Physiological changes in the elderly 
after surgery/immobility and under 
rehabilitation Clinical changes

Cardiovascular system ↓ Heart rate reached
↓ Heart’s contractility
↑ Cardiac workload
↑ Blood pressure

– Orthostatic intolerance
– Hypertensive crises
– Tachycardia

Respiratory system ↓ Residual functional capacity
↑ Flow resistance
↓ VO2 max
↓ Maximum aerobic capacity

– ↓ Fatigue threshold

Skeletal muscle ↓ Peripheral artery vasodilation
↓ Oxygen extraction capacity
↓ Muscle work
↓ Aerobic threshold
↑ Lactate production

– Early fatigue
– Muscle cramps/pain
– Disclosing tendinitis, arthritis, 
arthrosis, bunions, or radiculitis

Metabolism Low-intensity prolonged exercising/
moderately intense exercise 
(50–60% VO2 max) → metabolism 
of blood glucose and muscular and 
hepatic glycogen

↓
↑ Consumption of glucose
↑ Muscle insulin sensitivity

– ↑ Risk of hypoglycemia

Water/electrolyte 
balance

↑ Body temperature
↑ Perspiration
↑ Electrolyte loss

– ↑ Dehydration
– ↑ Hyponatremia/hypokalemia
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During exercise, heart rate is usually lower in older people (220 minus the 
patient’s age), while blood pressure is higher, with a consequent greater cardiac 
workload. Moreover, heart’s contractility and peripheral artery vasodilation decline 
with aging [6].

Surgery and long periods of immobility determine many modifications in the 
cardiovascular system. For instance, orthostatic intolerance (due to recent sedation 
or baroreceptor-depressed sensitivity) is common. Hypovolemia (due to a loss of 
fluids or a reduced liquid intake) causes hypotension and tachycardia. The residual 
effects of sedation depress baroreceptor sensitivity, giving rise to hypotension and 
bradycardia. Inadequate pain control prompts tachycardia and hypertension.

In the early period of a rehabilitation program, a patient may consequently have 
many medical conditions. Orthostatic hypotension is frequent and identified in 50% 
of patients undergoing PTA, for instance [7], while hypertensive crises may occur 
during the rehabilitation treatment.

Although the age-related deterioration in the respiratory system is not considered 
a factor restricting exercise capacity, and the oxygen pressure is maintained up to 
maximal exercise capacity [6], an elderly patient who has just had surgery under 
general anesthesia or been bedridden for some time will have a lower residual func-
tional capacity and a higher flow resistance. This means that the patient’s VO2 max 
[6]—maximum oxygen consumption—and therefore his/her maximum aerobic 
capacity will be reduced and may consequently be unable to cope with the greater 
oxygen demand of the muscles being exercised, and this means the muscles will 
have a lower fatigue threshold.

When solicited by exercise, muscles divert the blood flow toward them by dilat-
ing the blood vessels (during strenuous exercise, the blood flow toward the muscles 
reaches 80% of the total) and increasing its oxygen extraction capacity. In the 
elderly, these mechanisms are less effective, as shown by the a-vO2 difference val-
ues. In addition, older people produce less muscle work for the same amount of 
energy resources than younger people, and this lowers the former’s aerobic 
threshold.

For all these reasons, the lactate production threshold drops, and individuals with 
an impaired clearance are likely to suffer from muscle cramps, which will limit their 
physical activity, and the effort needed for the body to offset acidosis may increase 
pulmonary workload.

Complications affecting the skeletal muscle during exercise recovery are usually 
mild and often associated with an inadequate warm-up or over-strenuous therapeu-
tic programs [8]. Exercise may also disclose previously existing conditions such as 
tendinitis, arthritis, bunions, and radiculitis or give rise to new conditions such as 
muscle strain.

Pain is one of the most important players that can appear during rehabilitation 
exercise. Its perception depends on the patient’s pain threshold and may result in 
stopping the treatment. It can be caused by the abovementioned lactic acidosis, by 
an acute exacerbation of already known osteoarticular disorders, and by movements 
of the limb involved in the previous surgical procedure (in orthopedic patients) or 
affected by muscle fibrosis and tendon retraction (in cases of paresis or plegic 
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patients) and by paresthesias or dysesthesias along root nerves damaged by ortho-
pedic or neurological conditions (e.g., phantom limb pain in amputees).

Another crucial aspect that changes with exercise is metabolism. The basal 
metabolism of a person regularly engaging in physical activity increases by com-
parison with that of a person who is bedridden. The physical work required of a 
patient at a rehabilitation center is of low intensity (25–30% VO2 max) and is cov-
ered by the metabolism of fats and triglycerides in the blood or released from adi-
pose tissue. Low-intensity prolonged training (about 1 h), or moderately intense 
exercise (50–60% VO2 max) determines an increase either in blood glucose con-
sumption either in muscular and hepatic glycogen consumption.

Exercising usually coincides with an improvement in glycemic control at rest 
[6], both immediately due to a greater consumption of glucose in sustained aerobic 
activity and in the long term due to improved muscle insulin sensitivity. In this con-
text, it is important to remember that muscle tissue metabolism can be modified by 
physical training, depending on the type of exercise. Patients using insulin or oral 
hypoglycemic agents are at greater risk of hypoglycemia when they exercise.

Patients’ hydration status is also liable to change due to perspiration and the 
associated electrolyte loss during physical exercise, and they may become dehy-
drated without adequate compensation. There is an increased risk of orthostatic 
hypotension too in elderly people taking diuretics, antihypertensive, or hypnotic 
agents [8].

Electrolyte loss may lead to hypokalemia and hyponatremia, which are reflected 
in muscle weakness, cramps, or myalgias that interfere with the rehabilitation 
program.

22.4  Advice for the Physiotherapy Team

Given the frailty of most elderly patients, physiatrists and their teams have to con-
sider not only the goals of rehabilitation but also all the aspects that can complicate 
its implementation (multiple therapies, comorbidities, functional reserves) in order 
to tailor their programs to their patients.

The complexity of elderly patients requiring rehabilitation can derive from con-
ditions that existed prior to the acute event, which may have caused functional 
impairments, or from the consequences of the event itself, surgery, prolonged 
immobilization, and hospitalization.

The main issues to consider concern the body’s principal systems. Hypertensive 
therapy has to be managed in order to control blood pressure appropriately during 
the physical exercise, but it is essential to prevent orthostatic hypotension at the 
same time. It may be advisable to adjust or suspend a part of the treatment, though 
not all antihypertensive medication can be suddenly stopped: in the case of beta- 
blockers and alpha-2 adrenergic agents, for instance, doing so can trigger a rebound 
effect. Particular attention should also be paid to patients who are diabetic or have a 
poor glycemic control because physical exercise is associated with an improvement 
in glucose tolerance.
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A patient’s nutritional status cannot be neglected either, because a proper diet is 
essential to the success of a rehabilitation program or to maintain a proportional 
body weight or, more importantly, to preserve from weight loss. That is why patients 
with a normal renal and hepatic function should ingest about 1–1.2 g/kg/day of 
protein as part of their daily diet [9]. Magnesium [10] and vitamin D [11] levels can 
also influence physical performance; therefore, their supplementation in nutrition is 
important.

Rehabilitation sessions, especially with orthopedic patients, also provide a good 
opportunity to estimate a patient’s fracture risk and, where appropriate, to arrange 
for the secondary prevention of fractures by ensuring an adequate therapy for osteo-
porosis (vitamin D, calcium, antiresorptive drugs) or to refer the patient to a 
specialist.

Pain is a decisive factor in the outcome of rehabilitation programs and must be 
adequately managed. While its overtreatment can have side effects, an inadequate 
pain control can severely delay a patient’s functional recovery and sometimes even 
prevent a full return to normal. Pain experienced during rehabilitation exercises is 
pointless and should be investigated and treated before it becomes chronic.

It is a good idea to provide patients an adequate pain relief so that they can 
accomplish their activities in the gym. The drugs used for inflammatory pain are 
usually paracetamol and NSAIDs, though attention must be paid to any presence of 
bleeding and to the patient’s renal and liver function. If these drugs are not enough, 
opioids may be appropriate for some types of pain, but their use must be strictly 
monitored to avoid nausea, constipation, and the risk of toxicity, which is associated 
with their excessive dosage or the rapid conversion into morphine of some of them. 
Neuropathic pain can be treated with specific drugs, such as pregabalin, gabapentin, 
and amitriptyline.

A particular and often difficult aspect of elderly patient rehabilitation manage-
ment concerns the cognitive decline and behavioral issues that can sometimes inter-
fere with the various phases of the rehabilitation program. In this case, it may be 
advisable to use low-dose neuroleptics (because they have no antidopaminergic 
effects, apart from quetiapine) and to avoid the use of a benzodiazepines, which can 
cause delirium, loss of vigilance, and a muscle relaxant action that could invalidate 
the therapeutic success of physiotherapy.
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23Clinical-Instrumental Evaluation 
of Elderly Patients During Rehabilitation

Jean-Paul Steinmetz and Elisabeth Bourkel

23.1  Introduction

Rehabilitation is a long-lasting process requiring guidance and support of the patient 
by a multidisciplinary rehabilitation team. A tailored intervention program which 
fits the patient’s needs is essential to effective rehabilitation. These individualized 
rehabilitation programs are developed by means of constant objective, reliable, and 
comprehensive insights into the patient’s physical, cognitive, and emotional condi-
tion. We present and discuss tools which allow mapping cognitive- and mobility- 
related deficits as well as the emotional state of the elderly patient. Our choice of 
instruments is necessarily restricted and was guided by two main criteria, which 
were (1) a short administration time and (2) high clinical validity and a clinical 
applicability of the findings. Generally, clinical-instrumental evaluation requires 
many different resources (e.g., time, finances) which often are not available in the 
clinical context due to various reasons (e.g., availability of clinicians, budget cuts, 
the patient’s clinical condition, etc.). Given the vast amount of clinical assessment 
tools available in the literature, our selection of the instruments reviewed in this 
chapter is limited. In the mobility section, the chapter discusses physical perfor-
mance batteries and screening tools like grip strength, functional independence 
measure, and Timed Get Up and Go Test, with a special focus on the purpose of 
spatial- temporal gait analyses. The second part of the chapter reviews psychometric 
instruments which allow analyzing the patient’s cognitive capacities and emotional 
state.
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23.2  Evaluation of Mobility

Functional impairment is a primary geriatric condition that may remain unrecog-
nized or may be inadequately addressed in older patients. Repeated measurements 
using the present instruments can be valuable in monitoring rehabilitation response 
and can provide prognostic information assisting the clinician to adapt the therapy.

23.2.1  Grip Strength

Grip strength is a quantitative and objective measure of isometric muscular strength 
of the hand as well as the forearm. The evaluation of grip strength is considered 
being the simplest method for assessing muscular strength; furthermore, it repre-
sents a clinical marker of poor mobility. Muscle strength assessed through grip 
strength has been shown to be predictive of sarcopenia and consequences associated 
to this syndrome (e.g., falls, low quality of life, institutionalization, mortality). 
Among the wide range of instruments which allow assessing grip strength, the 
Jamar® dynamometer has been found to provide the most accurate measure of grip 
strength [1]. In the rehabilitation process, the use of a standardized testing protocol 
is almost more important than the choice of the instrument that is used to test grip 
strength. A standardized testing protocol guarantees reproducibility and hence com-
parability between several measurements, so that the development of the patient’s 
muscle strength throughout the rehabilitation process can be monitored. The impor-
tance of a strict adherence to a standardized testing protocol is emphasized in stud-
ies demonstrating that changes in body position result in altered grip strengths. 
When using a standardized protocol, grip strength measurements are found valid 
and useful for determining functionality, presenting very good test-retest reliabili-
ties [2]. The administration time of a grip strength test in the clinical setting is usu-
ally under 5 min.

23.2.2  Timed Get Up and Go Test

The Timed Get Up and Go Test (TUGT) is a gait and dynamic balance screening 
test and assesses walking ability, balance, and fall risk in older adults. The TUGT is 
quick to administer (less than 5 min) and does not require any special equipment. In 
the TUGT, the patient sits in the chair with his/her back against the chair back. On 
command, the patient must stand up (without using the armrests), walk three meters 
at a normal pace, turn, walk back to the chair, and sit down. The TUGT has been 
found to be closely related with the patient’s overall motor status and appears to 
predict everyday walking abilities [3]. The TUGT has proved to be a reliable and 
valid instrument, which is sensitive and specific enough to identify a risk of falling 
in old adults [4]. More recent research however refrains from using only the TUGT 
to predict falls in community-dwelling older adults, with authors making the recom-
mendation of assessing the risk of falling in a more comprehensive manner [5].
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23.2.3  Gait Analysis

The quantitative assessment of gait-related parameters enables the understanding of 
the mechanisms of gait disorders and the development of appropriate (rehabilita-
tion) interventions. Quantifying spatial-temporal gait parameters by using an elec-
tronic system allows identifying subtle gait instabilities and is helpful in developing 
appropriate interventions and monitoring the rehabilitation process. In the present 
chapter, we focus on the GAITRite® system as a tool to analyze a person’s gait. An 
advantage of the GAITRite® system is its simplicity, without the need of using func-
tional tests to determine joint centers and axes of rotation, to determine the anthro-
pometry of the patient and without the need of placing retroreflective markers on the 
skin of the patient. The GAITRite® system is composed of an electronic walkway 
available in lengths varying from 518 to 884 cm. The system provides the clinician 
with the possibility of performing a standardized and reliable analysis of a person’s 
walking abilities in a brief amount of time. The time to analyze a patient’s gait usu-
ally varies between less than 5 min and up to 20 min depending (1) on the walking 
protocol set up by the clinical team (one versus more walking conditions such as 
fast-/slow-walking trials, dual-task walking) and (2) by the overall condition or fit-
ness of the patient. While assessing gait using the GAITRite® system, we strongly 
recommend applying a standardized assessment protocol. A decade ago, an impor-
tant number of researchers gathered and consented on common instructions and 
guidelines of data collection to enhance first the reproducibility of gait measures 
and second to guarantee the comparability of outcomes [6]. Research has identified 
key domains (i.e., rhythm, phase, pace, base of support and variabilities) helping to 
understand and interpret gait performances from a clinical point of view [7]. More 
recent guides with quantitative reference values are currently being developed 
(Fig. 23.1).

In the clinical context, spatial-temporal gait analysis may serve to diagnose and 
to assess the severity of the underlying injury or the disease. Furthermore and even 
more important for the rehabilitation process is the continuous quantification of gait 
parameters allowing the evaluation of the effectiveness of the interventions. 
Interestingly, it is now suggested that (subclinical) gait changes can be used as a 
surrogate marker of future falls or disabilities and even future diseases [8].

23.2.4  Functional Independence Measure

The Functional Independence Measure (FIM) allows evaluating physical and cogni-
tive functions among rehabilitation inpatients. Psychometric properties such as dis-
criminative validity and internal consistency have been evaluated (see, e.g., [9]). A 
trained evaluator is ideally required to rate a total of 18 items (13 motor tasks and 5 
cognitive tasks) on a 7-point ordinal scale ranging from complete dependence to 
complete independence. Generally, the FIM is used several times during a rehabili-
tation process to track a patient’s disabilities and recoveries in detail and to deter-
mine how much assistance is required for the individual to carry out activities of 
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daily living. The quality of the assessment is directly dependent of the multitude of 
the gathered information. Therefore, the patient’s disabilities should be rated by a 
multidisciplinary team.

23.2.5  Short Physical Performance Battery

The Short Physical Performance Battery (SPPB) comprises different performance 
measures of lower extremity function. Gait, strength, balance, and endurance are 

Fig. 23.1 GAITRite® 
platinum plus version with a 
610 cm long active mat and 
two additional inactive 
extensions. Mat is connected 
to a portable personal 
computer. Room is kept 
neutral to reduce external 
influences on a patient’s 
walking performance. 
Source: Centre for Memory 
and Mobility, ZithaSenior
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measured using three short tests: (1) standing balance including tandem, semi- 
tandem, and side-by-side stances, (2) walking speed on an 8-foot walking course, 
and (3) repeated chair stances (five repetitions). The total administration time of the 
three tests in the clinical setting ranges from 10 to 20 min depending on the physical 
condition of the patient. The scale has been found to predict loss of motor function, 
impairments affecting the activities of daily living, mortality, and institutionaliza-
tion. The SPPB has established reliabilities and validities for community-dwelling 
older adults. Research investigating the validity of the SPPB in acute hospitalized 
patients is available [10].

23.2.6  Tinetti Test

The Tinetti test or “Performance-oriented mobility assessment (POMA)” was 
developed by Mary E. Tinetti in 1986. The Tinetti test assesses balance (e.g., 
standing balance, turning 360°) and gait (e.g., step symmetry, step continuity) 
through a variety of different tasks. The tasks are scored and summed up, with 
lower scores indicating higher mobility impairments and thus a higher risk for 
falls. The test is well adapted to the clinical context as it does not require any 
special equipment. The administration time usually does not exceed 10–15 min. 
Different versions of the Tinetti test with a varying numbers of tasks and scoring 
systems are available. The majority of studies demonstrate that the different ver-
sions of the test are reliable and valid tools for assessing the mobility status of 
patients showing different medical conditions (e.g., Parkinson’s disease; [11]). 
Nevertheless, when employing any version of the Tinetti test, it remains crucial 
that the therapist is thoroughly informed on the psychometric properties of the 
respective version in use.

23.3  Evaluation of Cognition and Mood Disorders

The present section reviews psychometrical instruments which allow assessing cog-
nition and affectivity of elderly patients in an economical and valid manner. 
Generally, a differentiation can be made between screening tests to gain a quick and 
broad overview of diverse cognitive functions and function-specific neuropsycho-
logical tests assessing different cognitive functions in more detail. Older inpatients 
should be screened for possible cognitive deficits so that rehabilitative interventions 
and overall care can be adequately adapted to their cognitive status. Likewise, it is 
important to assess the affectivity of patients so that a possible depression can be 
detected and treated appropriately. Furthermore, clinical-instrumental evaluation 
plays an important role in the differentiation between mild states of cognitive 
impairments (e.g., mild cognitive impairment) and more severe cognitive impair-
ments (e.g., dementia) and mood disorders. Symptoms of all these conditions can 
overlap increasing the risk of misdiagnosing. In general, the neuropsychological 
evaluation should be preceded by an extensive clinical interview (i.e., anamnesis), 
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so that concerns of the patient and their acquaintances can be assessed. The knowl-
edge about those complaints is important to guide the testing process, and accurate 
assessment instruments are chosen.

23.3.1  Evaluation of General Cognitive Functioning

Due to limited time resources in the clinical context, there is a need for instruments 
which allow a relatively quick and general overview of the cognitive deficits and 
capacities of a patient entering the rehabilitative process. The assessment of cogni-
tive functions is generally a complex (and may be an intimidating) situation for 
people having cognitive deficits. This implies that the clinician should respond to 
the patient’s potential anxieties and reassures the patient during the assessment. 
Furthermore, the purpose of the respective tests should be explained to the patient 
in order to promote compliance and reduce frustration. Ideally, the assessment 
should yield to a written report and an oral feedback to the patient [12].

The so-called screening tests allow gaining a quick and broad overview of diverse 
cognitive functions in a relatively short amount of time. The majority of cognitive 
screening instruments consist of a set of different tasks (e.g., memory tasks, word 
fluency tasks, etc.), whose scores are added up to determine a global score. This 
totalled score is (ideally) compared to representative norms or cutoff values to quan-
titatively determine the extent of the patient’s performances or deficits.

23.3.2  Mini-Mental State (MMS)/Mini-Mental State Examination 
(MMSE)

One of the most commonly used screening tests for neurocognitive disorders in the 
medical context is the Mini-Mental State (MMS) or Mini-Mental State Examination 
(MMSE). The MMSE covers memory, orientation, and attention and assesses the 
ability to follow written and verbal commands, to name, to write a sentence, and to 
copy a polygon. In clinical practice, often the raw scores are interpreted, with chang-
ing recommendations concerning the cutoff scores. Perneczky and colleagues [13] 
concluded that the MMSE scores (maximum score is 30) are indicative of the follow-
ing: 30 no dementia, 26–29 questionable dementia, 21–25 mild dementia, 11–20 
moderate dementia, and 0–10 severe dementia. In general, the MMSE is easy and 
quick to apply and exists in different languages. In the clinical context, the correct 
interpretation of MMSE scores is however challenging, as the appropriate age- and 
education-adjusted norms should be taken into consideration. It is known that age 
and other factors such as psychological comorbidities may influence the results. 
Furthermore, ceiling effects and poor sensitivities make the detection of mild cogni-
tive impairments in highly educated individuals difficult. Therefore, improvements 
were made, resulting in the MMSE-2 test [14]. Despite those supplements, it should 
be noted that other screening tests were developed and are available demonstrating 
improved sensibilities to detect milder cognitive deficits.
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23.3.3  Montreal Cognitive Assessment (MoCA)

The Montreal Cognitive Assessment (MoCa) is a short screening test with high 
specificity and sensitivity for detecting mild cognitive deficits. It is more sensitive 
for discriminating mild cognitive impairment (MCI) from a healthy condition than 
the MMSE [15]. The MoCA can be administered in 10 min, and it includes a short- 
term memory recall task and contains two learning trials of five nouns and delayed 
recall after 5 min. Visuospatial abilities and executive functions are assessed. 
Furthermore, a phonemic fluency task and a two-item verbal abstraction task are 
included. Attention, concentration, and working memory are evaluated. Finally, lan-
guage and orientation to time and place are assessed. The maximum possible score 
in the MoCA is 30 points. In a recent study, authors found that the MoCA cutoff for 
differentiating reliably a pathological sample with dementia from a sample com-
posed of healthy controls was 23 (with a specificity of 96% and a sensitivity of 94%; 
[15]). A score of 19 was found to differentiate reliably between patients with MCI 
and patients with Alzheimer’s disease, with corresponding specificities ranging 
from 77% [16] to 80% [15] and sensitivities ranging from 77% [15] to 87% [16].

23.3.4  DemTect

In addition to the MoCA, the DemTect (originally developed in German) is also a 
highly sensitive instrument to identify patients with mild cognitive impairments and 
patients with dementia in early stages of the disease. The DemTect is a brief test 
(8–10 min completion time) composed of five subtests composed of a word list, a 
number transcoding task, a word fluency task, a digit span reverse task, and a 
delayed recall of the previously learned word list. The DemTect is independent from 
age and education, with total scores ranging from 0 to 18. Performances ranging 
between 13 and 18 points are considered adequate, between 9 and 12, MCI is prob-
able, and for performances lower than 8, further investigations are necessary as 
dementia is probable. A parallel version of the test (DemTect-B) has been devel-
oped demonstrating equivalent task requirements and difficulties suitable for fol-
low- up evaluations [17].

23.3.5  Clock-Drawing Test (CDT)

Another very brief, valid test is the Clock-Drawing Test (CDT). Patients are 
instructed to draw a clock face with hands; afterward, the clock errors are rated to 
determine the score. The CDT is a marker of cognitive deficits and is useful as a 
screen for cognitive impairment. Associations between the CDT and executive 
functions, global cognitive status, visuospatial processing, and semantic knowledge 
have been demonstrated [18]. Sensitivities and specificities around 75% in differen-
tiating clinically diagnosed MCI patients from healthy elderly individuals have been 
shown [19] (Fig. 23.2).
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23.3.6  Evaluation of Specific Cognitive Functions

In addition to the assessment of general cognitive functioning with screening tests, 
a more detailed evaluation of specific functions allows differentiating between 
altered cognitive functions. Assessment can focus more specifically on attention, 
learning and memory (e.g., Rey Auditory Verbal Learning Test or Wechsler Memory 
Scale, Fourth Edition), constructional praxis (e.g., Rey-Osterrieth Complex Figure 
Test), executive functions (e.g., Stroop test), language (e.g., Boston Naming Test), 
or psychomotricity (e.g., Trail Making Test).

23.3.7  Alters-Konzentrations-Test (AKT)

If attention deficits are suspected, the broad cognitive screening test can be supple-
mented by an (age-adapted) attention test. In the geriatric context, the nonverbal con-
centration test for the elderly (AKT [Alters-Konzentrations-Test]) has proven useful 
and valid [20]. The AKT assesses the ability of an individual to selectively allocate 
attention to certain stimulus characteristics and to suppress distracting characteristics. 
The participants’ task is to identify a stimulus figure among a total of 55 two-colored 
(black and white) figures. Stimulus figures and distracters differ only in their colored 
pattern and their two-dimensional orientation. A total number of 20 figures can be 
correctly identified. Dependent variables are the completion time (in seconds) and the 

Fig. 23.2 Examples of different clock-drawing performances with corresponding ratings. 
Source: Centre for Memory and Mobility, ZithaSenior
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percentage of errors. The AKT has excellent psychometric properties with Spearman-
Brown split-half reliabilities ranging from r = 0.89 to 0.99 [20]. Dependent variables 
are the total performance (calculated by adding the correctly identified figures and 
subtracting the errors), percentage of errors (percentage of distracters erroneously 
crossed out), and the time to complete the test (in seconds).

23.3.8  Trail Making Test (TMT)

Trail Making Test in both versions A and B is one among the most commonly used tests 
in clinical practice. Test form A assesses primarily visual search and psychomotor 
speed, whereas test form B requires attentional processing, cognitive flexibility, and 
working memory functions [21]. Both the time to complete each form and a normalized 
TMT time ((B-A)/A) to isolate the executive component of the TMT can be analyzed.

23.4  Evaluation of Depression and Neuropsychiatric 
Behavior

Several scales for rating depression specifically in elderly people have been devel-
oped during the last decades.

23.4.1  Geriatric Depression Scale

The Geriatric Depression Scale (GDS) is the most known and used depression rating 
scale for elderly people. The original version developed by Yesavage and colleagues 
is composed of 30 items, to be answered by yes or no (e.g., “Are you basically satis-
fied with your life?”) leading to a maximum total score of 30. Scores ranging from 0 
to 10 are considered to represent an absence of a depression-; scores of 11 or higher 
are indicative of a depression [22]. The GDS can be completed by the patient or in an 
interview with the healthcare professional. Shorter versions with fewer items are 
available. In the 15-item scale, a score of >/= 5 is suggestive of a depression and 
>/= 10 is indicative for depression. It has been demonstrated that the 15-item GDS 
assesses reliably the presence of depressive symptoms among older adults. An even 
shorter version (mini-GDS) has been developed, with a total of 4 items [23]. 
Importantly, shorter versions generally show lower test-retest reliabilities and are 
less precise in detecting illness severities. The advantage of shorter versions is how-
ever that they require less time and are easy to rate and thus better applicable in the 
clinical context. The GDS does not allow making a depression diagnosis but reliably 
indicates the emotional state of the patient. Similarly to the psychometric instru-
ments assessing cognitive capacities described in the previous paragraphs, no diag-
nosis can be made by only using the GDS. It should be noted that the GDS is not 
recommended in patients demonstrating important cognitive deficits as self-reflec-
tion and understanding of the respective items may be compromised.
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23.4.2  Cornell Depression Scale

The Cornell Scale for Depression in Dementia (CSSD) is a 19-item instrument with 
an administration time of approximately 20 min. The CSDD was specifically devel-
oped to assess depression in patients with dementia. As reports of patients with high 
cognitive deficits may be unreliable, the CSDD combines information from inter-
views with both the patient and the informant. The scale was found to have a high 
inter-rater reliability and high internal consistency (alpha coefficient of 0.84; [24]). 
Many of the items can be filled after observation of the patient. The ratings of the 
CSDD items represent the observer’s impression of the patient rather than the verbal 
answers (of the patient or the informant) to the respective items. Each of the items 
is rated for severity (0 = absent, 1 = mild or intermittent, 2 = severe) with item 
scores being totalled. A score above 10 is associated with a probable major depres-
sion. Scores above 18 are associated with a definite major depression. Scores below 
6 indicate the absence of significant depressive symptoms [24].

The CSDD and GDS both have high validity in screening for depression in the 
elderly; however, only the CSDD seems to be equally valid in patients with demen-
tia and patients with no cognitive deficits. The CSDD retained its specificity and 
validity as a screening tool for depression of patients with dementia, while the GDS 
versions all decreased in validity [25].

23.4.3  Neuropsychiatric Inventory

An additional clinically useful instrument to assess neuropsychiatric disorders in 
patient populations is the Neuropsychiatric Inventory (NPI). The NPI is available in 
two versions, namely, the 10-item NPI and the 12-item NPI (see Table 23.1). Both 
versions can be used in the geriatric context and assess behavioral dysfunctions 
common in dementia. Both versions have good content validity, concurrent validity, 
inter-rater reliability (93.6–100% for different behaviors), and 3-week test-retest 
reliability (correlation, 0.79 for frequency and 0.86 for severity ratings; [26]). The 
NPI is administered to an informant who has detailed knowledge of the patient’s 

Table 23.1 Behavioral 
domains of the NPI

Hallucinations
Delusions
Agitation/aggression
Dysphoria/depression
Anxiety
Irritability
Disinhibition
Euphoria
Apathy
Aberrant motor behavior
Sleep and nighttime behavior change (12-item version only)
Appetite and eating change (12-item version only)
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behavior. A screening question determines whether a specific behavior is present or 
not. If the informant indicates that the respective behavior is not present, the sub-
questions of the respective section are omitted. If the informant affirms the presence 
of the behavior, the respective subquestions are administered. The informant is then 
also asked to rate the severity and frequency of that behavior. In addition, the care-
giver is asked to rate his or her own distress in relation to the behavior.

The Neuropsychiatric Inventory Questionnaire (NPI-Q; [27]) is a short version 
of the NPI to obtain information quickly. The NPI-Q is completed by the caregiver 
and reviewed by the clinician; it comprises only the screening question, severity 
rating, and caregiver distress rating of the original test. A recent study has shown 
that the NPI-Q is a reliable and valid tool for screening neuropsychiatric symptoms 
in patients with stroke and transient ischemic attack [28].

23.5  Discussion and Conclusion

The overall goal of the present chapter was to compile a set of instruments that enable 
the clinician to identify and to monitor cognitive deficits, emotional state, and mobil-
ity-related impairments in the rehabilitative context. We reviewed the evaluation tools 
which we considered to be the most significant in the rehabilitative context, while 
focusing both on short administration times and high clinical validities in the choice 
of instruments. The clinician should make a choice within the discussed instruments 
depending on the needs of the patient. This choice should be based on the medical 
history and the results of the tests which were previously administered in the rehabili-
tation context (e.g., the GDS should not be used to assess depression in a patient if 
previous test results indicate severe cognitive deficits). In order to fully match the 
patients’ needs, the clinician should consider whether the assessment might be com-
plemented with further tools evaluating, for example, quality of life or activities of 
daily living. Prior to using a clinical instrument or tool to diagnose or to monitor 
cognitive- or mobility-related parameters, we recommend searching for the most 
recent scientific developments on protocols, reliabilities, and validities of the respec-
tive tools. The respective scores should always be interpreted by using the most recent 
and (for the respective patient group) most representative norms available. Above all, 
the choice of the evaluation tools as well as their interpretation and the conclusions 
drawn from them should always be conducted with clinical reasoning.

References

 1. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, Sayer AA (2011) A 
review of the measurement of grip strength in clinical and epidemiological studies: towards a 
standardised approach. Age Ageing 40:423–429. doi:10.1093/ageing/afr051

 2. Abizanda P, Navarro JL, García-Tomás MI, López-Jiménez E, Martínez-Sánchez E, Paterna 
G (2012) Validity and usefulness of hand-held dynamometry for measuring muscle strength 
in community-dwelling older persons. Arch Gerontol Geriatr 54:21–27. doi:10.1016/j.
archger.2011.02.006

23 Clinical-Instrumental Evaluation of Elderly Patients During Rehabilitation

http://dx.doi.org/10.1093/ageing/afr051
http://dx.doi.org/10.1016/j.archger.2011.02.006
http://dx.doi.org/10.1016/j.archger.2011.02.006


210

 3. Podsiadlo D, Richardson S (1991) The timed “Up & Go”: a test of basic functional mobility 
for frail elderly persons. J Am Geriatr Soc 39:142–148

 4. Shumway-Cook A, Brauer S, Woollacott M (2000) Predicting the probability for falls in 
community- dwelling older adults using the Timed Up & Go Test. Phys Ther 80:896–903

 5. Barry E, Galvin R, Keogh C, Horgan F, Fahey T (2014) Is the Timed Up and Go test a useful 
predictor of risk of falls in community dwelling older adults: a systematic review and meta- 
analysis. BMC Geriatr 14:14. doi:10.1186/1471-2318-14-14

 6. Kressig RW, Beauchet O, European GAITRite Network Group (2006) Guidelines for clinical 
applications of spatio-temporal gait analysis in older adults. Aging Clin Exp Res 18:174–176

 7. Hollman JH, McDade EM, Petersen RC (2011) Normative spatiotemporal gait parameters in 
older adults. Gait Posture 34:111–118. doi:10.1016/j.gaitpost.2011.03.024

 8. Allali G, Annweiler C, Blumen HM, Callisaya ML, De Cock A-M, Kressig RW, Srikanth V, 
Steinmetz J-P, Verghese J, Beauchet O (2015) Gait phenotype from mild cognitive impairment 
to moderate dementia: results from the GOOD initiative. Eur J Neurol. doi:10.1111/ene.12882

 9. Glenny C, Stolee P (2009) Comparing the functional independence measure and the interRAI/
MDS for use in the functional assessment of older adults: a review of the literature. BMC 
Geriatr 9:52. doi:10.1186/1471-2318-9-52

 10. Volpato S, Cavalieri M, Guerra G, Sioulis F, Ranzini M, Maraldi C, Fellin R, Guralnik JM 
(2008) Performance-based functional assessment in older hospitalized patients: feasibility and 
clinical correlates. J Gerontol A Biol Sci Med Sci 63:1393–1398

 11. Kegelmeyer DA, Kloos AD, Thomas KM, Kostyk SK (2007) Reliability and validity of 
the Tinetti Mobility Test for individuals with Parkinson disease. Phys Ther 87:1369–1378. 
doi:10.2522/ptj.20070007

 12. Jahn T, Werheid K (2015) Demenzen [Dementias]. Hogrefe Verlag, Göttingen
 13. Perneczky R, Wagenpfeil S, Komossa K, Grimmer T, Diehl J, Kurz A (2006) Mapping scores 

onto stages: mini-mental state examination and clinical dementia rating. Am J Geriatr Psychiatry 
Off J Am Assoc Geriatr Psychiatry 14:139–144. doi:10.1097/01.JGP.0000192478.82189.a8

 14. Folstein MF, Folstein SE, White T, Messer MA (2010) MMSE-2: Mini-mental state examina-
tion 2nd Edition. Psychological Assessment Resources, Inc., Lutz, FL

 15. Roalf DR, Moberg PJ, Xie SX, Wolk DA, Moelter ST, Arnold SE (2013) Comparative accura-
cies of two common screening instruments for the classification of Alzheimer’s disease, mild 
cognitive impairment and healthy aging. Alzheimers Dement J Alzheimers Assoc 9:529–537. 
doi:10.1016/j.jalz.2012.10.001

 16. Trzepacz PT, Hochstetler H, Wang S, Walker B, Saykin AJ, Alzheimer’s Disease Neuroimaging 
Initiative (2015) Relationship between the Montreal Cognitive Assessment and Mini-mental 
State Examination for assessment of mild cognitive impairment in older adults. BMC Geriatr 
15:107. doi:10.1186/s12877-015-0103-3

 17. Kessler J, Calabrese P, Kalbe E (2010) DemTect-B: ein Äquivalenztest zum kognitiven 
Screening DemTect-A® [DemTect-B: A parallel test version to the cognitive screening instru-
ment DemTect-A®]. Fortschritte Neurol Psychiatr 78:532–535. doi:10.1055/s-0029-1245452

 18. de JJ P, de DM M, de EN M, Malloy-Diniz LF (2013) Mapping the clockworks: what does the 
Clock Drawing Test assess in normal and pathological aging? Arq Neuropsiquiatr 71:763–768. 
doi:10.1590/0004-282X20130118

 19. Yamamoto S, Mogi N, Umegaki H, Suzuki Y, Ando F, Shimokata H, Iguchi A (2004) The 
clock drawing test as a valid screening method for mild cognitive impairment. Dement Geriatr 
Cogn Disord 18:172–179. doi:10.1159/000079198

 20. Gatterer G (2007) Alters-Konzentrations-Test [Test of concentration for older adults], 2nd edn. 
Hogrefe, Göttingen

 21. Ashendorf L, Jefferson AL, O’Connor MK, Chaisson C, Green RC, Stern RA (2008) Trail 
Making Test errors in normal aging, mild cognitive impairment, and dementia. Arch Clin 
Neuropsychol 23:129–137. doi:10.1016/j.acn.2007.11.005

 22. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO (1983) Development 
and validation of a geriatric depression screening scale: a preliminary report. J Psychiatr Res 
17:37–49

J.-P. Steinmetz and E. Bourkel

http://dx.doi.org/10.1186/1471-2318-14-14
http://dx.doi.org/10.1016/j.gaitpost.2011.03.024
http://dx.doi.org/10.1111/ene.12882
http://dx.doi.org/10.1186/1471-2318-9-52
http://dx.doi.org/10.2522/ptj.20070007
http://dx.doi.org/10.1097/01.JGP.0000192478.82189.a8
http://dx.doi.org/10.1016/j.jalz.2012.10.001
http://dx.doi.org/10.1186/s12877-015-0103-3
http://dx.doi.org/10.1055/s-0029-1245452
http://dx.doi.org/10.1590/0004-282X20130118
http://dx.doi.org/10.1159/000079198
http://dx.doi.org/10.1016/j.acn.2007.11.005


211

 23. D’Ath P, Katona P, Mullan E, Evans S, Katona C (1994) Screening, detection and management 
of depression in elderly primary care attenders. I: the acceptability and performance of the 15 
item Geriatric Depression Scale (GDS15) and the development of short versions. Fam Pract 
11:260–266

 24. Alexopoulos GS, Abrams RC, Young RC, Shamoian CA (1988) Cornell Scale for Depression 
in Dementia. Biol Psychiatry 23:271–284

 25. Kørner A, Lauritzen L, Abelskov K, Gulmann N, Marie Brodersen A, Wedervang-Jensen T, Marie 
Kjeldgaard K (2006) The Geriatric Depression Scale and the Cornell Scale for Depression in 
Dementia. A validity study. Nord J Psychiatry 60:360–364. doi:10.1080/08039480600937066

 26. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J (1994) 
The Neuropsychiatric Inventory: comprehensive assessment of psychopathology in dementia. 
Neurology 44:2308–2314

 27. Kaufer DI, Cummings JL, Ketchel P, Smith V, MacMillan A, Shelley T, Lopez OL, DeKosky 
ST (2000) Validation of the NPI-Q, a brief clinical form of the Neuropsychiatric Inventory. 
J Neuropsychiatry Clin Neurosci 12:233–239. doi:10.1176/jnp.12.2.233

 28. Wong A, Cheng S-T, Lo ESK, Kwan PWL, Law LSN, Chan AYY, Wong LK-S, Mok V (2014) 
Validity and reliability of the neuropsychiatric inventory questionnaire version in patients with 
stroke or transient ischemic attack having cognitive impairment. J Geriatr Psychiatry Neurol 
27:247–252. doi:10.1177/0891988714532017

23 Clinical-Instrumental Evaluation of Elderly Patients During Rehabilitation

http://dx.doi.org/10.1080/08039480600937066
http://dx.doi.org/10.1176/jnp.12.2.233
http://dx.doi.org/10.1177/0891988714532017


213© Springer International Publishing AG 2018
S. Masiero, U. Carraro (eds.), Rehabilitation Medicine for Elderly Patients, 
Practical Issues in Geriatrics, DOI 10.1007/978-3-319-57406-6_24

P. Gargiulo (*) 
Institute for Biomedical and Neural Engineering, Reykjavík University, School of Science 
and Engineering, Reykjavík 101, Iceland

Landspítali, University Hospital, Reykjavík 101, Iceland 
e-mail: paologar@landspitali.is 

K.J. Edmunds • I.D. Arnadottir • M.K. Gíslason 
Institute for Biomedical and Neural Engineering, Reykjavík University,  
School of Science and Engineering, Reykjavík 101, Iceland
e-mail: kyle14@ri.is; irisa10@ru.is; magnuskg@ru.is 

U. Carraro 
IRCCS Fondazione Ospedale San Camillo, Venezia, Italy
e-mail: ugo.carraro@unipd.it

24Muscle Assessment Using 3D Modeling 
and Soft Tissue CT Profiling
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Ugo Carraro, and Magnus K. Gíslason

24.1  Introduction: Translational Myology and Medical Imaging

The growing field of translational myology continually seeks to define and promote 
the generalizability of muscle research to clinical practice via optimizing the transi-
tion of a wide variety of investigative muscle assessment modalities. Medical imag-
ing is of particular interest in this regard, as extant literature focuses on the utilization 
of a wide variety of techniques to noninvasively recapitulate and quantify various 
internal and external tissue morphologies. In the clinical context, medical imaging 
remains a vital field of research for diagnostic and investigative assessment. Of the 
many facets of medical imaging, most current research aims to improve aspects of 
instrumentation design, image processing software, data acquisition methodology, 
and computational modeling. In particular, methods that enable the 3D visualization 
of internal anatomy elicit valuable information for optimizing the treatment of many 
pathologies, but every modality has its inherent limitations [1]. For the purposes of 
clinical assessment, in particular, visually simplistic imaging methods that outline 
noninvasive, high-resolution methodologies for assessing diseased or damaged tis-
sues have readily been identified as a strategic priority in translational myology 
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research. Although there are many extant imaging modalities that may be discussed 
at length in the context of translational myology, the particular methods outlined in 
this chapter will all be associated with X-ray computed tomography (CT).

Before delving more into the intricacies of CT, it is first important to understand 
a bit more about the field of translation myology. While researchers focus primarily 
upon diseases and comorbidities associated with natural and/or pathological changes 
in the muscle, muscular degeneration, in particular, has been consistently identified 
as a particular phenomenon of interest. Muscle degeneration is characterized by the 
progressive loss of muscle mass, strength, and/or function and has long been impli-
cated as an independent risk factor for high mortality in both aging populations and 
individuals suffering from neuromuscular pathology or injury [2–5]. When associ-
ated with aging, this phenomenon is defined as sarcopenia—a phenomenon whose 
precise, quantitatively derived etiology remains debated [6–8]. When associated 
with a severe chronic illness, muscle degeneration, in conjunction with other forms 
of atrophy or weakness, is defined as cachexia. Muscle degeneration is additionally 
a common sequela of various types of spinal cord trauma. In general, muscle degen-
eration from any origin confers an increase in muscular adiposity and noncontrac-
tile tissue infiltration, which, in accordance with a loss of muscle mass, leads to an 
increased risk for frailty, disability, reduced mobility, and eventual hospitalization 
[9]. The focus of this chapter will be in the utilization of modern applications of 
CT imaging to better quantify muscle degeneration and the efficacy of clinical 
intervention.

24.2  Quantifying Sarcopenic Muscle Degeneration with Soft 
Tissue CT Profiling

Whether via sarcopenia, cachexia, or other trauma, muscular degeneration has been 
characterized by increased muscular adiposity and reduced average CT attenuation 
values. In this section, we discuss how distributions of these CT attenuation values 
can be analyzed to understand shifts in soft tissue composition as a function of age 
and sex.

CT images are essentially comprised of large matrices of X-ray attenuation val-
ues. These values are typically expressed in Hounsfield units (HU), where zero HU 
is defined by the absorptivity of water. For the purposes of clinical utility, one may 
consider HU values to directly represent tissue density—a notion which is very 
important when assessing the muscle and surrounding soft tissue. Indeed, post- 
processing of 3D CT images via the linear transformation of the HU image matrices 
allows for the segmentation of different tissue types, allowing for the clear distinc-
tion between both intra- and extra-muscular soft tissue regimes. In the simplest 
case, this can be applied to the distinction of fat from muscle, since HU values of fat 
range from −200 to −10 HU, whereas muscle HU values range from 41 to 
200 HU. Disseminating tissue types between these ranges is considerably more dif-
ficult, since such voxels often represent an average of many distinct tissue elements. 
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For the purpose of quantification, the central HU regime from −10 to 41 has been 
defined as “loose connective or water-equivalent tissue” [10, 11].

Figure 24.1a shows an example subject’s CT slice which was taken at the mid- 
femur, and Fig. 24.1b depicts a diagram of each of the three tissue modes of an HU 
distribution. Additionally, Fig. 24.1c details an example of what an average HU 
distribution from an elderly subject’s CT scan cross section looks like, as well as 
one generated from over 3000 healthy elderly subjects of ages 66–86.

It is readily apparent that each of the three tissue types generates a trimodal dis-
tribution or a curve with three distinct, summed Gaussian distributions. The left-
most peak represents fat (centered around −90 HU), the rightmost peak represents 
muscle (centered around 65 HU), and the smaller and wider central peak represents 
loose connective tissue (centered around −10 HU). Each of these individual peaks 
can be defined by two very useful Gaussian distribution parameters: the amplitude 
of the curve, N, and the location of the curve’s mean, μ. The amplitude of a peak 
simply relates to the relative volume of a tissue type, whereas the location term 
describes the tissue density. In general, healthy muscle is evidenced by a higher 
muscle peak density, whereas intramuscular fat (present from increasing adiposity 
of degenerating muscle) confers a less-dense fat peak. The density of the connective 
tissue peak may likewise change according to the degree of muscle adiposity, but 
this notion remains unclear [12].
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Fig. 24.1 Hounsfield distribution from a representative subject’s upper leg CT slice. (a) Transverse 
CT slice of the upper legs, taken at 20 cm below the femoral head. (b) Representation of the tri-
modal HU distribution showing (I) the fat peak, (II) the connective tissue peak, and (III) the muscle 
peak. Note that N represents the amplitude of these peaks, and μ represents the location of the 
Gaussian mean. (c) A representative elderly patient’s HU distribution as compared to the average 
distribution of over 3000 elderly subjects. Note the comparatively large fat peak, the small muscle 
peak, and the apparent shift of the connective tissue peak toward lower-density HU values
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When averaged over the large elderly population and compared as a function of 
age and sex, clear linear trends in these peak amplitudes and locations become 
apparent. Figure 24.2 shows the results from this analysis.

Figure 24.2 illustrates clear differences in distribution parameters between men 
and women, but how these parameters vary and the degree to which they fit to linear 
correlation with age depends upon the tissue type. The amplitudes of both fat and 
muscle in both men and women decrease readily with increasing age, but men have 
significantly higher muscle amplitudes and lower fat amplitudes than women. 
Intriguingly, the locations of muscle peaks were nearly identical and decreased analo-
gously with age in both men and women, but the women’s fat peak location increased 
while the men’s decreased. This could be interpreted as evidence that, while both 
sexes lose soft tissue volume similarly with age, women exhibit increased fat volume 
and decreased muscle volume compared to men. Furthermore, both sexes’ muscle 
densities decrease identically with age, suggesting an analogous trend of increased 
adiposity in both sexes. Increasing densities for fat tissue in women could likewise be 
a further indicator of fatty tissue infiltration, but this conclusion is less obvious.

The degree of linear correlation in the connective tissue amplitudes and locations 
was much lower than fat or muscle. However, women and men exhibited marked 
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differences with similar variance in these parameters as a function of age. Connective 
tissue amplitudes increased with age in men but decreased in women, while the 
locations decreased analogously with age for both sexes. This could suggest that 
lower muscle density (increased muscle adiposity) from sarcopenic degeneration 
could increase predictably with advanced age, but the low linear correlations in 
these terms give pause for any definitive conclusions.

24.3  3D Modeling: Morphological and Compositional 
Changes in the Muscle

As previously mentioned, many recent investigations have realized the quantitative 
potential of CT image analysis to quantify muscle composition and quality, and its 
utility for analyzing muscle degeneration in particular has been of great focus in 
research. As such, many investigators have assessed how changes in skeletal muscle 
density correlate with changes in muscular volume and function in patients suffer-
ing from a variety of conditions or diseases. We have already seen the utility of HU 
distribution analyses in the rigorous quantification of degenerating muscle. However, 
this section focuses on another utility of these CT-derived density values that has 
particular relevance in a clinical context: the use of density-based tissue segmenta-
tion and 3D modeling to clearly illustrate changes in muscle mass and quality.

Figure 24.3 illustrates how the tibialis anterior muscles of three representative 
subjects may be reassembled in 3D with voxel coloration that correlates to each of 
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Fig. 24.3 Segmented soft tissues and compositions within the tibialis anterior from each sub-
ject’s 3D upper leg volumes. Tissue types are as follows: fat (yellow), connective tissue (cyan), and 
muscle (red). (a) The control subject’s composition is primarily muscle, but (b) the elderly subject 
had markedly more fat and connective tissue, to the detriment of muscle. (c) However, the patho-
logical subject’s healthy leg composition was analogous to those of the elderly subject, but the 
pathological leg comprised of nearly all fat and connective tissue
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the three tissue types that were defined previously. The compositions of these tis-
sues have likewise been calculated for each leg. As is evident from these values, the 
elderly subject and pathological subject (who suffered from asymmetrical lower 
body paralysis from a pelvic mass infiltration of the sciatic nerve) exhibited increas-
ing amounts of fat and loose connective tissue, compared to the control subject. 
Likewise, the left leg of the pathological subject contains remarkably more fat than 
the right leg, illustrating the degeneration’s severity.

The use of 3D segmentation and modeling can likewise be utilized to show 
changes in muscle volume and density during a targeted therapy. Figure 24.4 depicts 
such an example, where a patient with complete lower motor neuron denervation 
from a spinal cord injury underwent functional electrical stimulation (FES) treat-
ment for 5 years, followed by 5 years of non-compliance to the therapy. It is clear 
that the increase in both volume and density of the rectus femoris muscle indicates 
the overall importance of the treatment—which likewise highlights the utility of the 
3D segmentation process.

Initial Volume:
100,000 mm3

Initial Density:
42.5 HU

5y Compliant
Volume:

168,000 mm3

5y Compliant
Density:
47.5 HU

5y Non-Compliant
Volume:

72,000 mm3

5y Non-Compliant
Density:
31.5 HU

a b c

Fig. 24.4 An example of irreversible conus and cauda equina syndrome who underwent (a) an 
initial CT scan and segmentation before treatment, (b) 5 years of compliance with home-based 
FES treatment, and followed by (c) another 5 years of non-compliance to FES. As is evident above, 
the 3D volume and density analyses identify changes in the rectus femoris muscle over the times-
pan of the study. Figure obtained from Edmunds et al. [12]
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24.4  Muscle Asymmetry and Recovery in Total Hip 
Arthroplasty Patients

By analyzing the muscle amplitude of patients undergoing total hip arthroplasty 
(THA), both pre-operation and 1-year post-operation, it is possible to determine the 
progression of the state of the muscle and monitor how the subject is performing 
over that period [13–15]. This analysis was carried out on 16 patients scheduled for 
primary THA, and the aforementioned trimodal muscle profiling was used to quan-
tify any changes in muscle volume and density. The results demonstrate how, on 
average, patient muscle amplitudes increased in the operative leg and, to a much 
lesser extent, in the healthy leg.

Looking at the subject-specific progression of the muscle over the 1-year recov-
ery period, it is evident that a majority of the patients showed an increase in muscle 
amplitude—many of whom likewise showed a decrease in fat amplitude, implying 
an improvement in muscle quality (Fig. 24.5). This demonstrates that only by ana-
lyzing the muscle in such a manner, it is possible to rigorously quantify changes in 
muscle volume and density before and after THA surgical intervention.

Using such an assessment technique can help to detect patients that could be 
considered at risk for sarcopenia and to prescribe the appropriate rehabilitation 
method to optimize the strengthening of their leg muscles. The success of the THA 
procedure depends upon the patient’s ability to be mobile and create the necessary 
loading of their hip. This will ultimately maintain the prosthetic’s strength, which 
will in turn lead to an increased lifespan of the implant and an increased quality of 
life for the patient.
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 Conclusions

In this chapter, we have shown different applications of soft tissue analysis based 
upon CT imaging. The analysis of fat, muscle, and loose connective tissue distri-
butions can identify key differences between how sarcopenia may be elicited in 
elderly men and women. We have also shown how 3D modeling and CT image 
segmentation according to these three tissue types can fully describe the clini-
cally significant extent of changes in skeletal muscle density and volume. Both 
the analysis of soft tissue distributions and the use of 3D modeling can likewise 
be useful in quantifying and characterizing patients who have undergone clinical 
treatments for mobility impairment, such as FES and THA. However, there is 
more potential in these types of mathematical analyses to correlate muscle char-
acteristics with comorbidities.
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25.1  Introduction

Gerontorheumatology deals with the particular features of onset, course and treat-
ment of rheumatic diseases in patients of advanced age [1]. The initial manifesta-
tions of rheumatic diseases in elderly patients often differ from the typical findings 
in younger patients [2]: Non-specific general disease symptoms, e.g. non-specific 
complaints, a decline in physical function and/or mental confusion [2], may hinder 
the initial diagnosis of rheumatic diseases beyond the age of 60 [1]. The most 
important diseases and their management strategies are to be discussed later in the 
chapter. Where no guidelines for older patients are available, general guidelines are 
reported with respect to possible challenges in patients at an advanced age.

25.2  Rehabilitation for Older People with Rheumatic 
Diseases

Rheumatic medication is often the precondition to non-medical treatment in 
patients with rheumatic diseases. Reduction of pain and inflammation by medical 
treatment is essential before starting activating therapies like mobility-enhancing 
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exercises. In principle, all specific disease-modifying drugs, immunosuppressant 
drugs and biologics can be used for the therapy of rheumatic diseases in the elderly 
[1]. However, careful dose selection is particularly necessary, taking into consider-
ation age-specific limitations in organ function and metabolism [1]. Whereas the 
treatment goal usually comprises achievement of complete clinical remission in 
younger patients, the focus should shift towards reducing pain, preserving function 
and avoiding therapy-associated adverse effects in the elderly.

The rehabilitation of patients with rheumatic diseases can be described by a 
framework recently developed by a work group from the Netherlands [3] (see 
Fig. 25.1). According to the differing forms of rehabilitation services in different 
countries, a common framework may facilitate comparisons of rehabilitation pro-
grammes across countries and different levels of care [3].

Rehabilitation Goals Geriatric medicine aims at an improvement of functional 
deficits to avoid disability and delay the need for nursing for as long as possible [4]. 
Patient education and patient training are important to enhance the knowledge of the 
disease and its management possibilities. The goal of remission in the sense of “res-
titutio ad integrum” is illusory due to the chronic disease and frequent comorbidities 
of the patients as well as due to the limited future time perspective [4].

Interdisciplinary Rehabilitation Team The attending physician (e.g. the rheu-
matologist, the geriatrician, the orthopaedic surgeon) should evaluate the older 
patient in collaboration with the entire interdisciplinary rehabilitation team of 

Process
of team

care

Outcome
of team care

Structure
of team

care• rehabilitation management
• length of rehabilitation

• goals
• interventions

• body functions (ICF)
• activity (ICF)
• participation (ICF)

• cost
• patient satisfaction
• harms/adverse effects

• self-management skills
• goal attainment

• assessment
• evaluation

• criteria for admission
and discharge

• funding

• clinical setting
• rehabilitation team

• patient involvement
• family involvement
• follow-up

• health-related
quality of life 

National context: 

welfare and health

care system 

Fig. 25.1 The Scandinavian Team Arthritis Register-European Team Initiative for Care Research 
(STAR- ETIC) framework of arthritis rehabilitation according to Klokkerud et al. [3]
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medical specialists and non-medical professionals and prescribe a comprehensive 
treatment programme that aims to preserve and restore function [5]. Such a pro-
gramme offers the geriatric patient the best opportunity to increase physical skills 
and function [5].

Interventions Before Surgery The elderly orthopaedic patient should be instructed 
to perform breathing exercises to prevent pulmonary complications and active lower 
limb exercises to maintain good circulation and joint mobility and to do functional 
exercises for mobilisation in and out of bed [5].

Interventions Postoperatively The interdisciplinary rehabilitation team has to 
facilitate early resumption of active exercises and self-care tasks and to discour-
age prolonged bed rest (“bed is bad”) [4] and dependency on nursing staff and 
family members [5]. Physical and occupational therapy should be provided to 
restore mobility and self-care functions [5]. Notably, physical therapy (e.g. elec-
trotherapy, hydrotherapy, thermotherapy, massages and lymphatic drainage) can 
help to reduce the amount of medication needed and thereby to avoid severe side 
effects [4]. Occupational therapy aims to train activities of daily living (e.g. wash-
ing, dressing and eating), including exercises to enhance fine motor skills of the 
fingers, strengthening exercises, sensitivity training, joint protection and the pro-
vision of aids and remedies [4]. When planning discharge, the home environment 
should be assessed and modifications recommended to reduce the risk of falls and 
to ensure independent functioning to the extent possible. As soon as the rehabili-
tation goals have been obtained, the patient should be discharged from the hospi-
tal, but additional therapy in terms of rehabilitation aftercare may be required, 
either at home or at an outpatient facility [5].

Place of Treatment Rehabilitation interventions are not only to be carried out in 
the clinical context (outpatient or inpatient) but also at the patient’s home or in a 
nursing home. In recent studies, home-based rehabilitation provided the same or 
even higher gains regarding function, cognition, quality of life and patient satisfac-
tion compared to inpatient rehabilitation.

Assessments The comprehensive geriatric assessment encompasses the somatic, 
cognitive, emotional and social resources as well as functional deficits of the patient. 
The assessment of the baseline status of an older patient with a rheumatic disease 
should be conducted as detailed as needed. It may include a medical examination, 
laboratory assessments, radiography/imaging of the joints, an inquiry of the patient’s 
history, mobility tests, assessments of function in everyday life and well-being as 
well as the assessment of the socio-demographic and living background of the 
patient. Several assessments and patient questionnaires are available for the differ-
ent matters of interests.

Pain, fatigue, daily activities, physical function, quality of life, coping, motiva-
tion, goal attainment, mental health and participation are the domains that are most 
central for evaluating the effects of rehabilitation.
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Treatment Risks and Barriers Comorbid conditions, such as cardiovascular dis-
eases, impaired motor and cognitive functioning, geriatric problems, such as sarco-
penia and frailty, and the decline of social support and income as important resources 
to cope with the disease may complicate disease management strategies and limit 
the goals of rehabilitation programmes in elderly patients. Hence, treatment inter-
ventions have to be checked for appropriateness for people at an advanced age and 
must be adapted to their individual cognitive or health conditions as well as to their 
living background.

25.3  Rehab Interventions: State of the Art in Selected 
Rheumatic Diseases

The rheumatic diseases which occur most often in elderly patients include osteoar-
thritis, rheumatoid arthritis, polymyalgia rheumatica, giant cell arteritis (arteritis 
temporalis), crystalline arthropathy (gout and pseudogout), fibromyalgia, the 
Sjögren’s syndrome [1], systemic lupus erythematosus and ankylosing spondylitis.

25.3.1  Osteoarthritis

Osteoarthritis (OA) is the most prevalent rheumatic disease with the knees being the 
most commonly affected joints. According to the EULAR recommendations [6], 
treatment of OA should be based on the localization of OA and various risk factors 
(age, sex, comorbidity, obesity). For the planning of interventions, the presence of 
inflammation, severity of structural change, level of pain and restriction of daily 
activities are relevant [6].

Exercise is an important non-pharmacological treatment for symptomatic OA 
and seems to be effective in terms of pain and function [7]. Especially aerobic and 
strengthening exercise as well as weight reduction improved physical function and 
reduced pain in patients with OA of the knee [8]. Additionally, positive effects of 
proprioceptive exercises and balance training have recently been shown [9]. Manual 
therapy combined with exercises is also recommended in the disease management 
of patients with OA. Pharmacological interventions encompass non-steroidal anti- 
inflammatory drugs (NSAIDs), COX-2 inhibitors, topical NSAIDs, topical capsa-
icin and chondroitin sulphate [7]. In addition to exercise and medications, adjunctive 
interventions include thermal therapies (e.g. heat, cold and ultrasound), transcuta-
neous electrical nerve stimulation (TENS), pulsed electromagnetic field therapy, 
laser therapy and electrical (galvanic) stimulation [7]. For acupuncture, TENS and 
low- level laser therapy, moderate-quality evidence with respect to pain reduction is 
reported [8]. In addition to enhancing the functional status, the improvement of 
psychological outcomes is also an essential factor in the treatment of OA. 
Behavioural interventions, like patient education and behavioural change tech-
niques, lead to better psychological outcomes and a moderate pain reduction [7]. In 
the sense of a holistic biopsychosocial model, walking aids (e.g. a walking stick, 
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walking frames), assistive technology and adaptations at home (e.g. handrails for 
stairs, walk-in shower, heightened chairs, beds and toilet seats) should be consid-
ered to increase the patients’ independency and participation [6].

25.3.2  Gout

Today, gout patients are more clinically complex than in the past, due to various 
combinations of advanced age, comorbidities, drug-drug interactions and refractory 
tophaceous disease [10]. The disease is characterised by deposition of monosodium 
urate crystals in and around joints and soft tissues, resulting in painful inflammation 
[11]. Gout is associated with significant morbidity and mortality from both intra- 
and extra-articular complications and has an increased incidence in the elderly. 
Imaging may be helpful in making a firm diagnosis since clinical presentation in the 
elderly may differ from that in the younger patients.

Following evidence-based recommendations [12], specific risk factors, clinical 
phase and general risk factors should be considered in the treatment of gout. A com-
prehensive treatment of gout requires non-pharmacological modalities as well as 
pharmacological treatments. Patient education and appropriate lifestyle counsel-
ling, regarding weight loss in the case of overweight, low animal purine diet and 
reduced alcohol consumption, are core aspects of the management of gout [12]. 
Dietary interventions refer to an inclusion of skimmed milk and/or low-fat yoghurt, 
soy beans and vegetable sources of protein; limited intake of high-purine foods and 
red meat; avoidance of liver, kidneys, shellfish and yeast extracts; and an overall 
restriction of protein intake [13]. Patients with gout and a history of urolithiasis 
should be encouraged to drink more than 2 litres of water per day to avoid dehydra-
tion [13]. This is particularly important for all older persons. Herbal remedies 
should not be taken without medical consultation [13]. According to physical exer-
cise, trauma to joints and intense physical exercise should be avoided, whereas 
moderate physical exercise should be encouraged [13]. Xanthine oxidase inhibitor 
therapy with either allopurinol or febuxostat is recommended as the first-line phar-
macologic urate-lowering therapy approach in (chronic) gout. Medications that are 
commonly used in the treatment of acute gout include oral non-steroidal anti-
inflammatory drugs (NSAIDs), colchicine, oral glucocorticoids and the injection of 
glucocorticoids into the affected joint [11]. In addition to the pharmacological treat-
ment of acute gout, ice packs as well as elevating and resting the affected joint have 
been suggested to reduce the pain [13].

25.3.3  Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease charac-
terised by joint swelling, joint tenderness and destruction of synovial joints (see 
Fig. 25.2), often leading to severe disability and premature mortality [14]. For peo-
ple with newly diagnosed rheumatoid arthritis, treatment should follow the model 
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of the patient-centred standards of care for RA in Europe [15]. This is especially 
true for people with late-onset rheumatoid arthritis (LORA) that first occurs in the 
age of 65 years and older (approx. 30% of all RA patients) [4].

The American College of Rheumatology (ACR) guideline for the treatment of 
RA [16] covers the use of traditional disease-modifying antirheumatic drugs 
(DMARDs), biologic agents and glucocorticoids in early (<6 months) and estab-
lished (≥6 months) RA. Besides pharmacological treatment, regular exercise is one 
of the cornerstones of care in RA. Physical activity and exercise have numerous 
health benefits in patients with RA, e.g. improved joint health, physical function, 
mobility and psychological well-being as well as reduced rheumatoid cachexia and 
fatigue, without aggravating symptoms or inducing further joint damage. According 
to a recent review [17], long-term land-based aerobic exercise (e.g. bicycle ergom-
eter, cycling or jogging) and muscle strengthening exercise (e.g. rubber expanders, 
circuit interval training) of moderate to high intensity reduced activity limitations 
and improved both cardiorespiratory fitness (i.e. oxygen uptake) and muscle 
strength, while short-term aerobic exercise increased cardiorespiratory fitness only. 
A review of the effects of rehabilitation recently stated that physical therapy (PT) 
and occupational therapy (OT) significantly reduce pain in RA patients. Furthermore, 
grip strength in various grip types (power grip, key pinch, precision pinch and tripod 
pinch) improved through hand exercise therapy (including resistance and/or active 
range of motion exercises) without having adverse effects on pain or disease activity 
[18]. With regard to the intervention content, there is some evidence in favour of a 
longer therapy duration and a higher therapy intensity [18]. According to a Cochrane 

Fig. 25.2 Hands of a 70-year-old woman suffering from seropositive rheumatoid arthritis show-
ing severe ulnar deviation in the metacarpophalangeal joints
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review [19], physical activity and psychosocial interventions provided benefits in 
relation to self-reported fatigue in adults with RA.

25.3.4  Polymyalgia Rheumatica and Giant Cell Arteritis

Polymyalgia rheumatica (PMR) and giant cell arteritis (GCA) occur almost exclu-
sively in persons aged ≥50 years [20]. GCA occurs in at least 15% of PMR patients 
and about 40% of GCA patients exhibit symptoms of PMR [20].The proximal pain 
(hip and/or shoulder) and stiffness syndrome of PMR can occur in many other rheu-
matologic inflammatory illnesses in older people, e.g. in late-onset RA and ankylos-
ing spondylitis. GCA is the most common systemic vasculitis in the adult population 
[21]. The typical symptoms of new-onset GCA are bi-temporal headaches, jaw 
claudication, scalp tenderness, visual disturbances, systemic symptoms such as 
malaise, fever and weight loss, and polymyalgia [21].

According to the 2015 EULAR/ACR recommendations for the management of 
PMR [22], glucocorticoid (GC) therapy is the pharmacological treatment of 
choice—although relapses, long-term dependency and side effects (50%) are com-
mon problems. In addition, patients should have access to education focusing on the 
impact of PMR and treatment (including comorbidities and disease predictors) and 
to individually tailored exercise programmes to maintain muscle mass and function 
and to reduce the risk of falls (particularly in frail persons) [22]. Today, there are no 
studies investigating the value of further non-pharmacological therapies (e.g. phys-
iotherapy, relaxation techniques, diets, etc.) in PMR, and due to insufficient clinical 
experience, no specific recommendation exists regarding this issue [22].

The diagnostic assessment of GCA comprises laboratory testing (erythrocyte 
sedimentation rate, C-reactive protein), imaging studies (duplex sonography, high- 
resolution magnetic resonance imaging, positron emission tomography) and tempo-
ral artery biopsy [21]. The standard pharmacological treatment is glucocorticoid 
therapy (adverse effects: diabetes mellitus, osteoporosis, cataract, arterial hyperten-
sion) [21]. However, treatment with high-dose steroids, especially in an elderly 
population with multiple pre-existing comorbidities, carries serious risks (e.g. 
thrombosis), resulting in high rates of GC-related adverse side effects (86% at 
10 year follow-up) [23]. Therefore, immunosuppressive drugs (e.g. methotrexate) 
are proposed as GC-sparing therapy [23]. According to EULAR recommendations 
for the management of large vessel vasculitis [23], patients with GCA are at an 
increased risk of developing cardiovascular and cerebrovascular events and should 
be treated temporarily (e.g. for the first 3 months in the acute phase) with low-dose 
aspirin in the absence of contraindications. Fraser et al. [24] emphasised the role of 
patient education in the treatment of GCA: Patients with GCA must be informed of 
the risks and benefits of long-term corticosteroid use before commencing treatment, 
as well as the dangers of abrupt cessation of corticosteroids. They should be told 
that although a typical course of steroid treatment for GCA lasts 1–3 years, theirs 
could last longer [24]. Also, because GCA may relapse during the tapering process, 
patients must be advised to seek medical attention immediately whenever 
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symptoms of GCA recur, particularly if they develop new visual blurring or blind-
ness [24]. Almost nothing is reported in regard to non-pharmacological treatment 
of GCA (i.e. exercise, physical and occupational therapy).

25.3.5  Sjögren’s Syndrome

The Sjögren’s syndrome (SS) is a multisystem autoimmune disease that often affects 
the elderly and is characterised by hypofunction of the salivary and lacrimal glands 
[25]. It is often associated with other autoimmune conditions such as lupus erythe-
matosus or rheumatoid arthritis. The diagnosis and management of SS require three 
areas of specialty practice: rheumatology, ophthalmology and oral medicine [25].

SS patients with dry eyes should avoid aggravating environmental factors such 
as low humidity (e.g. excessive air-conditioning and airline travel), limit activities 
that can provoke tear film instability (e.g. prolonged reading and computer use) and 
avoid medications that decrease tear production [26]. Multiple artificial tear prepa-
rations are available in the market that help alleviate the dryness by replacing the 
tears [26]. Ocular ointment as replacement therapy should be used at night due to 
possible visual blurring if used during the day [26]. Furthermore, topical corticoste-
roid preparations (only short term) and cyclosporine ophthalmic emulsion showed 
positive effects in past studies [26].

SS patients with chronic dry mouth should maintain a good dental health to pre-
vent common dental complications (e.g. dental caries, gum disease and dental ero-
sions) [26]. The salivary secretion can be physically stimulated by chewing 
sugar-free chewing gum, and saliva substitutes help to increase moisture in oral 
surfaces [26]. The use of pharmacological agents in elderly patients is not recom-
mended due to missing efficacy or adverse side effects [26].

25.3.6  Ankylosing Spondylitis

Ankylosing spondylitis (AS) is a chronic, inflammatory rheumatic disease charac-
terised by inflammatory back pain due to sacroiliitis and spondylitis and the forma-
tion of syndesmophytes leading to ankylosis (see Fig. 25.3) and is frequently 
associated with peripheral arthritis, enthesitis and acute anterior uveitis [27]. 
Approximately one-third of the patients report peripheral joint involvement, most of 
them in the hip, the shoulder and the knee, as well as extra-spinal manifestations 
affecting the bowel or the heart [28]. Furthermore, AS is often accompanied by an 
increased risk of cardiovascular morbidity [28]. With an estimated prevalence of 
0.9% in northern European white populations, AS is a significant health burden to 
the community [27]. Symptoms commonly begin in late adolescence and early 
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adulthood; however, patients are able to approach an old age in relatively good 
health due to improved medical care.

For symptom control, exercise and non-steroidal anti-inflammatory drugs 
(NSAIDs) are primarily recommended by the EULAR [27]. When planning the 
treatment, current manifestations of the disease, the level of current symptoms, 
clinical findings, prognostic indicators, the general clinical status and, of course, the 
wishes and expectations of the patients should be taken into account [27]. 
Pharmacological interventions comprise non-steroidal anti-inflammatory drugs 
(NSAIDs), COX-2 inhibitors, analgesics (paracetamol, opioids) and corticosteroid 
injections to the local side of musculoskeletal inflammation. No evidence is reported 
for traditional disease- modifying antirheumatic drugs, e.g. sulfasalazine and metho-
trexate, regarding the treatment of axial disease [27]. Biologic agents, however, are 
able to reduce pain and inflammatory burden and to improve physical function in 
patients with axial involvement.

Fig. 25.3 X-rays of a 75-year-old woman suffering from ankylosing spondylitis showing com-
plete ankylosis of sacroiliac joints and the lumbar spine, joint replacement of the left hip after coxi-
tis and joint space narrowing of the right hip
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Exercise therapy plays a pivotal role in the treatment of AS and focuses mainly 
on improving and/or maintaining physical function and posture by mobility exer-
cises, muscle strengthening, stretching of specific muscle groups and cardiorespira-
tory training [29]. Additionally, spa therapy and patient education have been shown 
to have short-term benefits regarding function in AS [27]. Exercise therapy is not 
able to stop the process of ankylosis, but it can avoid stiffening of the spine in an 
flexed position. However, in the elderly patient, this treatment goal is of lower 
importance, since the inflammatory course of the disease usually starts before the 
age of 40.

25.4  Discussion

The number of elderly patients with rheumatic diseases will continuously increase 
in the next few years. Therefore, it is necessary that the structures of the healthcare 
system for elderly patients with rheumatic diseases are prepared for this challenge 
[30]. Two important fields are of particular relevance: multimorbidity and the pre-
vention of disability. These problems can be faced by structures which facilitate 
interdisciplinary care, e.g. institutions which provide rehabilitation for elderly 
patients with rheumatic diseases [30]. This can be realised in either an outpatient 
or an inpatient setting. Rheumatologists working in interdisciplinary fields, in out-
patient practices and in specialised rheumatology hospitals have key functions in 
the care of elderly patients with rheumatic diseases [30] and can be supported by 
special, rheumatologically qualified nurses. According to concrete treatment pro-
cedures, pharmacological treatment is the mainstay in rehabilitation management 
of patients with rheumatic diseases, highly investigated and thus constantly 
improving. However, multi-medication in older multimorbid patients is difficult to 
handle because of incalculable cross-interactions between the single 
medicaments.

• Consequently, pharmacological treatment has to be reduced as far as pos-
sible, and non-pharmacological interventions have to be increased.

For the prevention of disability, it is necessary to activate the patients to the 
maximum possible. This is especially important for patients after undergoing sur-
gery: They should be in bed as little as possible. Activation of the patients can be 
achieved particularly by regular physical exercise and occupational therapies. In 
case of acute flares and high disease activity, joints are passively moved and relaxed; 
physical therapies are used for pain relief. In case of low disease activity, exercise 
therapy helps to maintain the flexibility of the joints, to strengthen the muscles and 
to stabilise the patient as a whole. Last but not least, adequately adapted aids and 

K. Mattukat et al.



235

remedies can significantly increase the patients’ independence in everyday life and 
improve their quality of life in this way.

Key Points
• Treatment goals for older patients with rheumatic diseases are pain relief, 

restoration and preservation of (joint) function and maintenance of inde-
pendence in everyday life.

• The pharmacological treatment should be reduced as far as possible due to 
possible cross-interactions and adverse side effects.

• Non-pharmacological interventions, e.g. physical, occupational and exer-
cise therapy as well as technical aids and remedies, should be highlighted 
instead.

• The involvement of family members or other help providers is fundamental 
for the success of the rehabilitation process—especially if the older patients’ 
self-help capacity is limited due to functional or cognitive impairment.
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26Cervical Pain, Lumbar Pain, 
and Sciatalgia

Andrea Furlan and Miriam Duso

26.1  Introduction

Due to the complexity of structures in the spine, determination of the cause of neck 
pain (NP) and low back pain (LBP) is not always possible. Age-related degenerative 
processes affecting the spine are found in most of the population older than 60 years 
and can be asymptomatic or cause NP and LBP, with or without radiculopathy. 
These changes can also lead to spinal stenosis and its related symptoms [1]. 
However, NP and LBP can be a feature of many other conditions, including serious 
diseases such as cancer, infections, fractures, and rheumatologic illnesses.

The elderly patient with NP and LBP has lower physical performance than their 
pain- free peers [2] and a lower global health as they are more frequently affected by 
other morbidities, especially bone and joint disorders, migraine, and cardiovascular, 
pulmonary, and gastric disorders [3].
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26.2  Neck Pain in the Elderly

26.2.1  Epidemiology

NP affects every year approximately 16–20% of the older population [2]. Many 
conditions can cause NP, and in the elderly population, a major cause is osteoarthri-
tis of the cervical spine. Not all of the individuals affected by cervical osteoarthritis, 
however, have clinical signs or symptoms of pain. Clinicians should be aware that 
there are other conditions that can potentially cause neck pain, which include cervi-
cal instability, fracture, neoplastic conditions, vascular compromise, thoracic outlet 
syndrome, and affections of the cervical musculature such as myofascial pain syn-
drome, torticollis, and whiplash [4].

NP can be transitory (less than 7 days), short-duration NP (between 7 days and 
3 months), and long-duration NP (>3 months) [5]. It can be classified as (a) NP 
without suspect of underlying serious pathology and with no or little interference 
with the activities of daily living (ADL), (b) NP without suspect of underlying seri-
ous pathology but with major interference with ADL, (c) NP without suspect of 
underlying serious pathology but with neurological deficits (motor, sensitive, weak-
ness), and (d) NP with suspect of underlying serious pathology [5].

26.2.2  Symptoms

Localization of pain may vary: there are patients with axial pain only and patients 
with both axial and radiating pain. Axial pain is localized in the posterior cervical 
region, and it can radiate upward to the head (typically the occipital region) or to the 
superior trapezius or the interscapular region. If radiculopathy is present, pain radi-
ates to the arm along the distribution of a specific nerve root, with sensory and 
motor symptoms such as paresthesias, dysesthesias, numbness, and weakness that 
follow the specific myotomal and dermatomal distribution [1]. It is important to rule 
out symptoms of serious underlying disease, commonly called “red flags” (see 
Table 26.1). For example, red flags for cervical myelopathy include gait abnormali-
ties, resulting from sensory and motor extremity deficits (numbness, paresthesias, 
impaired proprioception, weakness and difficulty in fine motor tasks, hyperreflexia), 
neurogenic bladder, or bowel and sexual dysfunction [1].

26.2.3  Physical Exam

Physical examination of a patient who complains of NP should include evaluation 
of range of movement of the cervical spine (flexion, extension, rotation, and side 
bending), the cervical and thoracic segmental mobility test, the cranial cervical flex-
ion test, and the neck flexor muscle endurance test. In patients with radicular symp-
toms, the physical examination should also include upper limb tension test, the 
Spurling test, the distraction test, and the Valsalva test [1]. In patients with radicular 
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pain, an accurate examination helps to identify the involved nerve root: this means 
an accurate sensory testing, motor testing, and evaluation of deep tendon reflexes 
(see Table 26.2). Cervical facets can be examined by manual palpation of the spinal 
segments: pressure on the involved facet joints causes exacerbation of the usual 
symptoms. Evaluation also includes the palpation of neck muscles for tone, tender-
ness and contractures. Gait evaluation is important and may be abnormal if myelop-
athy is present. Validated scales and instruments, such as Neck Disability Index and 
Patient-Specific Functional Scale, allow to evaluate how pain can affect the activi-
ties of daily living (ADL). A surgeon or rheumatologist consultation may be appro-
priate in cases of neck pain associated with red flags [4].

26.2.4  Imaging

When imaging is necessary, a plain radiograph is the first exam to be ordered in the 
elderly patient with NP, eventually associated to dynamic X-rays. Advanced 

Table 26.1 Red flags (for both neck and low back pain)

Potential cause Red flags
Cancer History of cancer

Unexplained weight loss
Progressive pain not responding to therapies
Nighttime pain, pain at rest

Vertebral infection History of infection
Fever
IV drug use
Immunosuppression
Systemic symptoms such as fever with chills, high 
inflammatory markers

Fracture History of trauma
Osteoporosis
Steroid use
Structural deformity
Midline spine tenderness

Myelopathy Pain in the extremities
Weakness in the extremities
Sensory deficits and/or atrophy in the extremities
Hyperreflexia

Cauda equina syndrome Bladder dysfunction
Bowel incontinence
Saddle anesthesia
Weakness of the lower limbs
Gait disturbance

Inflammatory (rheumatological) 
cause

Pain and stiffness worsening with rest
Morning stiffness (>30 min)
Altered inflammatory markers
Multiple joint involvement

Adapted from Chou et al. [6], Côté et al. [7], Dagenais et al. [8], and Van Tulder et al. [9]
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imaging, such as CT, MRI, and bone scan, can be considered in case of NP, but not 
routinely, as there is a lack of evidence in the literature of the correlation between 
abnormal findings and patients’ symptomatology [4]. In patients with referred arm 
pain, an electromyographic study can be useful to distinguish peripheral nerve 
entrapment syndromes from cervical radiculopathy [11].

26.2.5  Pharmacological Therapy

In transient or short-duration NP, muscle relaxants are the only pharmacological 
therapy suggested by current evidence. NSAIDs can be considered in order to 
relieve pain in patients with long-duration NP. NSAIDs must be prescribed only for 
short periods due to their many side effects. There is no evidence for efficacy of 
acetaminophen/paracetamol [4].

26.2.6  Non-pharmacological Therapies

 1. Education of the patient. For patients without red flags, clinicians must educate 
the patients about NP, reassuring them that it is usually a condition with a good 
prognosis, and should advise a quick return to normal activities [4, 7].

 2. Pillows seem to be beneficial in reducing pain [12] and can be recommended as 
part of the NP treatment.

 3. Cognitive behavioral treatment might have a role in reducing pain and disabil-
ity in the short term in patients affected by chronic NP, but its role is still to be 
demonstrated [13].

 4. Exercises are used in common practice in patients with NP. Strengthening, 
coordination, and endurance exercises are suggested in patients with NP and 
neck-related headache. Stretching exercises of the scalenes, trapezius, levator 
scapulae, and pectoralis minor and major can also be prescribed. Centralization 

Table 26.2 Cervical radicular referred pain—characteristics

Nerve root 
level Sensory deficits/location of pain Muscle weakness Reflex
C2 Occipital, eyes
C3 Neck, trapezius
C4 Neck, trapezius
C5 Shoulder, lateral arm Deltoid, biceps Biceps
C6 Radial forearm, first and second 

digits
Biceps, wrist 
extension

Brachioradialis, biceps

C7 Third digit Triceps, wrist flexion Triceps
C8 Fourth and fifth digits, ulnar 

forearm
Finger flexors

T1 Ulnar arm Hand intrinsic 
muscles

Adapted from Frontera and Silver [1], Hoppenfeld [10], and Iyer [11]
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exercises are not recommended [4]. Adverse effects after exercise are self- 
limiting and include headache; neck, shoulder, or thoracic pain; or symptom 
worsening [14].

 5. Physical therapy modalities: Low-level laser therapy (LLLT) is recommended 
for chronic NP, but not for acute patients [7]. Pulsed electromagnetic fields 
(PEMF), repetitive magnetic stimulation, and TENS might be effective in 
reducing pain (low-level evidence). Galvanic current, iontophoresis, electrical 
muscle stimulation, and static magnetic field do not seem to be useful in reduc-
ing neck pain [15].

 6. Massage can provide some relief from pain in chronic NP. It does not seem use-
ful in acute NP [7].

 7. Cervical mobilization/manipulation seems to have a role in reducing both acute 
and chronic NP, especially when associated with exercises [4]. Maiers et al. 
suggested that in elderly population, spinal manipulative therapy associated 
with home exercises is more effective in reducing pain and disability than exer-
cises alone in the short term [16]. Potential risks of mobilization/manipulation 
are local or radiating discomfort, headache, fatigue, or more rarely dizziness 
and nausea (in a minority of patients); however, these symptoms are usually 
transitory. There is only inconclusive evidence on the association between cer-
vical spinal manipulative therapy and cervical artery dissection [17]. 
Contraindications to cervical mobilization are osteoporosis, inflammatory 
spondylopathy, vertebral metastases, or other weakening conditions of the 
spine.

 8. Thoracic mobilization/manipulation can reduce pain and disability [4].
 9. Acupuncture seems to have a role in reducing NP [18]. Needling of myofascial 

trigger points, both dry needling and wet needling (using lidocaine or other 
local anesthetics), can be useful in relieving myofascial neck and shoulder pain; 
wet needling seems more effective [19].

 10. Cervical collars [7], heat [7], and cervical traction are not recommended as they 
do not seem to provide any benefit.

26.3  Low Back Pain in the Elderly

26.3.1  Epidemiology

Prevalence of low back pain (LBP) in the elderly is approximately 25% [20]. Severe 
LBP seems to afflict 13% of older men and 20% of elderly women for at least 
30 days every year [2].

LBP can be acute (<6 weeks), subacute (6–12 weeks), and chronic (>12 weeks). 
Ninety percent of patients affected by acute LBP recover within 6 weeks; however, 
LBP will persist more than 12 weeks in 2–7% of patients [21]. LBP can be classified 
in (a) mechanic or nonspecific LBP, (b) LBP associated with radicular pain, (c) LBP 
with an underlying serious pathology, and (d) LBP referring from a visceral disease 
[6, 9, 22, 27, 32].
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26.3.2  Symptoms

LBP is usually defined as pain in the lower back, between the costal margin and the 
inferior gluteal folds [21], or the thighs; it can radiate to the legs with a radicular 
distribution, associated or not to sensory and motor symptoms (sciatica) [6].

26.3.3  Patient Evaluation

In limited cases, a serious disease could cause LBP. Therefore, patient evaluation 
must primarily aim at identifying signs, symptoms, and patient characteristics that 
will alert the physician (“red flags”). In particular, cancer can be suspected in a 
patient with LBP and a history of malignancy, nocturnal pain, symptoms at rest that 
do not respond to therapy, or if they are associated to weight loss. On the other hand, 
a history of recent trauma, osteoporosis, or recent use of steroids could be associ-
ated with a vertebral fracture, especially in the presence of an evident structural 
deformity of the spine. It is also important to look for symptoms of cauda equina 
and infection (Table 26.1).

LBP can also have visceral or non-spinal origin, such as arterial (aortic aneu-
rysm), renal, gastrointestinal, or pelvic [22]. “Yellow flags” are emotional and 
behavioral factors associated with pain chronicity, such as anxiety, depression, and 
avoidance of normal activities resulting from fear of pain exacerbations, and should 
always be sought and modified with psychosocial support interventions [8].

Physical examination includes sensory testing of the lower limbs and evaluation 
of deep tendon reflexes and muscle strength (see Table 26.3). Special maneuvers 
can be helpful in distinguishing different pain sources; straight leg raising test, for 
example, is commonly used to detect nerve root irritation and has a high sensitivity 
but low specificity [6]. In case of herniated disc or bulging, disc pain radiates to the 
legs following a specific nerve root dermatomal irradiation (see Table 26.3), but, on 
the contrary, it does not have a radicular distribution when it has a myofascial origin 
or it is due to spinal stenosis.

Validated scales and instruments such as the Roland Morris Disability 
Questionnaire and Oswestry LBP Disability Scale can help the clinician in evaluat-
ing the severity of LBP and how it affects the ADL.

Table 26.3 Lumbar radicular referred pain—characteristics

Nerve 
root 
level

Sensory deficits/location 
of pain Muscle weakness Reflex Screening test

L4 Anterior thigh, medial 
leg and foot

Quadriceps/tibialis anterior Patellar Rising from 
squat position

L5 Lateral thigh and leg 
and dorsum of foot

Extensor hallucis longus/
tibialis anterior

Hamstring Walking on 
heels

S1 Posterior thigh and leg 
and lateral foot

Fibularis (peroneus) longus 
and brevis

Achilles Walking on 
toes

Adapted from Hoppenfeld [10] and Manchikanti et al. [23]

A. Furlan and M. Duso



243

26.3.4  Imaging

Imaging studies should not be routinely used in acute LBP without signs or symp-
toms of underlying serious disease, as their findings are not always related to symp-
toms. Whenever fracture is suspected, a plain radiograph is recommended. Lumbar 
spine plain X-ray, followed by an MRI, can be useful if cancer is suspected. MRI or 
CT scan should be promptly ordered in case of new-onset lumbar pain and a history 
of malignancy, suspected vertebral infection, spinal stenosis, cauda equina syn-
drome, and herniated disc [24].

26.3.5  Prevention of LBP

 – Physical activity such as gardening, walking, cycling (>30 min/day), sport, or 
dancing should be encouraged in the aging population; moderate to high inten-
sity physical activity, at least once a week, protects from LBP [25].

26.3.6  Pharmacological Treatment

 – Paracetamol (acetaminophen) is not better than placebo for acute LBP. (Reference 
to Saragiotto BT, Machado GC, Ferreira ML, Pinheiro MB, Abdel Shaheed C, 
Maher CG. Paracetamol for low back pain. Cochrane Database Syst Rev. 2016 Jun 
7;(6):CD012230). NSAIDs are more efficient than paracetamol but have more side 
effects. Muscle relaxants such as cyclobenzaprine or methocarbamol can also be 
prescribed, especially for myofascial pain syndrome. In case of more severe pain, 
other medications such as opioids or tramadol can be used for short periods (less 
than 4 weeks), but patients need to be monitored for sedation, overdose and aberrant 
behaviours. Tricyclic antidepressants may provide some benefit in patients with 
chronic LBP, especially in the presence of pain associated with neuropathic pain 
(such as radiculopathy), fibromyalgia or myofascial pain syndrome. Gabapentin can 
give some small, short-term relief in case of radicular symptoms [6].

26.3.7  Non-pharmacological Therapy

There are many conservative and interventional procedures offered in practice and 
described in the scientific literature; below is a list of the treatments that are most 
commonly used in everyday practice and those with the best current evidence.

 – Acute low back pain:

In the absence of red flags, the patient must be reassured, and a fast return to 
daily activities must be encouraged. Bed rest is not recommended and should not 
exceed 2 days. There is no evidence in support of prescription of exercise therapy in 
the acute phase of LBP [9]. Spinal manipulation can be considered [6, 9], but 
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traction does not seem to be effective [9, 30]. Physical therapy modalities such as 
ultrasound, TENS, or laser are not suggested [9]. Massage seems to control pain, 
and heat can also give some short-term relief [6, 29].

 – Chronic low back pain:

 1. Cognitive behavioral treatment seems to be moderately effective [6], and it is 
recommended to improve pain and function in patients suffering from chronic 
low back pain [26].

 2. Mindfulness meditation is a technique which might have some role in improv-
ing pain acceptance [27].

 3. Exercise therapy is recommended as first-line therapy in patients with chronic 
low back pain [26], as it seems to be effective in reducing pain and improving 
function. There is little evidence about which exercise modality is best in 
elderly patients; therefore, a practical approach is to prescribe a general exer-
cise program that combines four types of exercises: strengthening, stretching, 
aerobic and relaxation (“SSAR”) exercises [28].

 4. Back school or group education that teaches self-management strategies can be 
considered to improve knowledge about pain and function in the short term [26].

 5. Massage is useful to control pain and improve function, at least in the short 
term; but when compared to other treatments, it does not seem to have any 
beneficial effect on physical function [29].

 6. Spinal manipulation could be useful for improving pain [26].
 7. Acupuncture can be moderately effective in relieving pain [6].
 8. There is limited evidence on the efficacy of physical therapies, such as interfer-

ential current, therapeutic ultrasound, laser therapy, thermotherapy, shortwave 
diathermy, and TENS [6, 26].

 9. There is no evidence for lumbar support [26].
 10. Traction is not suggested in LBP as there is no evidence supporting any type of 

traction (mechanical, motorized, manual, or auto-traction) [30].

Conservative interventions can be also combined. Currently, there is no recom-
mendation about which modality is to try first; therefore, it is important to discuss 
the treatment with the patient and decide according to his/her preferences and 
availability. In any case, before considering a treatment ineffective, an adequate 
time of trial and observation is important.

26.4  Interventional Procedures and Surgery for NP and LBP

In those patients whose progressive symptoms do not improve with conservative 
treatment, invasive procedures are suggested both in NP and in LBP.

There is good evidence that cervical interlaminar epidural injections with local 
anesthetic, eventually associated with steroids, can be useful in NP secondary to 
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disc herniation or radiculitis, while in discogenic pain, spinal stenosis, and postsur-
gical pain syndrome, evidence is fair. Efficacy of epidural lumbar injection therapy 
with steroids and local anesthetics has been proved with good evidence, in patients 
with disc herniation or radiculitis; however, there is fair evidence in case of axial or 
discogenic pain without herniation, spinal stenosis, facet joint pain, and postsurgery 
syndrome [23].

Immediate spine surgeon consultation is mandatory when suspected cauda equina 
and a referral to a surgeon or interventional pain specialist is recommended in patients 
refractory to all conservative treatments. In patients with cervical radicular pain with 
severe impairments, surgery may be a reasonable option. Pain relief is usually 
observed immediately after surgery, although it is not clear if the long-term outcome 
of surgery is better than conservative treatment. Currently, there is no evidence on the 
best surgical procedure [31]. In refractory and severely disabling LBP, the main surgi-
cal options are vertebral fusion, instrumented stabilization, and vertebral decompres-
sion. Although there is no definitive demonstration in literature of the efficacy of 
surgery compared to conservative treatment in the long-term pain management, sur-
gery seems to be beneficial in degenerative spondylolisthesis and symptomatic lum-
bar canal stenosis [32]. A surgical treatment is a procedure that can behold many risks 
in the elderly and especially in patients with multiple comorbidities.
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27.1  Bone Physiology and Age-Related Bone Changes

27.1.1  Bone Tissue Metabolism in Older Adults

Bone tissue undergoes continuous remodeling throughout life, where resorption 
and formation alternatively occur. From a biomechanical point of view, the aim of 
bone remodeling is to repair the micro-cracks and to adapt the shape and the bone 
density to the mechanical load which the skeleton usually undergoes. Bone tissue 
also serves to store various substances, in particular calcium and phosphorus ions 
that can be released into the blood in order to keep steady their serum 
concentrations.

The 5–10% of the entire adult skeleton is replaced every year through bone 
remodeling [1]. Bone turnover is rigorously regulated by the coupled action of 
osteoblasts and osteoclasts. These two types of cells build the basic multicellular 
units (BMUs), whose activities are controlled by several hormones and growth 
factors [2].

During skeletal growth, formation exceeds resorption with a consequent increase 
in the total body bone mass, reaching the bone peak mass (between 20 and 25 
years). Bone formation and resorption are balanced till the fourth decade of life. 
After this time the total bone mass will start to decrease, so that at 80 years it will 
be reduced to the 50% of the peak value [3]. In fact, in the elderly, bone remodeling 
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is characterized by an increase of osteoclastic resorption and a reduction of osteo-
blastic formation, resulting in bone mass reduction. Among the pathogenetic mech-
anisms involved in skeletal aging, chronic inflammation (inflammaging) has been 
identified as playing an important role, through the action of pro-inflammatory cyto-
kines on bone remodeling process [4]. Several studies have shown that the levels of 
interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), and IL-1, elevated in 
elderly [5], inhibit the production of new osteoblasts and can induce their apoptosis. 
Moreover, in aging, there is an alteration in growth hormone (GH) and insulin- like 
growth factor-1 (IGF-1) serum levels with a progressive decrease of GH secretion 
and consequent reduction of IGF-1 levels [6], which is further decreased by the 
simultaneous increase in serum IGF-binding proteins that reduces the bioavailabil-
ity of IGF-1 [7]. This protein is a powerful anabolic factor that increases osteoblasts 
number and activity [8].

Another issue with aging is the reduction of physical activity [9]. In fact, it is 
well known that exercise, through the increase of the mechanical load, can posi-
tively influence bone mass [10].

Bone is a tissue that dynamically adapts its mass and architecture to the 
mechanical stress of daily living. Osteocytes are considered mechano-sensors that 
detect mechanical afferents and translate them into biochemical messages. In 
physiological conditions, the osteocyte network controls osteoclastogenesis and 
suppresses osteoblast function, thus increasing bone resorption and inhibiting 
bone formation. Unloading conditions promote the osteocytes production of mol-
ecules stimulating osteoclastogenesis, whereas physical activity counteracts this 
function by reducing both osteoclastogenesis and at the same time stimulating 
osteoblast function [11]. Recently it has been shown that osteocytes produce sev-
eral molecules in response to mechanical stimulation: in addition to the collagen 
and alkaline phosphatase, these cells produce DMP1 (dentin matrix protein 1), 
PHEX (phosphate-regulating neutral endopeptidase on chromosome X), MEPE 
(matrix extracellular phosphoglycoprotein), FGF-23 (fibroblast growth factor 23), 
osteocalcin, osteoprotegerin, and sclerostin [12]. In particular, sclerostin is an 
acid glycoprotein of 190 amino acids secreted mainly by osteocytes [13]. Its func-
tion is to antagonize the Wnt signaling pathway, thus suppressing the activity of 
osteoblasts and downregulating bone turnover [13]. This pathway is involved in 
bone response to mechanical loads.

Both adequate nutrition and physical activity are necessary to achieve the geneti-
cally determined peak bone mass, which in turn is one of the most important factors 
that influence bone mass in old age [14].

27.1.2  Calcium, Phosphorus, and Vitamin D Metabolism 
in the Young Adult and in the Elderly

Bone aging is characterized by an inadequate mineralization of the osteoid tis-
sue. It mainly depends on an impaired intestinal absorption of dietary calcium. 
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The trans- cellular active absorption is regulated by 1,25(OH)2D that induces the 
synthesis of the calcium-binding protein (CBP) or calbindin, which facilitates 
the diffusion of calcium inside the cell toward the basolateral membrane and the 
extracellular fluid [15]. A variable amount of vitamin D is conducted to storage 
sites, mainly adipose and muscle tissues, from where it is continuously mobi-
lized. Several studies have shown that plasma levels of both 25-OH-D3 (the vita-
min D metabolite usually detected in the blood) and its biologically active form 
(calcitriol) decrease with aging by about 50% in both men and women. 
Hypovitaminosis D is an extremely common condition in the elderly because of 
the reduction of sun exposure, of the ability to convert vitamin D by the skin, of 
the vitamin D intake, of the intestinal vitamin D absorption, and of the 
1-α-hydroxylase activity [16].

In the elderly, the reduced calcium availability, resulting from hypovitaminosis 
D, leads to an abnormal calcification of osteoid tissue, named osteomalacia. The 
simultaneous increase in serum PTH levels, aiming to increase the calcium levels, 
causes an activation of osteoclasts that leads to an excessive cortical and trabecular 
bone resorption resulting in osteoporosis. The coexistence of these two pathological 
conditions gives rise to the so-called osteoporomalacia that should be considered 
the typical senile bone disease.

27.1.3  Crosstalk Among Bone and Other Tissues

Bone might be considered as an endocrine organ, since it produces molecules 
 acting not only on the bone itself but also at distance on other tissues and organs. 
On the other hand, bone is a target of several substances produced by other tis-
sues. These mutual interactions play a key role in regulating relevant metabolic 
activities.

27.1.4  Bone and Gonads

Sex steroids affect bone and muscle growth and contribute to the maintenance of the 
homeostasis of these tissues during adulthood, so their deficiency can contribute to 
the development of osteoporosis and sarcopenia in both genders.

After menopause the major estrogen source is the adipose tissue that converts 
androstenedione, derived from dehydroepiandrosterone, into estrone. This latter 
does not exert the same trophic function on bone as estradiol; therefore, it is not able 
to counteract the age-dependent changes of the female skeleton. That is why the loss 
of bone mass, architectural integrity, and strength can be observed in female senile 
skeleton. In elderly men bone mass decreases with the decline of gonadal function 
due to the loss of Leydig cells in the testes and consequent decrease of testosterone 
levels [17]. However, androgens appear to be less important than estrogen in the 
maintenance of bone health in older men [18].
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27.1.5  Bone, Muscle, and Adipose Tissue

Bone, muscle, and adipose tissues are involved in the complex energy metabolism 
scenario. These tissues have the same mesodermal origin and influence each other 
through a biochemical crosstalk producing several molecules with paracrine and 
endocrine activities [19]. Both osteoblasts and muscle fibers express receptors for 
two hormones produced by fat tissue, leptin, and adiponectin that have direct osteo-
genic effects [20, 21], promoting osteoblastogenesis and inhibiting osteoclastogen-
esis in bone marrow stromal cells as demonstrated in animal studies [22, 23]. In 
muscle, adiponectin increases mitochondrial number improving the oxidative tissue 
metabolism [24].

Another actor in bone/muscle/fat crosstalk is osteocalcin, a protein produced by 
osteoblasts and routinely used as a marker of bone formation. Osteocalcin stimu-
lates the synthesis of adiponectin by adipocytes, increasing insulin sensitivity in 
muscles and enhancing the testosterone release in males [25].

27.1.6  Bone and Nervous System

Bone is an extremely dynamic tissue, as it continuously remodels itself, requiring a 
large amount of energy as well as muscle activity. Fat tissue provides the energy 
used to drive these complex metabolic processes. Through the mechanism of appe-
tite regulation, the hypothalamus controls the amount of fat tissue. This anatomical 
region also modulates reproductive mechanisms, thus representing the link between 
energy metabolism and reproduction and bone metabolism, with osteocalcin as a 
modulator of these interactions. Hypothalamic cells present leptin receptors that 
stimulate the sympathetic activity, which, via osteoblastic adrenergic receptors, 
induces the overexpression of the gene coding for the RANKL, thus promoting 
bone resorption. Therefore, leptin inhibits the appetite and promotes the reproduc-
tion, energy consumption, and bone resorption.

It is likely that, within the central nervous system (CNS), there is the “control 
room” of the integrated management of bone-muscle-fat energy metabolism [26]. 
Recently, there have been identified four stages for these complex mechanisms. In 
the first stage, bone detects the energy requirements, and fat deposits send afferent 
signals to the hypothalamus. In the second stage, there is the activation of the hypo-
thalamus and other complex neuronal network that promotes adrenergic activity in 
order to regulate bone metabolism (third stage), since osteoblasts express beta- 
adrenergic receptors. These cells modulate the synthesis of adiponectin by the adi-
pocytes, completing the crosstalk circle between bone tissue and CNS (fourth 
stage). It is likely that these complex mechanisms might change with aging because 
of the alterations of the single components (bone, muscle, and fat) and also of the 
“control room” within the CNS (Fig. 27.1).
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27.2  Osteo-metabolic Disorders in Elderly: Osteoporosis 
and Osteomalacia

27.2.1  Osteoporosis

27.2.1.1  Definition
Osteoporosis is a systemic skeletal disease characterized by a generalized decrease 
in bone density and deterioration of the microarchitecture of bone tissue that predis-
pose to skeletal fragility resulting in increased risk of fractures [27].

From an operational point of view, the WHO defined osteoporosis when the bone 
mineral density (BMD) is less than 2.5 standard deviations than the mean peak bone 
mass of healthy young adults [27], based on a BMD measured by dual-energy X-ray 
absorptiometry (DXA). The normal BMD corresponds to a T-score ≥ −1; 
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Fig. 27.1 Crosstalk among SNS, fat tissue, bone, and skeletal muscle
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osteopenia is defined as a T-score between −1 and −2.5; severe osteoporosis as a 
T-score ≤ −2.5 with a fracture.

27.2.1.2  Epidemiology
The incidence of osteoporosis increases with aging affecting most of the population 
over 80 years old. It is estimated that about one out of two women over the age of 
50 will sustain a fragility fracture [28]. In the Italian people aged over 50, the inci-
dence of hip fractures is more than 90,000, and vertebral fracture was detected in 
over 20% of people over 65 in both men and women [29].

27.2.1.3  Physiopathology
Primary or idiopathic osteoporosis includes juvenile, postmenopausal, and senile 
osteoporosis.

Secondary osteoporosis instead includes all clinical conditions in which the bone 
involvement is not the main pathologic finding, but the bone is one of the targets of 
primary disease or related treatments, especially those that include the use of 
glucocorticoids.

The main pathogenetic factor of postmenopausal osteoporosis is the estrogen 
depletion that worsens the age-related bone loss occurring from the age of 40 [30]. 
Senile osteoporosis comes from the combination of various factors: tissue aging, 
hormone depletion, nutritional disorders, and decrease in physical activity.

Secondary osteoporosis is caused by several diseases such as endocrine disor-
ders and hematologic, gastrointestinal, rheumatic, and kidney diseases or by the use 
of medications such as glucocorticoids, anticoagulants, and other drugs [31].

Male osteoporosis can be considered primary only in 40% of cases [32], whereas 
most frequently it is secondary to other conditions, such as hypogonadism, alcohol-
ism, multiple myeloma, hyperparathyroidism, malabsorption, and corticosteroid 
use [33], but also to androgen deprivation therapy for prostate cancer [34].

27.2.1.4  Risk of Falls and Fragility Fractures in Older Patients
Fall is the most important risk factor for fragility fractures, and the risk of falling 
increases exponentially with aging. The risk factors of falling can be categorized as 
intrinsic or extrinsic. The first ones include the physiological decline in age-related 
postural control mechanisms [35] and appendicular muscle strength, medications 
(diuretics, antiarrhythmics, antidepressants), orthostatic hypotension, and comor-
bidities. Neurological diseases, such as Parkinson’s disease, cerebellar disorders, 
peripheral neuropathy, myelopathy secondary to cervical spondylosis, epilepsy, and 
stroke, increase the risk of falling.

Extrinsic risk factors include environmental issues, such as low or soft chairs, 
carpets, slippery surfaces, raised thresholds, stairs (especially the first and last step), 
inadequate lighting, unsuitable shoes, clutter, and wires. The reduction of the risk of 
falling is the main target of a non-pharmacological approach for the prevention of 
osteoporotic fractures [36].
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Fragility fractures occur when a mechanical stress applied to the bone exceeds its 
strength. They result from a “low-energy” trauma due to mechanical forces equiva-
lent to a fall from a standing height or less, which would not ordinarily cause a 
fracture.

27.2.1.5  Treatment of Primary and Secondary Osteoporosis
In order to reduce the risk of fragility fractures, a preventive strategy can be taken 
which is essentially based on exercise and lifestyle [37]. The National Osteoporosis 
Foundation (NOF) suggested the use of different prevention measures that include 
an adequate calcium and vitamin D intake, constant and regular physical activity, 
smoking cessation, alcoholism identification and treatment, and fall prevention. 
Physical activity is strongly recommended as an effective strategy to reduce the risk 
of osteoporosis and fracture through its beneficial effects on bone, muscle, and risk 
of falling [38].

The estimated risk necessary to establish the threshold of the pharmacological 
intervention is based on both the BMD and clinical fracture risk factors. Integrated 
assessment of multiple risk factors can be done through algorithms validated as the 
FRAX®.

The drugs commonly used for the treatment of osteoporosis and their related 
evidence are shown in Tables 27.1 and 27.2.

Table 27.1 Level of evidence for pharmacological treatment in postmenopausal osteoporosis

Drugs

Target of therapy

Hip fracture Vertebral Non-vertebral BMD
Alendronate 1 1 1 1
Ibandronate 1 1 1
Risedronate 1 1 1 1
Zoledronate 1 1 1 1
Teriparatide 1 1 1
Raloxifene 1 1
Bazedoxifene 1 1
Denosumab 1 1 1 1

Table 27.2 Level of evidence for pharmacological treatment in male osteoporosis

Drugs

Target of therapy

Hip fracture Vertebral Non-vertebral BMD
Alendronate 2 1
Risedronate 2 1
Zoledronate 2 1 2 1
Teriparatide 1 1
Denosumab 1 1
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27.2.2  Osteomalacia

27.2.2.1  Definition
Osteomalacia is a metabolic bone disorder characterized by the presence of a normal 
bone mass, with reduced mineral content for an inadequate mineralization of the 
organic matrix. Patients with osteomalacia may complain of bone pain and muscle 
weakness and present vertebral deformity and/or pseudofractures (Looser- Milkman 
striae) [39].

27.2.2.2  Epidemiology
Nowadays, osteomalacia is a fairly rare disease. According to the National Institutes 
of Health (NIH), its incidence is less than 1/1000 [39].

27.2.2.3  Pathophysiology
Osteomalacia is linked to a reduced availability or to an altered metabolism of vita-
min D or to alterations of the renal tubular reabsorption of phosphorus. The most 
common causes of osteomalacia are shown in Table 27.3 [40].

In the elderly osteomalacia due to vitamin D deficiency is very common [41]. 
Hypovitaminosis D is also very common in people with darker skin pigmentation 
[42], obese, and people who undergo gastrectomy or suffer from liver cirrhosis [43].

27.2.2.4  Treatment
For the treatment of osteomalacia, it is essential to identify and promptly treat the 
underlying cause to prevent the occurrence of fractures; furthermore it is neces-
sary to adopt simple corrective measures regarding nutrition and sun exposure. 
We should encourage patients to have a higher nutritional intake (oily fish, cod 
liver oil, egg yolk, mushrooms, cereals, and margarine enriched of vitamin D). 
Early pharmacological treatment is mandatory, consisting of 50–125 μg per day 
of calcifediol, or 5000–10,000 IU per day of cholecalciferol for 1–2 months, with 
a maintenance therapy of 20 μg per day of calcifediol, or 800 IU per day of 
cholecalciferol.

Table 27.3 Common causes of osteomalacia

Vitamin D deficiency • Inadequate oral intake
• Inadequate exposure to sunlight
• Intestinal malabsorption

Abnormal vitamin D metabolism • Liver disease
• Renal disease
• Medication

Hypophosphatemia • Low oral phosphate intake
• Excess renal phosphate loss

Inhibition of mineralization • Bisphosphonate
• Aluminum
• Fluoride

Hypophosphatasia Inherited autosomal disorder
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27.3  Physiatric Approach to Older Patients  
with Osteo- metabolic Disorders

27.3.1  Background

The global rehabilitative approach has a key role in all stages of these diseases, from 
prevention to functional recovery after a fragility fracture. The pivotal element of 
rehabilitation is the therapeutic exercise. Several studies and international guide-
lines suggested that this intervention is effective in increasing bone mass during 
skeletal growth, maintaining what has been achieved in adult life, reducing bone 
loss in the elderly and the risk of fractures.

In the elderly, exercise can enhance cortical thickness and strength in overloaded 
bone tissue. These effects might result from a diminished loss of endocortical bone 
and/or an increase in tissue density rather than an increase in bone size (due to peri-
osteal apposition), even if also in elderly a progressive widening of the outer diam-
eter occurs. These geometrical adaptations are able to increase the mechanical 
resistance to the compression load [44].

Two types of physical exercises are suitable for elderly: aerobic activities (walk-
ing, stair climbing, jogging, tennis, tai chi, gymnastics, dancing) and resistance 
exercises (where joints move against an external force given by weights, machines, 
or the own body weight).

The most common aerobic training in older people is walking that could be 
effective in maintaining BMD when combined with high-impact activities, such as 
jogging or stepping [45].

Therapeutic exercise could exert, through the improvement of the muscle perfor-
mance, an indirect effect on bone health. However, aging is characterized by a pro-
gressive decline in aerobic exercise capacity due to the reduction in cardiovascular 
efficiency and skeletal muscle function caused by a decrease of mitochondrial num-
ber and activity [46]. Aerobic training stimulates the synthesis of mitochondria in 
the skeletal muscle with a consequent reduction of the oxidative stress and the 
enhancement of muscular performance [47].

Several studies suggest that the muscle strengthening produces a significant 
increase in femoral neck BMD [48]. Furthermore, improvement in muscle strength 
and performance, due to resistance exercise, might reduce the risk of falls.

At a cellular level, strengthening exercises increase the transverse diameter of 
type I and type II muscle fibers and of the entire lean mass, with relative increase in 
muscle strength [49]. Fast-velocity resistance exercises (i.e., performing a concen-
tric phase as quickly as possible followed by an eccentric 2-second contraction 
phase) [50] have shown to cause a greater recruitment of motor units in type II 
muscle fibers counteracting atrophy in aging [51].

There is a general consensus that older people should perform moderate- intensity 
aerobic exercises for a minimum of 30 min 5 days a week or high-intensity aerobic 
activity for a minimum of 20 min 3 days per week [45]. Moderate-intensity aerobic 
exercise is intended, from an absolute scale, as the activity that takes place at an 
intensity of 3.0–5.9 times the intensity at rest or, from a relative scale based on 
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individual’s capacity (ranging from 0 to 10), an intensity of 5 or 6 times the intensity 
at rest. High-intensity aerobic exercise is the activity that takes place at an intensity 
of at least 6 times the intensity at rest on an absolute scale, an exercise intensity of 
7 or 8 times the intensity at rest based on individual’s capacity. Aerobic exercise 
should be performed for at least 10 consecutive minutes [52].

Bodyweight exercises or training with equipment is also useful, but should be 
performed slowly, with 1–3 series for each type of exercise, spacing 1–3 min of 
rest, for 2–3 days/week [52]. Strengthening exercises are safe, feasible, and effec-
tive to induce muscle hypertrophy and to increase strength and should be per-
formed as soon as possible in order to prevent the progression of skeletal fragility 
and sarcopenia. General principles of the prescription of therapeutic exercise in 
osteoporotic patients have been proposed by a specific task force of the NOF [53] 
(Table 27.4).

27.3.1.1  Rehabilitation of Elderly Osteoporotic Patients 
Without Fragility Fractures and Prevention of the Risk 
of Falling

The rehabilitative approach to an old osteoporotic patient at risk of a fragility 
fracture aims to counteract the progressive osteoporomalacia and to reduce the 
risk of falling. The adoption of safety measures at home, the correction of modi-
fiable intrinsic factors such as visual disturbances, pacemaker implantation in 
patients with sick sinus syndrome, and the gradual reduction in the consumption 
of psychotropic drugs are recommended according to a Cochrane review of 
2012 [54].

NICE guidelines (2013) [55] support a multidisciplinary assessment and a com-
prehensive intervention in order to improve both physical and psychological health. 
It has been shown that combined programs of balance training and muscle strength-
ening are effective in the prevention of falls in elderly residents in the community. 
On the other hand, there is no scientific evidence supporting brisk walking as a 
preventive measure that reduces the risk of falls.

Table 27.4 General principles of therapeutic exercise in patients with osteoporosis

Specificity Specific to the individual patient; specific to one or more physiological 
goals (bone strength, muscle strength, flexibility, cardiovascular fitness); 
specific to the anatomical site

Progression Gradual increases in duration, intensity, and frequency; applied loads must 
remain below bone and connective tissue injury threshold, but be high 
enough to provide a greater than current activity stimulus to the organ 
system (muscle, heart, or connective tissue)

Reversibility Positive effects of exercise will be slowly lost if the program is 
discontinued

Initial values Those with initially low capacity will have the greatest functional 
improvement

Diminished 
returns

There is a biological ceiling to exercised-induced improvements in 
function; approaching this limit means greater effort to achieve minimal 
gains
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Recently, a Cochrane review underlined that the hip protectors, when correctly 
worn, might decrease hip fracture risk and both morbidity and mortality in elderly, 
especially in institutionalized individuals [56].

27.3.1.2  Rehabilitation of Elderly Patients with Fragility Fractures
The most frequent sites of osteoporotic fractures are the spine, hip, proximal humerus, 
and distal radius, but actually also other fractures might recognize an osteoporotic 
pathogenesis [29]. In many cases a surgical approach followed by a rehabilitative 
treatment is necessary in order to improve the functional activity and social participa-
tion and thus the quality of life of the individual. The majority of distal radius frac-
tures is treated conservatively by closed reduction and cast/splint application for 4–6 
weeks, although currently many authors prefer an internal fixation. Rehabilitation 
programs generally begin after cast removal and consist of range-of-motion (ROM) 
exercises and resistance exercise associated with occupational therapy.

Clinical vertebral fractures are commonly treated with rest and/or spinal bracing. 
Indications to surgery vary according to age, general clinical condition, type of 
fracture and spinal stability, involvement of the spinal cord, bone quality, and time 
from the fracture. Surgical options are frequently vertebroplasty and kyphoplasty, 
rarely spinal stabilization with or without fusion [57].

Rehabilitative approach begins immediately after surgery in order to recover 
muscle strength and spinal mobility and to enhance balance, especially during pos-
tural changes and walking. However, the strengthening of back extensor muscles is 
a priority [53].

Fractures of the proximal humerus are usually treated conservatively in the 
elderly, unless there is an unstable or displaced four-part fracture that requires surgi-
cal approach, consisting of open reduction with internal fixation or, in some cases, 
arthroplasty [57]. Rehabilitation starts after cast removal or surgical treatment, aim-
ing to reduce pain and recover the ability in ADL.

Hip fracture is undoubtedly the most relevant complication of bone fragility in 
elderly. The main role of the physiatrist is to figure out an individual rehabilitation 
plan (IRP) that aims to reduce mortality and disability [58]. Hip fractures are currently 
treated surgically within 24–48 h from injury. Surgical intervention consists of hemi-
arthroplasty or total hip arthroplasty for intracapsular hip fractures, whereas osteosyn-
thesis (screw plate or intramedullary nail) is preferred for trochanteric fractures. 
Considering the patient clinical condition and presence of comorbidities, rehabilita-
tion begins immediately after surgery. Several factors should be taken into account in 
order to decide the timing of weight-bearing on the operated limb (Table 27.5).

Table 27.5 Factors affecting the time of total weight-bearing on the operated limb

Early Late
Method of fixation Cemented prosthesis Cementless prosthesis
Surgical approach Mini-invasive Traditional or trochanteric osteotomy
Bone grafting No Yes
Poor bone quality No Yes
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The rationale for partial weight-bearing is based on the assumption that an early 
excessive load on the operated limb may cause micro-movements at the bone- 
implant interface, compromising the initial implant stability that interferes with 
bone healing and predispose to aseptic loosening of the implant. On the other hand, 
early weight-bearing after total hip arthroplasty (THA) could have potential bene-
fits, in particular counteracting bone loss and allowing early recovery of functional 
activities. Patient education should be emphasized to prevent the dislocation of the 
prosthetic implant, through specific preventive rules. The IRP proposed by the phys-
iatrist should include several targets that have to be addressed by rehabilitation pro-
grams as showed in Table 27.6.

Home-based programs should begin 2–3 weeks after surgery and consist of spe-
cific exercises aiming to improve muscle performance and endurance, balance, and 
functional ability to perform ADLs independently. Precautions to take during ADL 
should continue for at least 12 weeks. The rehabilitation plan proposed in outpatient 
setting is shown in Table 27.7.

27.3.1.3  Rehabilitation of Elderly Patients with Osteomalacia
Osteomalacia is characterized by skeletal fragility and muscle weakness that can 
interfere with the ADLs performance. The rehabilitative approach should be tar-
geted to improve muscle strength and physical performance, through low-impact 
activities, such as gait training, avoiding high-intensity exercises that might 
cause microfractures or interfere with bone healing processes. In the advanced 
stages of osteomalacia, a significant reduction of the strength in proximal mus-
cles of the lower limbs has been shown, thus resulting in balance impairment and 
consequent increased risk of falling. In this condition, resistance exercises could 
significantly improve muscle strength and reduce the risk of falling. Furthermore, 
occupational therapy can provide coping strategies in order to better perform 
ADLs [59].

Table 27.6 IRP and rehabilitation programs

Objectives Rehabilitation programs
Preventing vascular complications (venous 
stasis, thrombosis, and pulmonary embolism)

Ankle pump exercises

Preventing pulmonary complications  
(atelectasis or postoperative pneumonia) 
especially for bedridden patients

Breathing exercises and bronchial hygiene 
therapy

Preventing hip dislocation of THA Patient/caregiver education to mobility 
strategies in order to reduce the risk of 
dislocation during ADLs

Achieving functional independence before 
discharge

Educate patient to postural changes, 
transfers, and walking aids use

Maintaining an optimal level of muscle 
strength and endurance for the upper limb and 
not operated limb

Aerobic exercises and resistance training

Contrasting muscle atrophy, recovery of muscle 
performance in the operated limb

Progressive resistance training
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28.1  Tendinopathies and Metabolic Disease in Elderly

Tendon is a specialized tissue composed by collagen arranged in linear fibrils that 
join muscle to the bone (Figs. 28.1 and 28.2). Intrinsic mechanical properties of 
tendon permit to adapt and respond to loading that provide the principal mechanical 
stimulus for tendon cells. Tenocytes are involved in the production of collagen, 
matrix proteoglycans and repair proteins and result essential to maintain tendon 
characteristics by the capacity of remodel extracellular matrix (ECM) [1].

Several studies show that 16% of the general population and about 20% of 
elderly hospitals and community populations are affected by tendon pain. The most 
frequent symptoms that lead to tendinopathies are pain and loss of function.

Histopathologically, tendinopathies are related to unsuccessful healing response, 
represented by altered tenocyte proliferation, disruption and impaired organization 
of collagen fibers, increase in non-collagenous matrix, and neovascularization. In 
the chronic stage of tendinopathy, inflammation is absent or minimal; these findings 
may indicate that inflammation could play a role in the beginning, but not in the 
progression of the disease process [2].

During aging intrinsic and extrinsic factors influence biological environment 
and the capability of tendon to adapt itself to mechanical stimuli. Therefore, ten-
dons show the typical macroscopic and microscopic aspects that are possible to 
observe in elderly in the major periarticular structure such as the shoulder, hip, 
knee, and foot [3].
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Particularly, aging is often related to estrogen deficiency in postmenopausal 
women, obesity and diabetes, dysthyroidism, hypercholesterolemia, hyperuricemia, 
and other rare congenital metabolism disorders often involved in tendon degenera-
tion. The presence of estrogen receptors in tenocytes has been demonstrated in 
human and animal trials, and these findings indicate that tenocytes are influenced by 
circulating estrogen level. In postmenopause, the reduction of blood estrogen is 
linked to the reduction in tensile strength; decrease in collagen synthesis, fiber 
diameter, and density; and increase degradation in tendon tissue. Hormone replace-
ment therapy (HRT) with exogenous estrogens may improve tendon structure by 
preserving collagen fiber diameter. Furthermore, estrogen positively influences 
morphology and biomechanical properties of tendon in postmenopausal women. On 
the other hand, estrogen stimulation in younger women seems to have negative 
effects on tendons. In fact, in a study performed in young women, oral contraceptive 
user group was found to have lower collagen synthesis rate, compared to control 
women at the same age [4].

As mentioned above, a pathological condition often related to aging is diabetes 
mellitus type 2. Tendon alterations in diabetes are due to an excess of advanced 
glycation end products (AGEs) that are able to form covalent cross-link within 
fibers of collagen that alters their structure and consequently the capacity to respond 
to mechanical stimuli.

Obesity, particularly frequent in older and sedentary people, expose weight- bearing 
tendons to overuse due to the higher loads related to increasing adiposity. Moreover 
adipose tissue is an endocrine and signaling organ that can release hormones and 
peptides able to modify directly tendon structure. Particularly, adipokines modulate 
cytokines, prostanoids, and metalloproteinase production that cause a persistent low 
grade of inflammation that intensifies the detrimental effect of overuse on tendon.

Fig. 28.1 Ultrasound 
image of Achilles tendon 
degeneration
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Dysregulation of thyroid hormones, another disease not rarely observed in 
elderly, contributes to the genesis of musculoskeletal pathologies. Hypothyroidism 
can be related to the onset of calcific tendinopathies due to the reduction of oxygen-
ation with consequent metaplasia that may cause calcium deposition, especially in 
rotator cuff tendons [5].

Extrinsic factors such as sport activities, physical loading, occupation, and envi-
ronmental conditions could affect anatomo-physiological and biological character-
istics of the tendon.

Correct mechanical loading is useful to tendons to stimulate their anabolic pro-
cesses and also to compensate the effects of aging. On the other hand, extreme 
mechanical loading, immobilization, and disuse are harmful to tendons by stimulat-
ing catabolic processes such as matrix degradation and by modifying collagen syn-
thesis, collagen organization, cellularity, vascularity, proteoglycan content, tear 
density, and mechanical properties.

Preclinical and clinical studies have shown that discontinuing activity negatively 
influences morphology and structure of the tendon, whether there are differences in 

Fig. 28.2 MRI of 
non-insertional Achilles 
tendinopathy and bone 
marrow edema of the 
calcaneum
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training or detraining protocols, in the study design, in the types of tendons, in sub-
jects, or in the experimental setting involved. Therefore, the authors suggested that 
after a period of sudden detraining (such as after an injury) physical activity should 
be restarted with caution and with appropriate rehabilitation programs [6].

In people affected by tendinopathies, eccentric exercise programs are widely 
used in the rehabilitation of Achilles tendon midportion and patellar tendon inju-
ries with a successful outcome. Particularly in elderly, it has been shown a gen-
eral preservation of eccentric strength compared to concentric strength. 
High-intensity resistance training, including eccentric exercises, revealed an 
increase muscle mass and strength in contractions comparing to traditional train-
ing protocol [7].

Therefore it’s feasible that a correct eccentric exercise protocol may be promis-
ing in the treatment and also in the prevention of tendon disorders in elderly.

28.2  Painful Shoulder in Elderly

Shoulder pain is the third most common musculoskeletal complaint in primary care 
physicians’ offices with high prevalence among the fourth to the sixth decade.

According to population surveys, shoulder pain affects 18–26% of adults; it is 
the most common regional pain syndromes. Symptoms can be persistent and dis-
abling in terms of an individual’s ability to carry out daily activities both at home 
and in the workplace. There are also substantial economic costs involved, with 
increased demands on health care, impaired work performance, substantial sickness 
absence, and early retirement or job loss [8].

Common shoulder conditions in elderly patients include rotator cuff tendinopa-
thy, rotator cuff tear, adhesive capsulitis (“frozen shoulder”), and glenohumeral 
arthritis.

Diagnosis is mainly clinical. Radiographs generally may be normal. Magnetic 
resonance and ultrasound are the most used diagnostic tools. Conservative treat-
ments include rest, ice, topical analgesics, a short course of nonsteroidal anti- 
inflammatory drugs (NSAIDs), subacromial corticosteroid injections, and 
intra-articular hyaluronic acid (HA) injections [9]. HA is a component of the syno-
vial fluid and is crucial for the lubrification and chondroprotection of joints. Several 
authors suggest that intra-articular injections of hyaluronic acid reduce inflamma-
tion and pain and improve joint function. Furthermore, HA stimulates type B syn-
oviocytes producing endogenous HA with a chondroprotective effects on the whole 
joint [10, 11].

One of the most frequent causes of shoulder pain in elderly patients is shoulder 
osteoarthritis, which is a gradual, progressive, mechanical, and biochemical break-
down of the articular cartilage and other joint tissues, including bone and joint cap-
sule. Several risk factors can lead to shoulder osteoarthritis, including aging, 
genetics, sex, weight, joint infection, history of shoulder dislocation, and previous 
injury. The loss of shoulder function can lead to depression, activity limitations, and 
job-performance problems.
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Typical presenting symptom is progressive, activity related pain that is deep in 
the joint and often localized around the deltoid region and posteriorly. As the dis-
ease progresses, night pain becomes more common. Patients complain reduction of 
the shoulder range of movement, with the loss of the extra rotation and abduction in 
both active and passive mobilization [12, 13].

Therefore, rehabilitative goals are the restoration of strength and flexibility of the 
shoulder musculature on the upper thoracic, neck, and scapular muscle groups, 
including also the rotator cuff, arm, forearm, wrist, and hand. Isometric contraction 
exercises with normal range of motion in shoulder joint have a leading role in reha-
bilitation because these exercises will not only produce more strength in the stabi-
lizers shoulder muscles groups but also help to minimize joint damage, reducing the 
inflammation and pain. The satisfactory outcome of flexibility exercises will be con-
firmed by the amplitude of mechanical bone blockade that is achieved by the size of 
glenohumeral deformity and osteophyte generation.

Osteoarthritis may lead to rotator cuff tendinopathy. However, rotator cuff tendi-
nopathy may result from several factors like an alteration of tendon’s structure 
related to overloading or underloading, hormonal and/or metabolic impairment, 
reduction of subacromial space, and instability of the humeral head. The entirety of 
rotator cuff is crucial in maintaining normal humeral head position in the glenoid 
during elevation, flexion, and abduction movements, producing compressive forces 
that stabilize the humerus against the glenoid, giving a dynamic stabilization of the 
glenohumeral joint. In chronic rotator cuff tendinopathy, due to pain and disuse, 
muscles of the rotator cuff may become weak and can fatigue earlier, leading to 
changes in shoulder kinematics. Weakness of the rotator cuff, especially infraspina-
tus, reduces this compressive force, promoting instability. This instability may lead 
the humeral head to an abnormal range of motion out of the glenoid center, causing 
impingement and tendinopathy.

Generally, pain occurs in the posterolateral and deltoid region, especially when 
the patient performs eccentric contractions, during sleeping on the affected side or 
performing overhead activities with the arm abducted more than 90°. Provocative 
passive movements, such as the Neer and Hawkins-Kennedy tests, increase the 
pain. Appropriate balance of the muscles surrounding the shoulder is fundamental 
for flexibility and strength. Therefore, a deficit in flexibility or strength in an agonis-
tic muscle must be compensated for by the antagonist ones, leading to dysfunction. 
Consequently, the restoration of the appropriate strength and flexibility in both ago-
nistic and antagonist muscles is very important in shoulder rehabilitation [14].

In the first phase, rehabilitation should be gentle and passive with prolonged 
stretchability to restore flexibility of the posterior capsule, muscle balance, and 
scapulothoracic and glenohumeral muscular control and stability. Patients should be 
well educated to prevent incorrect postures and movements to avoid the occurrence 
of any exacerbating activities. Pendulum exercises, wall walking, or towel exercises 
are very effective in improving range of motion and in facilitating optimal motor 
 pattern. Capsular stretching, pectoralis minor stretching as well as reducing upper 
trapezius activation are recommended to improve soft tissue tightness because it can 
cause anterior and superior humeral head migration, resulting in impingement. Very 
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important in this early stage is the restoration of shoulder kinematics using wall 
push-ups and biofeedback exercises because an altered motion may lead to glenohu-
meral joint instability.

The next phase of treatment is the muscle strengthening. This phase should be 
performed in a pain-free range of motion. Therefore, before beginning a strengthen-
ing program, it is important to identify tight or short muscles and if flexibility was 
restored. Strengthening should begin with the muscles that support the shoulder. We 
can use shoulder shrugs, rowing, and push-ups for strengthening both agonistic and 
antagonist muscles, because only a proper balance in strength of these two groups 
helps return range of motion and the normal kinematics between the scapula and the 
glenohumeral joint.

Specific strengthening exercises of the serratus anterior, typically including 
supine protractions and wall push-up exercises, should be used in the early stages of 
rehabilitation, while dynamic hugs and push-up varieties are commonly utilized in 
later stages of rehabilitation. Strength exercises for rotator cuff tendinopathy should 
be initiated with low-load activities and progressing as patient comfort permits [15, 
16]. An effective treatment strategy that leads to a tendon strengthening is also the 
eccentric training [17].

The last phase is the proprioceptive training. The most important result of this 
phase is the restoration of neuromuscular coordination of the muscles that provides 
a synergistic activation of muscles. The proprioceptive phase should begin with 
closed kinetic chain exercises.

Usually, shoulder pain in elderly people is associated also with an adhesive cap-
sulitis of the shoulder, which is a common condition characterized by spontaneous 
onset of pain, progressive restriction of movement of the shoulder, and disability 
that restricts activities of daily living, work, and leisure. The disease is characterized 
by three stages including the painful phase, the freezing or adhesive phase, and the 
healing phase. This condition is more frequent in women after the age of 50 years 
and involves the nondominant shoulder too. The primary etiology is still unknown, 
but it is associated with different secondary causes, like immobilization, diabetes, 
hypothyroidism, autoimmune diseases, and treatment of breast cancer.

Contraction and fibrosis of the capsule lead to pain and stiffness of the joint when 
the capsule is stretched during typical shoulder range of motion [18].

Generally, the treatment goals are focused to decrease pain and inflammation and 
increase shoulder range of motion. Rehabilitation protocol is based on stretching, 
strengthening, pendulum, pulley, and shoulder wheel and wall-climbing exercises, 
overhead stretches, and crossed adduction of the affected arm. It is mandatory to 
start rehabilitation exercises as soon as possible because it helps to reduce pain, to 
improve the pain-free range of motion, and to prevent further joint capsule contrac-
tion. The next step of the treatment is a graduated exercise program that leads to 
rotator cuff muscles and periscapular stabilizers strengthening. To maintain an ade-
quate range of motions and to prevent recurrence, every patient should continue the 
exercise program at home [19, 20].

Also an excessive thoracic kyphosis is considered a predisposing factor for shoul-
der pain, but, to date, the relationship between these two conditions is uncertainty. It 
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has been demonstrated that older adults with a large thoracic kyphosis had reduced 
arm elevation, but further researches are needed to investigate the nature of the link 
between shoulder pain and thoracic spine posture and to examine the specific value 
of thoracic postural rehabilitation in populations with painful shoulders.

28.3  Osteoarthritis

Osteoarthritis (OA) is a chronic disease that causes pain and substantial disability. It 
primarily affects the hip, knee, and hands (but also the shoulder and spine). This 
condition limits severely the daily activities and quality of life for many individuals 
in industrialized countries [21]. It affects at least 20 million Americans, a number 
that is expected to double over the next two decades [22]. Hip and knee osteoarthri-
tis (OA) are the main causes of the poor health of older people worldwide [23] and 
are considered to be the most serious musculoskeletal disorders [24, 25].

Therefore, the effective management of hip and knee OA is a priority of the 
World Health Organization.

Osteoarthritis is a disorder of the whole joint and affects the cartilage, synovial 
tissue, subchondral bone, ligaments, and muscles. The critical occurrence in OA is 
the damage of cartilage, caused mainly by the degradation of type II collagen [26]. 
This process, at the cellular level, is mediated by releasing and responding to inflam-
matory mediators. OA often requires decades to develop and has a range of associ-
ated risk factors that it is possible to divide in general and local ones. General risk 
factors enclose older age, female gender, obesity (particularly in knee and hip OA), 
genetics, and muscle weakness. Local risk factors include an altered distribution of 
loads on the articular surfaces (e.g., the varus-valgus knee, evolution of congenital 
hip dysplasia, impingement hip syndrome, etc.), previous joint injuries, and articu-
lar alterations produced by inflammatory or septic arthritis.

Clinically patients complain about joint pain related to activity, stiffness [27], 
and, in severe OA, joint deformity.

Idiopathic osteoarthritis recognizes a genetic predisposition and it is typical for 
elderly. However, OA can also affect young people secondary to trauma, malforma-
tions, metabolic and rheumatic diseases, repetitive works (using vibrating tools, 
repetitive operations under load, or no physiological positions), etc.

Diagnosis is based on clinical and instrumental evaluation. To date, the most 
commonly used classification of hip and knee OA is the Kellgren and Lawrence 
grade [28] (Figs. 28.3 and 28.4), although it has several criticisms and radiographic 
signs of osteoarthritis not always are closely associated with pain [29]. However, in 
addition to correct clinical staging, it is also important to assess the functional level 
and the quality of life of patients affected by osteoarthritis. The American College 
of Rheumatology recommends to administer several scales to better stage the 
pathology such as Harris Hip Score, Oxford Hip Score, WOMAC, Hip disability 
and Osteoarthritis Outcome Score (HOOS), and Knee injury and Osteoarthritis 
Outcome Score (KOOS).

The management of osteoarthritis is still heterogeneous [30].
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Fig. 28.3 Standard 
radiographic 
anteroposterior pelvis 
projection showing 
bilateral reduction of the 
hip joint space with 
subchondral sclerosis and 
initial deformities of the 
femoral head

Fig. 28.4 Standard 
radiographic lateral view 
of the left hip joint 
showing signs of 
osteoarthritis
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The treatment’s options for osteoarthritis include conservative and surgical 
 interventions. Conservative treatments aim to prevent progression and reduce symp-
toms such as joint pain and impairment of functions. Pharmacologic therapies and 
non- pharmacologic modalities are commonly used for the initial treatment of 
OA. Pharmacologic therapies include acetaminophen and topical and oral nonste-
roidal anti-inflammatory drugs (NSAIDs). Although NSAIDs are effective in reliev-
ing pain and improving function, they should only be used in short term because of 
side effects [31]. Topical and systemic corticosteroids, opioids, and intra-articular 
drug injection may be useful. The effects of intra-articular injections of corticoste-
roids, as regards decreasing joint pain, are less effective over time than the hyal-
uronic acid injections. To date, evidences about the effectiveness of intra-articular 
injections of PRP are increased.

Non-pharmacologic modalities can include weight loss, aerobic exercise, 
muscle- strengthening exercises, neuromuscular education, dietary supplements, 
walking aid, bracing, and physical modalities.

In older people affected by knee or hip OA, a first approach should be weight 
reduction associated to perform a regular aerobic activity and joint protection brace, 
aimed to decrease the load on the joints of the lower limbs. The main advice should 
be to avoid prolonged postures and activities that overload the joint. Walking aids 
such as a cane or walker can decrease load on affected joints, and a simple walking 
stick reduces hip loading by 20–30%.

Clinical guidelines recommend that people with hip and knee osteoarthritis wear 
appropriate footwear, although there is no evidence supporting their use. Heel raises 
can be used to achieve pelvic obliquity and improve joint congruence in the setting 
of a functional leg-length discrepancy. In patients with knee OA and mild/moderate 
varus or valgus instability, a knee brace can reduce pain and improve stability and 
the risk of falling [32].

Exercises are a very important tool of conservative management for OA and are 
universally recommended by clinical guidelines [33]. Exercises should be pre-
scribed in the early stages of OA or as preventive treatment. There is a growing 
evidence that the pathologic processes of OA may lead to a dysfunction of the joint 
surrounding muscles rather than within the cartilage. Moreover, preoperative neuro-
muscular exercises may constitute a viable adjunct therapy to hip or knee arthro-
plasty. In fact, several studies have shown that a preoperative neuromuscular 
exercise program leads to an earlier onset of postoperative recovery in self-reported 
ADL. In literature exercise programs have proven more effective in the knee OA 
than hip OA. There is no evidence that certain types of exercises have a better out-
come than others. Generally, muscle strengthening, aerobic reconditioning, joint 
mobility, muscular stretching, and coordination and proprioception exercises are 
prescribed. Recommendations for dosage and progression of exercise in older peo-
ple and people with chronic disease are aerobic moderate-intensity training for at 
least 30 min/day or up to 60 min and progressive strength training involving the 
major muscle groups for at least 2 days/week at a level of moderate to vigorous 
intensity. But people with chronic disease who do not reach the recommended level 
should perform exercises as their abilities and condition allow.
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Unfortunately, physicians do not recommend physiotherapy or a program of 
exercises to every patient. Moreover, patients, especially elderly, often may be 
uncompliant to the physical work, and it is related to the increased risk of inactivity 
and morbidity.

Aquatic exercises have been recommended as an option for people with hip 
osteoarthritis because in water the percentage of body weight supported by the 
lower limbs is lower. Although there is strong evidence on their effectiveness com-
pared to exercises performed on the ground, aquatic exercises are very useful for 
patients with obesity or neuro-musculoskeletal disorders.

The use of physical modalities such as ultrasound, electromagnetic fields, and 
low-level laser therapy in clinical practice is controversial and varies between coun-
tries. However, the American College of Rheumatology Clinical Guidelines recom-
mends to instruct patients in the use of thermal agents.

Surgery should be considered only in the case of unsatisfactory results obtained 
with conservative treatments.

We cannot close off this section without discussing hand OA because of it high 
prevalence in the population, more than knee/hip OA. Because of the important 
functional significance of the thumb, trapeziometacarpal (TM) OA is more signifi-
cant in fact of disability than osteoarthritis of other fingers.

Generally, TM OA is more frequent in women than men, but the prevalence 
strongly increases with aging in both genders.

Patients with TM OA reported persistent pain at the thumb base which limits 
their hand functions, reducing both thumb mobility and hand strength, affecting 
their daily activities (holding objects, preparing meals, writing), and causing a con-
siderable reduction in quality of life, particularly in older people. While the results 
of surgical procedures have been well studied, gaps remain in research about the 
effectiveness of conservative treatments. Management of TM OA includes joint 
protection, education, assistive devices, hand exercises, pharmacological therapy, 
corticosteroid/hyaluronic acid injections, orthoses, and physical modalities.

To date, several studies have shown that hyaluronic acid injections induce a 
decrease of pain and an improvement in function that are also preserved in the 
medium to long term. Therefore, hyaluronic acid may be a safety and valid thera-
peutic option, which should be considered when other conservative therapies (like 
NSAIDs) were ineffective or contraindicated, before surgery [10].

28.4  Total Joint Replacement

According to national and international guidelines and the 2014 Osteoarthritis 
Research Society International (OARSI) recommendations, rehabilitation is consid-
ered the core treatment of OA and is widely indicated in primary care settings. Joint 
replacement is recommended if conservative treatment failed in reducing pain and 
improving quality of life or in patients with end-stage OA. About 119 per 100 thou-
sand persons per year undergo total hip arthroplasty (THA) and a slightly lower 
number in total knee arthroplasty (TKA) worldwide.
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28.4.1  Rehabilitation After Total Knee Arthroplasty (TKA)

TKA is considered as one of the useful medical interventions in terms of pain relief, 
improvement in function, and consequently in quality of life for patients suffering 
from end-stage OA. These patients show a modified gait pattern due to pain, with 
reduced gait speed and step length and increased time in double limb stand.

Outcomes following TKA depend on surgical technique and implant longevity; 
preoperative levels of knee pain, strength, flexibility, and functional ability; and, of 
course, on the adequacy of rehabilitation following surgery [34].

In the last decade, several authors began to argue on preoperative physiotherapy 
and exercise programs (called “pre-rehabilitation”) for its capability to potentially 
improve early postoperative pain and function and consequently reduce recovery 
time and hospitalization in patients undergoing joint replacement. Pre-rehabilitation 
programs typically include warm-up, lower limb stretching and strengthening, aero-
bic training, and, in some protocol, step training. Proprioceptive and balance train-
ing or home exercises have also been proposed in some studies [35]. Villadsen et al. 
in their review underline the importance of a neuromuscular rehabilitation protocol 
as a viable treatment, combined to other preoperative exercise, to optimize and 
accelerate postoperative recovery until 3 months after TKA [36].

However, to date, the knowledge of the role of pre-rehabilitation remains debat-
able due to the limited number of studies in literature with small sample size, het-
erogeneous protocol, and conflicting results. Standard rehabilitation after TKA 
focused on decrease swelling, recovery of knee range of motion (KROM), enhance-
ment of muscle control and strength in the involved lower limb, and improvement 
of patients’ independence in daily life.

There are several rehabilitative approaches for recovery of strength and range of 
motion after TKA, with a focus on exercise therapy, balance training, aquatic ther-
apy, continuous passive motion, cold therapy and compression, neuromuscular elec-
trical stimulation, and transcutaneous electrical nerve stimulation.

Dedication and commitment to rehabilitation may help patients attain and exceed 
their preoperative activity levels [34]. It has been shown that early mobilization, 
achieved within 24 h after knee joint replacement surgery, can result in a reduced 
length of hospital stay and consequently limited onset of complications [37].

Rehabilitation after total joint replacement differs in where, how, and when it is 
delivered. After discharge from an acute care hospital, people who have had a pri-
mary total knee replacement may receive inpatient or outpatient physiotherapy. 
Inpatient physiotherapy is delivered in a rehabilitation hospital or specialized hospi-
tal unit. Outpatient physiotherapy is done either in an outpatient clinic (clinic-based) 
or at home (home-based). Rehabilitation protocol may be administered immediately 
after surgery (within the first 5 days) and in the early recovery period (within the 
first 3 months) after discharge [38].

Rehabilitation program often includes bed mobility and transfers with the least 
amount of assistance while maintaining appropriate weight-bearing (WB) precau-
tions, ambulation with the use of an assistive device for 8–30 m, and climbing the 
stairs to allow for independence with household activities while maintaining 
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appropriate WB. In the first days, the patient may regain at least 80° of passive and 
active range of motion of the knee to perform sit-to-stand transfers with minimal com-
pensatory activity. Next step, the patient may consider to improve knee active range of 
motion (AROM) from 0 to 110° of flexion and gain knee extension less than or equal 
to −10°. Patient may also independently perform straight leg raise (SLR) exercise and 
keep in mind recommendations/precautions that include the use of proper positioning 
of the lower extremity, range of motion, and strengthening exercises of the entire 
lower limb with emphasis on knee extensor and flexor muscle groups.

The use of a continuous passive motion (CPM) machine may be indicated accord-
ing to surgeon preference or in cases where postoperative knee range of motion 
(ROM) is severely restricted due to revision or reconstructive surgery, severe post-
operative pain, limb’s girth and/or edema, or impaired ability to participate in ROM 
exercises.

It is necessary to exclude any sign of deep vein thrombosis (DVT): increased 
swelling, flushing, and calf pain.

It is important to assess patients’ pain using the visual analogue scale and admin-
ister, if required, analgesic or anti-inflammatory drugs 30–60 min prior to treatment. 
Cryotherapy is recommended following physical therapy treatment to reduce pain, 
discomfort, and swelling in the knee joint.

Neuromuscular electrical stimulation (NMES) for quadriceps can be prescribed 
in case of important decreased of muscular tone and mass.

The last step of rehabilitation protocol includes gait training on flat surfaces and 
on stairs and proprioceptive training to improve spatial awareness of the lower limb 
and whole body in functional activities. Patients are encouraged to wean from 
crutches approximately at the end of the second week from surgery. The American 
College of Sports Medicine Guidelines suggest aerobic training, muscle strengthen-
ing exercises, and flexibility exercises to improve overall elderly’s health.

28.4.2  Rehabilitation After Total Hip Arthroplasty (THA)

Due to aging and the increase in life expectancy, the demand for joint replacement 
surgery to improve elderly’s quality of life is growing.

Clinical pathways tend to reduce the hospitalization in acute care after surgery. 
Therefore, the preoperative rehabilitation of patients has become a topic of great 
scientific interest [39].

Before surgery, an educational program and a physical preparation may represent 
a useful adjunct, with low risk of adverse effects, particularly in subject with depres-
sion, anxiety, or unrealistic expectations, who may respond well to preoperative edu-
cation that is stratified according to their physical, psychological, and social need [40].

Further, surgical approach (posterior, anterior lateral, or lateral incision) 
addresses the therapist in postoperative rehabilitation management.

For 3 months after THA (Fig. 28.5), patients should avoid hip flexion over 90°; 
avoid internal rotation of the lower extremity, not crossing the midline of the body; 
avoid sitting on low and soft surfaces; and use a raised toilet seat.
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Postoperative rehabilitation is essential after total joint replacement in order to 
ensure pain-free function of the joint and improve the patient’s quality of life [41].

The rehabilitative protocols will include passive and active flexion, extension, 
and abduction of the hip and strength training with focus on isometric and func-
tional hip flexor and quadriceps control, hamstrings, as well as hip abductors, 
adductors, and gluteal muscles. In addition, cardiopulmonary exercises that include 
deep breathing, coughing, and ankle pump are recommended. Closed chain exer-
cises can be started when the patient shows good pain control, muscle strength, and 
balance. Resistive exercises for the quadriceps and hamstrings are generally not 
used in the acute phase of rehabilitation but are commonly initiated within 2 months 
postoperatively.

Gait training on even surfaces, stair training, balance and coordination activities, 
and postural exercises are also recommended.

Neuromuscular exercise can be used as an adjuvant therapy in patients with 
osteoarthritis for both preoperative rehabilitation and to achieve an earlier onset in 
postoperative recovery [42].

Patients may also benefit from a home-based rehabilitation program supervised 
by a physiotherapist, if there were no pre- or postoperative reasons for prolonging 
the hospitalization [40].

Fig. 28.5 Standard 
radiographic 
anteroposterior view of the 
right hip joint after total 
hip replacement
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However, to date, it is not possible to build up a detailed evidence-based exercise 
protocol after THA due to the lack of evidence in literature.

28.5  Rehabilitation After Hip Fractures

Hip fracture refers to a fracture occurring in the area between the edge of the femo-
ral head and 5 cm below the lesser trochanter. They can be subdivided into intracap-
sular and extracapsular fractures (Fig. 28.6). Most of the hip fractures occur in older 
people with an average age of around 80 years, females predominate over males by 
about four to one. There are various risk factors: increasing age, osteoporosis, osteo-
malacia, metastatic disease, falls, and minor traumas (secondary to instability, lack 
of core strength, gait disturbance, sensory impairment) [43]. Clinically subjects 
with hip fractures complain about pain; leg flexion, adduction, and extra-rotation; 
and inability to load.

Fig. 28.6 Standard 
radiographic 
anteroposterior view of the 
right hip showing femoral 
neck hip fracture
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Diagnosis is made with imaging: hip X-rays, MRI, or CT. Intracapsular fractures 
include sub-capital and transcervical fractures, undisplaced or displaced (Garden’s 
classification). Extracapsular fractures include per-, inter- and subtrochanteric, best 
subdivided by their degree of comminution. Surgery is the best treatment and allows 
early mobilization of the patient. Undisplaced intracapsular fractures should be 
treated by internal fixation; in displaced intracapsular, one internal fixation and 
arthroplasty produce similar final outcomes, but the first one has a marginally lower 
mortality at the expense of an increased reoperation rate. Different types of arthro-
plasty exist for the hip: hemiarthroplasty and total hip replacement (THR). Results of 
hemiarthroplasty are initially better, but if the patient survives more than 3–5 years, 
then function deteriorates; total hip replacement may be better than hemiarthroplasty 
after 3 years but has higher incidence of early dislocation. Therefore many factors 
besides the type of fracture must be considered when deciding a surgical approach 
and type of implant: age, previous physical mobility, previous mental agility, and 
condition of the bone and joints. Primary arthroplasty is better than internal fixation 
for displaced intracapsular hip fractures. There is an increasing body of evidence to 
support THR over hemiarthroplasty in selected patients: patients with preexisting 
joint disease, medium/high activity levels, and a reasonable life expectancy (active 
patients aged less than 75–80 years) should have THR rather than hemiarthroplasty 
as primary treatment. THR, however, is unsuitable for patients with dementia due to 
their higher dislocation rate [44–46]. Complications from internal fixation depend on 
the quality of the reduction (20–36% after internal fixation, 6–18% after hemiarthro-
plasty). The common surgical approaches for hemiarthroplasty for intracapsular hip 
fractures are anterolateral or posterior. The operative treatment of extracapsular frac-
tures includes reduction and internal fixation (extramedullary sliding screw and plate 
or intramedullary gamma nail). Mortality following hip fractures is high: about 10% 
died within 1 month and one third within 12 months. Complication rates are higher 
in elderly patients and could be divided into early complications (neurovascular dam-
age, blood loss, compartment syndrome, infections) and later complications (fat 
embolism, deep vein thrombosis, pulmonary embolism, infections, shortening, angu-
lation, malalignment, avascular necrosis, delayed union and nonunion, higher reop-
eration rates in older and female patients). Rehabilitation’s aim is to improve 
dexterity, ability, strength, endurance, and ROM, return to a pre-fracture functional 
level, and empower the patient in activities of daily living (ADL). Purposes for a cor-
rect rehabilitative program are pain’s pharmacological control; venous thromboem-
bolism prevention with anticoagulant, vitamin D, and calcium supplementation in 
patients found to be deficient on laboratory evaluation; early mobilization and ROM 
(range of motion) and muscle strength recovery of all districts; training of hip exten-
sors, abductors, knee extensors, and plantar flexors with key role in ambulation and 
transfers; and proprioceptive exercises to recover the balance (tracking and stretch-
ing, Freeman tablets, stabilometric platform) [47–49]. Gait recovery asks chosen 
aids use, like crutches or other assistive device to reduce risk and fear of falls and 
speed up patient’s moving autonomy [50]. A variety of postoperative care programs 
following surgery for hip fractures have been employed: early stages include bed rest 
and restricted weight bearing. Rehabilitation begun as soon as possible after surgery, 
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often within a day with initial goals to help people retain the level of strength they 
had before the fracture and to prevent immobilization’s problems. As soon as possi-
ble, patients are encouraged to sit in a chair to reduce pressure sores and blood clots’ 
risk and facilitate the transition to standing. They are taught to do daily exercises to 
strengthen the trunk and arm. Deambulation exercises with therapist are started after 
4–8 days, when patient can bear full weight on the injured leg. Stair- climbing exer-
cises are started soon after walking is resumed. Exercise, training, and muscle stimu-
lation minimize impairments (reduced strength) and improve the physical 
performance of walking. The aim of a multidisciplinary care programs is to enhance 
activities of daily living and extend exercise program with a positive impact on phys-
ical function [51]. Patient are taught not to lift or push heavy objects or sit in a chair 
for long periods of time; not to stoop over 90°, reach, or jump when sitting; and not 
to cross their legs, and occupational therapists teach how to do daily activities safely 
while their hip is healing, using long-handled devices (reaches and long-handled 
shoe horns) in order not to bend [52–54].

In conclusion, rehabilitation after femoral fracture is important to lead the 
patient, throw various program stages, to his pre-fractural situation. Multidisciplinary 
care includes different figures that can help patients in their recovery. It’s mandatory 
to begin mobilization as soon as possible after surgery, to prevent complication and 
to speed up healing.

28.5.1  Lumbar Spinal Stenosis

Because of aging, diseases of the vertebral column are becoming very frequent. 
Degeneration processes of the intervertebral disks, vertebral bodies, and adjoining 
structures usually cause them. One common consequence of these processes is the 
narrowing of vertebral canal, spinal stenosis (SS).

SS may be caused by a wide variety of conditions, as spine arthritis, herniated 
disks, spinal tumors, Paget’s disease, and spinal injuries. The constriction of the 
spinal canal usually occurs in the cervical or lumbar tract. Lumbar spinal stenosis 
has [55] an estimated prevalence of 19% in the general population and up to 47% in 
people over age 60 [56]. It is the most common reason for spine surgery in patients 
over 65.3 [57]. Degenerative LSS anatomically can involve the central canal, lateral 
recess, or foramina. Anatomic narrowing of the spinal canal or foramen is a central 
component of LSS, but not sufficient to produce symptoms. In fact, studies in 
asymptomatic populations have found that up to 20% of subjects had imaging find-
ings of spinal stenosis [58]. Indeed, to cause symptoms, the spinal narrowing result-
ing from the degenerative changes must induce vascular involvement of the vessels 
supplying the cauda equina or increase pressure on the nerve root complex.

At today, the natural history of spinal stenosis remains largely unknown [59]. 
The most common symptom in LSS is neurogenic claudication, also known as 
pseudoclaudication. Neurogenic claudication refers to a set of symptoms involving 
the groin, buttock, anterior thigh, and posterior part of the leg and feet. Leg symp-
toms may include pain, fatigue, weakness, paraesthesia, and nocturnal leg cramps. 
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Symptoms can be unilateral or more commonly bilateral. Low back pain often 
accompanies the other symptoms. Moreover, neurogenic bladder dysfunctions can 
be reported.

Features of neurogenic claudication are:

 1. Pain is increased by lumbar extension and decreased by lumbar flexion.
 2. Symptoms are exacerbated by standing or walking and are relieved by sitting; 

instead nonspecific low back pain, which is commonly exacerbated by prolonged 
sitting.

 3. Lying on the side (permitting lumbar flexion) is more comfortable for patients.
 4. The distance that can be walked before symptoms occur is increased by forward 

bending of the spine.
 5. Patients tend to adopt a position with hip and knee lightly flexed.
 6. Walking uphill is better tolerated than downhill walking.
 7. In contrast to those with vascular claudication, sitting but not standing relieves 

symptoms.

There are still no widely accepted diagnostic or classification criteria for the 
diagnosis of LSS. Diagnosis of spinal stenosis is complex and usually begins with a 
medical history and physical examination. X-ray and MRI scans are used to deter-
mine the extent and location of SS. MRI has become the test of choice for diagnos-
ing spinal stenosis SS. CT is a useful noninvasive study in patients who have 
contraindications to MRI.

Electrodiagnostic studies may be helpful when there is concern about additional 
neurologic compromise, such as peripheral polyneuropathy.

A correct treatment must be based on pain and disability rather than on the sever-
ity of the stenosis.

Conservative therapies are appropriate for first-line management of symptomatic 
patients, and they include drugs, lifestyle modification, physiotherapy, and spinal 
injections.

Analgesics, NSAIDs, muscle relaxants, and opioids are frequently used in 
patients with LSS. There is little evidence that intranasal calcitonin, intramuscular 
calcitonin, methylcobalamin, or intravenous lipoprostaglandin E(1) provides long- 
term benefit [60].

Some works demonstrated that people with LSS are likely more sedentary and 
inactive than healthy subjects, with many implications for overall health and risk for 
inactivity diseases. So, an important target of intervention should increase physical 
activity in daily life and weight loss, which helps to prevent diseases of inactivity, 
but it is also effective for improving pain and function. Increasing time spent in 
light-intensity activity is appropriate as initial goal. Aerobic activity such as bicy-
cling or swimming should be recommended. The use of a lumbosacral corset can 
increase walking distance and decrease pain, even if there is no evidence that results 
are sustained once the brace is removed [60].

Stretching and strengthening exercises for the lumbar spine and hip region have 
been supported for patients with LSS, despite few randomized studies have 
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evaluated them. Traction, electrical stimulation, or TENS has poor evidences of 
efficacy in the treatment of lumbar spinal stenosis.

Epidural corticosteroids injections for LSS, radiologically guided or not, may 
result in short-term (2–3 weeks) symptoms relief, sometimes permanent.

Patients with LSS who do not improve after nonsurgical treatments are usually 
treated with surgery.

28.5.2  Facet Joint Syndrome

Face joint syndrome (FJS) is a syndrome in which back pain is due to the facet 
joints. Although its existence had long been questioned, facet syndrome is now an 
accepted clinical entity.

The reported prevalence rate varies widely in different studies depending on the 
diagnostic criteria used. Furthermore, several studies have estimated that 5–15% of 
chronic low back pain is caused by the intervertebral joints [61].

FJS is thought to be the result of repetitive stress and cumulative microtrauma in 
vertebral joints. This leads to inflammatory state, which can lead to the filling of the 
facet joint with fluid, stretching the joint capsule, and generating subsequent pain. 
Inflammatory changes around the facet joint can also irritate the spinal nerve by 
foraminal narrowing. However, the precise mechanism that produces pain remains 
unknown. Predisposing factors for FJS pain include spondylolisthesis, degenerative 
disc disease, and advanced age.

Facet syndrome is diagnosed by clinical characteristics and by excluding other 
causes of lower back pain. Other possible causes of back pain in the differential 
diagnosis include discogenic pain, sacroiliac joint pathology, ligamentous injury, 
and myofascial pain.

There are no physical examination findings pathognomonic for diagnosis. 
Affected persons usually feel dull pain in the cervical or lumbar spine that can radi-
ate into the buttocks and legs. Symptoms primarily manifest in the lumbar spine, 
due to the overlying body weight and the strong mobility. Pain is worsened by stress 
on the facet joints, as lateral flexion, prolonged standing, or walking.

X-rays are used to determine if there are abnormalities in the spine. CT scan 
shows more detail about facet joint surfaces. Diagnostic blocks of medial nerve 
branch with local anesthetic joint injections are gold standard to determinate if the 
facet joints are a source of pain [62].

Furthermore, facet joint injections are also commonly administered to alleviate 
back pain. Because each facet joint receives dual innervation from adjacent levels, 
several levels usually need to be treated. Injections are usually administered under 
fluoroscopy (FS), computed tomography (CT) scanning, or US guidance.

US guidance is a rapid, safe, and more easy to perform than the other two, which 
expose patient to ionizing radiation and can only be performed in specially equipped 
pain clinics. US-guided injections are a good treatment choice for facet syndrome 
of the low lumbar spine [63]. Thermocoagulation of dorsal rami branches is another 
technique used for the treatment of facet syndrome.
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29.1  Introduction

If rehabilitation program of patients with orthopedic pathology collaboration 
between physicians (orthopedic surgeon, physiatrist, physiotherapist, and rehabili-
tation nurse) is important, the multidisciplinary team is essential in patients with 
orthopedic oncology pathology. The rehabilitation process in oncologic patient 
should be placed inside the oncologic treatments (chemotherapy and radiotherapy) 
and the follow-up check visits. Moreover, despite the progresses in treatment of 
cancer patients, considering the psychological implications in these patients, in their 
relatives, and in healthcare professionals is fundamental.

29.2  Malignant Bone Tumors

Metastasis, myeloma, and chondrosarcoma are the most frequent malignant bone 
lesions in older patients (>50 years old) [1].

The skeleton is the third site for metastases after the lung and liver, and the first 
cause of bone metastasis is due to visceral carcinomas as breast, lung, prostate, and 
kidney, followed by cancer of the digestive system, bladder, thyroid, and uterus [1–6]. 
About 15–20% of all carcinomas clinically manifests bone metastasis, whose incidence 
is increased in the last decades due to rise of cancer patients in relation with early diag-
nosis and with improvement of the surgical and medical treatments resulting in higher 
survival of patients. The most frequent sites for skeletal metastasis are the spine, pelvis, 
proximal femur, and proximal humerus, even if any bone can be affected [1–7].

Myeloma is a hematologic malignant bone marrow tumor, originating from B-lymphoid 
cells and differentiating in plasma cells that produce specific monoclonal proteins [1]. 
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Myeloma can be multiple or solitary (plasmacytoma) and usually affects patients older 
than 60 years old. It involves especially the spine, skull, ribs, and the meta-epiphyses of 
appendicular long bones, particularly proximal femur and proximal humerus.

Chondrosarcoma is the most frequent primary malignant bone tumor in adult 
patients with a pick age of incidence between 40 and 70 years [1]. It is predominant 
in limb girdles and in the knee, involving usually diaphysis or metaphysis of the 
long bone as proximal femur, proximal humerus, distal femur, and proximal tibia.

Surgical and rehabilitation treatments are similar in patients with metastasis and 
myeloma, while patients with chondrosarcoma require different strategy due to 
more higher chances to heal.

Surgical treatment consists especially in resection of affected bone and reconstruc-
tion with modular prosthesis that allows repairing any bone defect [2–26]. Cemented 
stem is used in case of bone metastasis or myeloma or if the bone is osteoporotic [2–6], 
while press-fit stem is used in case of primary bone tumor [11, 24, 26]. Nowadays, 
custom-made 3D-printed prostheses are also available to reconstruct pelvic defect in 
order to ensure a more anatomic reconstruction [8]; modular total reverse shoulder 
prostheses could be used after proximal humerus resection (if to save the deltoid mus-
cle with its innervation is feasible) in order to obtain better functional results [13–20].

29.3 Rehabilitation After Resection and Reconstruction for 
Bone Tumor

The rehabilitation program aims to shorten recovery time in patients with metastasis 
and myeloma; while it should get stable long-term results in patients with chondro-
sarcoma, given that these patients have about 90% of chance to heal.

29.3.1  Rehabilitation Program After Proximal Humerus 
Resection and Reconstruction with Standard Modular 
Prosthesis [4, 13, 14, 19]

Standard modular shoulder prostheses are spacers that allow to preserve movements 
of the elbow, hand, and wrist; shoulder range of motion is limited at only few 
degrees of anteposition. The patient has to wear a Velpeau brace for 4 weeks in 
order to permit the remaining soft tissue healing avoiding dislocation of prosthesis. 
An immediate mobilization of the elbow, hand, and wrist is indicated.

29.3.2  Rehabilitation Program After Proximal Humerus 
Resection and Reconstruction with Modular Total Reverse 
Shoulder Prosthesis [13, 15–20]

The patient has to wear a shoulder brace at 30–45° of abduction for 4 weeks. Immediate 
progressive mobilization is indicated, and it consists in passive circumduction and pendu-
lum movements limited to 30° for 4 weeks, then full range of movement exercises, and 
later exercises against resistance. Shoulder immobilization for 4–6 weeks (encouraging to 
exercise with the elbow, hand, and wrist) is indicated in patients with deltoid reinsertion.
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29.3.3  Rehabilitation Program After Acetabular or Proximal 
Femur Resection and Reconstruction with Modular 
Prosthesis [2, 3, 5–8, 10, 12, 21]

The patient has to wear a pelvic-thigh brace locked in extension and slightly 
abducted for 4 weeks and then unlocked up to 90° for 4 more weeks in order to 
permit the remaining soft tissue healing avoiding dislocation of prosthesis. In distal 
femur reconstruction, deambulation with a walker or crutches is allowed after the 
second postoperative day: progressing up to full weight-bearing is permitted after 
1 week in cases of cemented stem and after 3 weeks in case of press-fit stem.

29.3.4  Rehabilitation Program After Distal Femur Resection 
and Reconstruction with Modular Prosthesis [11, 22–26]

Mobilization with a walker or crutches is allowed after the second postoperative 
day: progressing up to full weight-bearing is permitted after 1 week in cases of 
cemented stem and after 3 weeks in case of press-fit stem. Initiation of ROM is 
permitted the second postoperative day encouraging the patient to reach 90° of knee 
flexion before hospital discharge.

29.3.5  Rehabilitation Program After Proximal Tibia Resection 
and Reconstruction with Modular Prosthesis [11, 12, 22, 26]

In proximal tibia reconstructions, the extensor mechanism and wound coverage 
are usually performed with rotation of the gastrocnemius muscle flap eventually 
associated with augmentation with artificial ligament. Mobilization with a walker 
or crutches is allowed after the second postoperative day: progressing up to full 
weight- bearing is permitted after 1 week in cases of cemented stem and after 
3 weeks in case of press-fit stem. Patient has to wear a straight-leg brace for 
6 weeks before initiation of ROM, in order to permit the healing of extensor 
mechanism.

Key Points
• Multidisciplinary care team is fundamental in patients suffering from bone 

malignancies.
• Most common malignant bone lesions in older patients are metastasis, 

myeloma, and chondrosarcoma.
• The rehabilitation program aims to reduce recovery time in patients with 

metastasis and myeloma and to obtain long-term functional results in more 
stable patients with chondrosarcoma, after surgery.
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30Age-Related Macular Degeneration: 
Prevention of Blindness and Low-Vision 
Rehabilitation

Edoardo Midena, Elisabetta Pilotto, and Enrica Convento

30.1  Introduction

Age-related macular degeneration (AMD) is a common cause of vision impairment 
and blindness affecting approximately 9% of the global population. The World 
Health Organization (WHO) has recognized blindness as one of the handicaps that 
mostly affects individuals, families, and society. Visual impairment has a serious 
impact on older adults’ ability to perform daily activities, dramatically interfering 
with their ability to live independently [1]. The loss of that ability can greatly reduce 
a person’s sense of independence and well-being. Visual impairment has also been 
associated with reduced survival in a population-based survey. Foremost, the loss of 
vision has been and remains one of the most feared chronic disabilities.

In 1973, the WHO established that elimination of avoidable blindness was justi-
fied not only from a humanitarian point of view but also from a social and economic 
perspective. It has been estimated that the annual worldwide productivity cost of 
blindness was US 168 billion dollars based on 1993 data for prevalence rates, gross 
domestic products, and populations [2]. These costs will increase dramatically in 
the future as population aging is also increasing [3]. Decreased vision not only can 
lead to changes in occupation and missed time from work but also increased need 
for patient caregivers (e.g., family, friends, hired help).

Approximately 0.4% of the general population has late or advanced AMD with 
the prevalence of advanced AMD rising to 8% among those 75 years of age and 
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older [4]. While the prevalence of all types of AMD has somewhat declined over 
the past decade, due to enhanced medical prevention and treatment options, the 
number of people with all types of AMD is expected to increase due to the rapid 
and consistent growth of the aging population. Recent projections estimate that 
worldwide the number of individuals with AMD will reach 196 million in 2020 
and 288 million in 2040 [5].

In this chapter, we describe signs and symptoms of AMD, the functional 
visual impairment due to the development of a central dense scotoma, and the 
low-vision rehabilitation strategies to improve visual performance of patients 
affected by late AMD.

30.2  Age-Related Macular Degeneration

Symptoms of AMD are mainly due to a loss of central vision, which is required for 
activities such as reading, driving, and recognizing faces. Moreover, a common 
negative consequence of the vision impairment caused by AMD is increased func-
tional disability, which put AMD patients at increased risk for mental health prob-
lems such as high level of clinical depression and anxiety. Among older adults with 
visual impairment, those with AMD seem to be particularly at risk for depression 
compared to other eye diseases [6].

AMD is clinically divided into two different clinical forms: the dry form and the 
exudative form. Subretinal deposits (drusen) and areas of hyperpigmentation and/or 
hypopigmentation of the retinal pigment epithelium (RPE) are the earlier clinical 
manifestations of dry AMD, with consequent thinning of the retina. This structural 
retinal change leads to decreased visual function, not necessarily associated to 
visual acuity reduction. Retinal sensitivity impairment develops much earlier than 
visual acuity changes, and it happens in a short time [7].

The atrophic late-stage manifestation of dry AMD is represented by geographic 
atrophy (GA). GA, which is commonly bilateral, is characterized by the develop-
ment of areas of retina atrophy, which slowly progresses over time. Areas of GA 
are functionally characterized by a dense scotoma, whose extension corresponds 
to the atrophic area [8]. Therefore, the progression of GA is associated with pro-
gressive loss of visual function. However, atrophic areas initially spare the central 
part of the macula, the fovea, and patients are unaware of their functional condi-
tion. As long as the fovea remains unaffected, retinal fixation maintains central 
and stable. This means that even a small residual area of retinal sensitivity is use-
ful for fixation in patients with progressive atrophic lesions due to AMD, with 
consequently good visual acuity. When GA progresses, involving the central 
foveal area, fixation migrates. Therefore, an extrafoveal preferential fixation loca-
tion (known as preferred retinal locus (PRL)) develops, usually located at the 
edge of the area of atrophy, in a location closer to the foveal region, thus providing 
the best functional result [9].

The exudative (or neovascular or wet) form accounts for nearly 90% of all severe 
visual loss from AMD. Its main characteristic is the development of choroidal 
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neovascularization (CNV), which exudates and bleeds, and evolves toward a macu-
lar scar, with loss of the central vision. Visual impairment in eyes with CNV is 
associated with early progressive deterioration not only of visual acuity but also of 
retinal fixation and macular sensitivity. This functional deterioration manifests as 
decreased fixation stability, loss of central fixation, and impaired retinal sensitivity 
with the development of a dense scotoma. In eyes with progressive deterioration, 
the inability to maintain a PRL within the fovea progresses until complete absence 
of foveal visual perception is established and the PRL becomes totally eccentric. 
Eccentric fixation develops early in exudative AMD, a functional difference from 
GA, in which, as long as a 2° central area of the fovea is spared by the atrophy, the 
fixation area remains central and stable [10].

Current treatment for AMD consists of medical treatment (intraocular injec-
tions of anti-vascular endothelium growth factor (anti-VEGF) for neovascular 
or exudative AMD) and vitamin therapy (for the early form of AMD). However, 
for many patients, medical treatment is either not indicated (e.g., anti-VEGF 
treatment is not effective for dry AMD), or when it is, many patients may con-
tinue to experience psychological distress or reduction of their visual function. 
Low-vision rehabilitation aims to reduce vision-related disability by maximiz-
ing residual vision through training in the use of optical and assistive devices, 
orientation and mobility skills, and general compensatory strategies. Moreover, 
some studies have shown improvement in depression following low-vision 
treatment [6].

30.3  Low-Vision Rehabilitation

In 1986, the American Foundation for the Blind sponsored the first international 
conference in low-vision rehabilitation (LVR). For the first time, researchers in 
most of the disciplines involved in LVR shared their clinical, research, and practical 
experiences with visually impaired people. Modern LVR was defined as a multidis-
ciplinary professional service which provides methods and means for optimal use of 
residual visual function, training of residual vision-related skills, and reintegration 
in society. This definition was subsequently endorsed in 2007 from others associa-
tions and groups representing the visually impaired people [11].

The reduced visual acuity in patients with late-stage AMD leads to loss of read-
ing ability. Therefore, reading ability restoration is one of the main objectives in 
low-vision rehabilitation. Adaptive strategies to reduce the impact of disabilities 
due to vision loss develop naturally and quite early. One of such strategy in AMD 
patients is an attempt to reduce the impact of scotoma on central fields of vision, 
developing scotoma awareness and displacement abilities. To perform it, incoming 
images land on eccentric PRL, which possess superior visual capabilities and 
assume the functions of the lost macula area.

One of the basic tenets of modern LVR is the concept of PRL assuming “macu-
lar function” after central vision loss. However, in about 25% of cases, the PRL 
develops onto an “unfavorable” retinal area and hence is useless [12]. In addition 
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to traditional low-vision aids and reading rehabilitation training, a new method for 
PRL rehabilitation is the biofeedback training using an instrument, commonly 
known as microperimeter. The biofeedback techniques available with the micro-
perimeter MP-1 (Nidek Technologies, Padua, Italy) provide an effective method 
for PRL rehabilitation, by training fixation accuracy and stability, and refixation 
precision skills.

Microperimetry is the diagnostic technique which not only allows to exactly cor-
relate, in real time, the sensitivity threshold of any individual point of the retina with 
its clinical appearance, but it also documents the location and stability of fixation. 
Therefore, microperimetry allows investigating site and characteristics of the 
PRL. It was observed that in AMD eyes, PRL and highest retinal sensitivity loci, 
identified by mean of microperimetry, are two separate entities with no identical 
physical location. The aim of low-vision rehabilitation interventions should be relo-
cation of PRL to loci with highest retinal sensitivity, identified by means of micro-
perimetry, because reading speed improves if a new PRL is established in an area 
that is more favorable for reading (Fig. 30.1).

Moreover, microperimetry is useful to assess the site and characteristic of PRL 
before and after rehabilitation. Greater fixation stability with better PRL at the end 
of vision rehabilitation explains the improvement of visual efficiency.

Previous studies demonstrated that the use of the MP-1 microperimeter acous-
tic biofeedback techniques in patients with macular diseases makes it possible to 
improve their visual performance, such as distant and near visual acuity, reading 
speed, reading comprehension, stabilizing fixation behavior or relocating the 
PRL, or both. Moreover, MP1-microperimeter offers a different biofeedback 
strategy, which uses a structured light stimulus (flickering pattern) plus acoustic 

Fig. 30.1 Microperimetry fixation evaluation in the left eye of a patient with late form of exuda-
tive age-related macular, before (left) and after (right) biofeedback training using MP1. After reha-
bilitation, the macular area used to fixate becomes smaller. Therefore, being fixation more stable, 
visual performances improve
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biofeedback. Both methods seem to improve visual function. However, flickering 
pattern biofeedback training seems more useful in the rehabilitation of patients 
with low vision at the late stage of AMD, allowing to increase not only fixation 
stability and reading speed but retinal sensitivity and visual acuity, too [13].

 Conclusion

New therapeutic strategies for exudative AMD have reduced the incidence of 
visual acuity reduction, preventing or slowing the development of a macular sco-
toma. However, due to the aging population, AMD is still one of the major causes 
of legal blindness among older people. Therefore, low vision treatment has an 
important role in the rehabilitation of the patients with central scotoma due to 
late AMD. The modern low-vision treatment, assessing components of residual 
visual function, such as retinal sensitivity, and functional vision, such as PRL 
and fixation stability, aims to adequately train residual area of the retina to fixate 
to improve visual performance.
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31Rehabilitation in Diseases of the Sense 
Organs in Older Adults: Hearing 
and Balance
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and Alessandro Martini

31.1  Introduction

31.1.1  Hearing Impairment

More than 40% of the population beyond the age of 65 years suffers from hearing 
impairment. On the other hand, the prevalence of dementia exceeds 10% at this age, 
thus leading to correlational studies between hearing loss and cognitive decline. In 
fact, as widely reported in the literature, there is strong evidence that hearing loss in 
older adults is associated with both cognitive impairment and aging [1]. For exam-
ple, a severe hearing loss can increase the risk of developing dementia in the next 
years of approximately fivefolds. Consequently, the auditory rehabilitation of the 
elderly should not be limited to restore hearing function and should take into careful 
consideration the effects, causes, and consequences of the sensorial deprivation on 
central processes in terms of speech perception and quality of life.

To date, the most appropriate testing is represented by otoscopy, tonal and speech 
audiometries, dichotic test, and speech audiometry in noise (open or closed set) 
with or without adaptive study. Good outcomes of proper clinical practice have been 
accompanied by the continuously expanding clinical indications for digital hearing 
aids [2]. Moreover, even very old people can benefit from procedures that were 
previously recommended for younger patients, such as cochlear implantation [3].

It is thought that auditory rehabilitation can reduce the cognitive “load” (the 
neural activity needed to achieve a task, in particular understanding/recognizing the 
spoken word), social isolation, anxiety, and depression. Recent research suggests to 
us that the geriatric patient response is influenced by the spiral ganglion cells (num-
ber, efficiency, synapses, connections, and synchrony), by central plasticity 
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(positive versus negative or adaptive versus “maladaptive”), by central auditory pro-
cessing disorders, and by diseases of the nervous system, including neurodegenera-
tive conditions. The effects of the auditory training on short-term memory have 
been previously reported, and nonetheless it is surprising to notice that a significant 
improvement does not necessarily require a training period, or, in other words, hear-
ing aid users can experience a reduction in cognitive performances without hearing 
aids. In addition, working memory has a crucial role in understanding spoken words 
in noisy environments; consequently, short-term memory assessment could be a 
predictive factor for rehabilitative outcomes [1].

31.1.2  Auditory Rehabilitation with Hearing Aids

Historically, hearing aid ownership and regular use of hearing aids have been found 
to be low. In fact, it is estimated that only one out of five people who could benefit 
from a hearing aid actually wears one. The reasons given included trouble handling 
the aid and little opportunity to converse with others, difficulty inserting the ear-
mold, difficulty coping with signals in noise, lack of recognition of hearing loss, 
advanced age and poor health, and less than ideal matching of the aid to the loss of 
hearing [2, 5]. Digital hearing aids now offer a number of advantages over analogue 
hearing aids including improved sound quality, increased comfort, digital feedback 
reduction, digital noise reduction, digital speech enhancement, automatically 
switching listening programs for different listening environments, directional 
microphones, remote controls, smaller size and open fit design, and flexibility in 
manipulation of the frequency, compression, and gain. When feasible, a bilateral/
binaural rehabilitation through digital devices is desirable. Unfortunately, a pejora-
tive course after this practice is also possible, and in these patients, it should be 
avoided. Unfortunately, despite all these improvements in hearing aids, the under-
use among older adults is still of significant concern. Identifying factors that affect 
hearing aid usage are necessary for devising appropriate rehabilitation strategies to 
ensure greater use of hearing aids. In current practice, a strategy exclusively aimed 
to compensate for the peripheral loss is not enough, because of persisting sensations 
of “inability to understand words, even hearing them.” Very common is also the dif-
ficulty to understand speech in noise despite adequate amplification. Further 
research is needed to enable/ensure sufficient and efficient communication skills in 
all possible situations.

31.1.3  Auditory Rehabilitation with Cochlear Implant

Approximately 1% of the population above 65 years has a severe to profound loss, 
which cannot benefit from hearing aids. This percentage is estimated to rise to 16% 
in the over 80 years old age group, and it will probably grow by more than twofold 
in the next 40 years. Cochlear implantation (CI) is a safe and effective procedure 
even in the most elderly patients [3]. In fact, the risk of anesthetic and surgical 
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complications remains low provided that a thorough multidisciplinary evaluation is 
performed before the procedure. Moreover, the cost-effectiveness still remains 
acceptable, including patients over 70 years of age, because, even if healthcare 
costs are high, the savings in terms of indirect costs and quality of life (QoL) are 
important. Cochlear implantation dramatically improves auditory function and 
speech perception and has an outstanding impact on the social life, activities, and 
self- esteem of the old patient. Health-related quality of life questionnaires show a 
statistically significant benefit when the preoperative health status is compared 
with the postoperative health status. Moreover, several authors observed that when 
compared to younger adult patients, cochlear implant recipients older than 65 years 
showed similar benefit in most measures. Finally, among patients with pre-implant 
severe tinnitus, a partial or total tinnitus reduction was observed in approximately 
70% of cases.

31.1.4  Dizziness

Dizziness represents largely a problem in the elderly, being the most common rea-
son patients over the age of 75 years seek medical attention. The term dizziness is 
often misused, as patients include many sensations as vertigo, disequilibrium, and 
light-headedness. Different causes for such sensations are reported. Cardiovascular, 
neurological, or locomotor disease, deterioration in sensory organs, vestibular dys-
function, and adverse drug effects are the most common. For the vestibular system, 
aging is associated with degeneration of the main receptor structures, which in the 
elderly patient may overlap to neurodegenerative processes. The clinical relevance 
of the problem is high if one considers that persons who simultaneously had bal-
ance, vision, and hearing difficulty had an over eightfold higher risk for fear of fall-
ing compared to persons who did not have any of these three sensory difficulties [4].

31.1.5  Rehabilitation of Dizziness, Vertigo, and Unsteadiness

Patients with a prevalent dysfunction of the vestibular system can be treated effec-
tively with vestibular rehabilitation (VR), which includes both a “generic” type and 
more specific protocols. In generic VR, patients are provided with a series of tasks 
to perform that require them to use their eyes, while their head is moving and pos-
sibly when their body is also moving. On the other hand, specific protocols have 
been initially proposed by Cawthorne and Cooksey [6], followed by many others in 
subsequent decades [7, 8]. A frequently used protocol is reported in Table 31.1. It is 
important to begin with simpler exercises and progress to harder ones. Also, the 
exercises need to be moderately challenging, but safe enough, so patients do not fall 
while doing them.

VR has been shown to promote significant improvements in several aspects of 
balance, including vestibulo-visual interaction during head movements, static and 
dynamic postural stability in conditions of conflicting sensory information, and 
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diminished individual sensitivity to head movements [7]. Avocational activities can 
also be excellent for vestibular rehabilitation, provided that they involve using the 
eyes while the head and body are in motion. Of course, many avocational activities 
require this—dancing, yoga, tai chi, golf, and tennis are probably the most adequate 
for the elderly. Nevertheless, just walking around the block looking from side to 
side may be a useful activity. Older subjects should find one that is fun, safe, and 
somewhat stimulating. Most studies on VR are carried out with patients suffering 
from bilateral vestibular loss (BVL), although an increasing number of data is avail-
able regarding people with symptomatic unilateral vestibular loss (UVL). 
Unfortunately, the data on rehabilitation outcomes of these patients are still not 
conclusive. In a recent study on BVL, roughly 80% of patients do not improve inde-
pendently of age, gender, time course of manifestation, and severity: thus, the prog-
nosis seems less favorable than assumed previously [8]. These patients have a 
“visual dependence,” so they should avoid walking in the dark or without corrective 
lenses if they have refraction disorders, especially in open spaces. On the opposite, 
there is a moderate to strong evidence that VR is an effective management for UVL 
patients and in the studies with a follow-up assessment (3–12 months), positive 
effects were maintained.

Benign paroxysmal positional vertigo (BPPV) is the most frequent type of 
peripheral vertigo in the elderly and is still an under-recognized entity. Even on 
specific questioning, positional vertigo is often not reported by patients suffering 
from BPPV. Instead, they complain of dizziness, light-headedness, or unsteadiness. 
This might be due to unconscious limitation and avoidance of movements and posi-
tions that evoke vertigo. Thus, a diagnostic positioning test (Hallpike or Semont) 
should be carried in the elderly complaining of dizziness or vertigo, with the only 
exception of patients with spinal contraindication, as disc herniation or other severe 
pathologies of the vertebral column. Unfortunately, most studies on BPPV reveal a 
low success rate in the treatment of this entity and a higher frequency of recurrences 
in elderly patients compared to the general population [9]. In a recent Cochrane 
meta-analysis [10], it was concluded that although there is evidence that the Epley 
maneuver is an effective treatment for posterior canal BPPV (based on the results of 
controlled trials with relatively short follow-up), there is no good evidence that this 
treatment provides a long-term resolution of symptoms. In treated old patients, the 

Table 31.1 A protocol of exercises to be done daily for at least 60 min over split sessions

Focus on an object while moving the head side to side, up and down (20 times each)
In standing position, shrug shoulder and rotate
In sitting position, bend forward and place an object on the ground (20 times)
Focus on object moving from arm’s length to about 6 in. away from the face
Sitting to standing with eyes open, than eyes shut
Throw ball from hand to hand above eye level (20 times), than under the knee (10 times each knee)
Stand on one foot with eyes open (3 times for 10 s each foot), with eyes shut (3 times for 10 s 
each foot)
Change from sitting to standing and turn around in between (10 times)
Walk a straight line from heel to toe (5 times for 10 paces)
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estimated recurrence rate of BPPV is 30–50% [10, 11], and the natural resolution of 
untreated cases is around 20–30% [11]. The maneuver involves sequential move-
ment of the head into four positions, staying in each position for roughly 30 s, with 
the aim to remove debris or “ear rocks” out of the sensitive part of the ear (posterior 
canal) to a less sensitive location.

Cochlear implant (CI) may have a double opposite effect on dizziness and risk of 
falling. On one hand, CI may improve physical activities and auditory scene analy-
ses and reduce cognitive load, thus improving balance and reducing the risk of fall-
ing. On the other hand, damage of the vestibular system due to postoperative 
labyrinthitis and subsequent fibrosis has been observed in around 3–4% for the 
semicircular canals and 31% for the saccule. Thus, in a CI candidate undergoing 
implantation of an “only balancing ear,” the risk to the labyrinth should be consid-
ered and discussed with the patient: when all other factors are equal, the “worse 
balancing ear” should be implanted.

In conclusion, a multifactorial approach could be the best solution for a number 
of elderly people, who generally suffer from multiple deficiencies. Intervention 
needs to be tailored to each patient to obtain the maximum effect, designing differ-
ent exercises for individuals with different kinds of deficiency [6–9]. Avocational 
activities may also have a role in improving the patient’s equilibrium. Unfortunately, 
several studies have demonstrated that the results achieved can soon be lost if 
seniors revert to their previous sedentary lifestyle and limited activity. One way to 
avoid this is to continue the training at home whenever feasible, possibly prescrib-
ing more straightforward exercises to help patients maintain a minimal but continu-
ous practice routine [11].
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32.1  Epidemiology of Neurological Disorders in the Elderly

Neurological conditions are a common cause of severe disability in the elderly and 
constitute a heavy burden on healthcare and social services.

According to the World Health Organization (WHO), 15 million people suffer 
stroke worldwide each year. Of these, nearly 6 million die and another 5 million are 
permanently disabled. In Europe, stroke was responsible for around 470,000 deaths 
in 2015 (http://ghdx.healthdata.org/gbd-results-tool).

In many developed countries, the incidence of stroke is declining, even if the 
overall rate of stroke remains high because of the aging of population. In the 
developing world, however, the incidence of stroke is increasing. Stroke is the 
second leading cause of disability after dementia and globally the second leading 
cause of death above the age of 60  years (http://ghdx.healthdata.org/
gbd-results-tool).

Traumatic brain injury (TBI) is a major cause of long-term disability in industri-
alized and developing countries. An estimated 10 million people are affected 
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annually by TBI, and it will surpass many diseases as the major cause of death and 
disability by the year 2020 [1].

The burden of TBI is evident worldwide and is especially prominent in low- 
and middle-income countries, which face a higher proportion of risk factors for 
TBI and have health systems ill-equipped to address the consequent disability. 
Latin America and sub-Saharan Africa show the highest TBI-related incidence 
rate, varying from 150 to 170 per 100,000 compared to a global rate of 106 per 
100,000 [1]. The age-related distribution sees two peaks, one in the young, mainly 
related to road accidents, and a second, which is gaining impact in western coun-
tries, in the elderly generally related to accidental falls [2].

About 2.5 million people around the worldwide are affected by multiple scle-
rosis (MS). MS is typically diagnosed in the second or third decade of life. Due to 
better medical and nursing care, an increasing number of people with MS are 
entering or have reached senescence [3]. In addition, there is another group of 
elderly subjects with MS, which are those with late-onset MS. Recent estimates 
calculated the percentage of people with MS older than 65 years to be between 9% 
and 14% [3].

Peripheral neuropathies are another common cause of disability in older people. 
In 2009, the prevalence of peripheral neuropathy worldwide has been estimated to 
range from 2% to 8% of the population [4]. Small fiber neuropathy is the most com-
mon type of neuropathy in people over the age of 50  years [5]. Guillain–Barré 
syndrome, the most common form of acute inflammatory neuropathy, represents 
11% of causes of neuropathies in people aged 65 years [6].

Parkinson’s disease has a prevalence of around 0.3% of the general population 
and of 1% in people over 60 years of age [7] in industrialized countries, with a clear- 
cut age- and sex-related trend (i.e., higher prevalence in the older and in men) [8, 9]. 
Environmental exposure to toxics, such occupational ones (e.g., pesticides and 
heavy metals) [10], and genetic factors [11] have been recognized as potential etio-
logical factors. Disease progression can lead to subcortical dementia. Dysphagia, 
frequently occurring during later stages, increases risk of aspiration and pulmonary 
complications. Parkinson negatively affects quality of life with advancing of dis-
ease, with an increased risk of falls, reduced autonomy in activities of daily life 
(ADL), and lastly social avoidance.

In 2015, the WHO ranked neurological disorders fifth among all causes of years 
of life lost to disability (YLDs) in people over 70 years of age, after other non- 
communicable diseases, musculoskeletal disorders, diabetes/urogynecological/
hematological/endocrinological, and cardiovascular diseases.

From 1990 to 2015, there was an increase of YLDs related to neurological condi-
tions, with a higher prevalence of Alzheimer’s disease and multiple sclerosis in 
women, and of Parkinson’s disease, epilepsy, and motor neuron disease in men 
(Table. 32.1 for neurological conditions, Figs. 32.1 for cerebrovascular disease).
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Fig. 32.1 YLDs (years lived with disability) related to cerebrovascular disease in elderly people 
in the world and YLDs per 100,000 persons related to neurological condition based on age. Source: 
https://vizhub.healthdata.org/gbd-compare/ 

YLDs Percentage
of total
YLDs  

YLDs (100000
population) 

DALYs Percentage
of total
DALYs 

DALYs
(100000
population)

8,170,557.87 8.51 % 2,052.34 23,817,243.48 6.62% 5,982.59

Table 32.1 YLDs (years lived with disability) and DALYs (disability-adjusted life years) associ-
ated with neurological disorders (cerebrovascular disease not included) in people aged 70 years 
and over for both sexes in 2015. Source: https://vizhub.healthdata.org/gbd-compare/
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32.2  Brain Reserve and Neuroplasticity

Brain reserve is the brain’s resilience to pathological damage or changes. The 
greater the brain reserve, the less likely an individual will demonstrate disturbance 
associated with a central nervous system (CNS) lesion. The majority of studies 
focused on the concept of cognitive brain reserve, confirming that the level of edu-
cation and cognitive skills in general (i.e., bilingualism, multiple hobbies, etc.) 
retard the onset of dementia or cognitive impairment [12, 13]. An emerging concept 
is motor brain reserve, in which neurophysiological/neuroimaging or structural 
markers are searched to predict who will recover better from a motor perspective 
after a CNS insult.

Motor reserve has been linked to the strength or modularity of cerebral motor 
networks: the better cortical areas involved in motor behavior are interconnected 
and maintain communication after the insult, the better the motor recovery will be. 
These assessments, conducted either with high-density EEG or with functional res-
onance imaging (fMRI), are time-consuming and require highly skilled teams. An 
alternative surrogate has been suggested to be cortical thickness of motor areas, or 
the extent of the cortex covered by the hand knob: both parameters require a simple 
structural MRI and can be determined by ad hoc software [14].

The issue of brain reserve parallels that of neuroplasticity, in that a higher function-
ing brain is likely to have higher potential for neuroplasticity. Neuroplasticity is the 
potential of the brain to rearrange and rewire; it can be part of a physiological process, 
i.e., during growth, or a reaction to a damage to the CNS. It affects microscopic level, 
e.g., by modifying neurotransmitters release or modulating synaptic expression, meso-
scopic level with modifications of neuronal ensembles interactions, and macroscopic 
level when the cortex rearranges and modifies its structure.

We refer the reader to Chap. 2 (the ageing brain) for a more detailed discussion 
of neuroplasticity in the elderly.

32.3  Rehabilitation of Functional Impairments

According the World Health Organization (WHO), the aim of rehabilitation is to 
maximize function and minimize limitation of activity and restriction of participa-
tion resulting from an underlying impairment or disease, promoting an innovative 
paradigm in rehabilitation. WHO’s International Classification of Functioning, 
Disability, and Health (ICF) includes medical, biological, and social aspects of 
disability, and can be used as a framework to collate all elements and goals in 
rehabilitation.

Rehabilitation should boost residual functions, and not focus on lost capacities. 
It might not be possible to return to motor baseline performance, but personal and 
psychological resources and remaining functions shall be the basis for a sound 
rehabilitation.
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Rehabilitation typically entails a cyclical process [15], involving four steps as 
detailed in Table 32.2.

Healthcare professionals working in neurological rehabilitation need to explore 
the social, psychological, and cultural background of the person to be rehabilitated, 
to identify expectations and values, and agree upon goals with each individual dur-
ing the entire rehabilitation process. An increasing literature is highlighting the 
advantages provided by self-management programs [16], which include, among 
other interventions, involving people in decision making, emphasizing problem 
solving, promoting healthy lifestyle, and educating people on how to self-manage. 
Setting agreed-upon plans and following up on the extent to which goals are 
achieved have been reported the most effective intervention [17] in these programs, 
stressing the need for appropriate goal setting paradigms [18].

Given the complexity of impairments of elderly people with neurological dys-
functions, the need for multidisciplinary teams has been advocated. The integrated 
competences of neurologists, geriatricians, physical medicine doctors, physical and 
occupational therapists, neuropsychologists, speech and language therapists, and 
social workers are highly recommended.

32.3.1  Clinical Presentation and Functional Impairments 
in Stroke, Traumatic Brain Injury, and Multiple Sclerosis

32.3.1.1  Stroke
Stroke is the consequence of impaired oxygen supply to a brain region. It can be 
ischemic if the defective supply depends on either a vessel occlusion by an embolus 
or a thickening of the arterial wall or reduced perfusion, or hemorrhagic if a rup-
tured vessel impairs cerebral blood flow. In the latter case, the detrimental effects of 
hypoxia are coupled with the irritative effects of hemoglobin derivatives on brain 
tissue. Clinical presentation is heterogeneous, according to the lesioned brain area 
or to the disrupted cerebral network. Motor and language impairment are frequent 
signs following a middle cerebral artery occlusion, but symptoms range from sen-
sory and visual disturbances to full-blown neuropsychological deficits. Due to the 
phenomenon of diaschisis (Greek for disconnection), some deficits regress sponta-
neously during the first days post-stroke, as the neural connections between distant 
areas are restored or alternative ones created.

Table 32.2 Four steps in the rehabilitation process

1 Assessment To identify and quantify the person’s needs
2 Goal setting To define realistic and attainable goals for improvement
3 Intervention To assist in the achievement of goals
4 Reassessment To assess progress against agreed goals

Adapted form Langhorne et al. [15]
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Stroke treatment has advanced significantly over the recent years. The concept of 
ischemic penumbra, i.e., the tissue surrounding the ischemic core and still viable, 
which could be rescued if an adequate blood flow can be reinstated, has provided the 
conceptual basis for a paradigm shift in stroke therapy. Evidence of the benefits of 
thrombolysis and intra-arterial interventions, effectiveness of the multidisciplinary 
stroke unit [19], as well as the focus on rapid transfer of people with stroke to hospi-
tal has transformed the treatment. This change saves lives and improves outcome. 
However, only a small proportion of the stroke population will benefit from throm-
bolysis or mechanical clot retrieval. Stroke survivors will mostly still be in need of 
rehabilitation provided by the multidisciplinary team starting from the stroke unit up 
to the community level.

Many stroke survivors are left with significant residual disabilities, with 22% 
unable to walk again and between 24% and 53% requiring assistance with activities 
of daily living [20–22]. Functional outcome has been related to clinical signs [trunk 
control and lower-limb (LL) strength i] [23], integrity of corticospinal tracts [24, 
25], and neuronal reorganization and cortical connectivity [26–28].

32.3.1.2  Traumatic Brain Injury
Traumatic brain injury (TBI) refers to damage to the brain caused by an external 
physical force. The leading cause of brain injury in the elderly is falls [2]. Older age, 
comorbidity, and medications including blood thinners are all risk factors for 
increased severity. CT scans in the acute setting and after a few months from the 
event to exclude subdural hematomas are recommended as part of the diagnostic 
process. Injuries that require admission to a neuro-intensive care unit usually 
undergo the same functional assessment as stroke patients.

In a closed head injury, damage occurs because of a blow to the person’s head or 
having the head stop suddenly after moving at high speed. This causes the brain to 
move forward and back or from side to side, such that it colliding with bony struc-
tures that surrond it. This jarring movement bruises brain tissue, damages axons, and 
tears blood vessels. Edema often ensues, increasing intracranial pressure, which can 
cause further damage to the brain by preventing blood flow to the tissue. Therefore, 
after a closed head injury, damage can occur in specific brain areas (localized injury) 
or throughout the brain (diffuse axonal injury). Instrumental investigations assessing 
damage severity include neurophysiological recordings [electroencephalogram 
(EEG); somatosensory evoked potentials (SSEPs)], neuroimaging with diffusion ten-
sor imaging (DTI) and diffusion weighted imaging (DWI), and measurements of 
increased intracranial pressure.

The goal of the acute treatment is to prevent any further, or secondary, injury to 
the brain. Decreasing and controlling intracranial pressure is a major target of medi-
cal treatment in the early phase after trauma. According to the severity of TBI and the 
residual damage, the issues posed to the rehabilitation physician vary. More mild 
cases can present with little or no motor impairment, but present a variety of cognitive 
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impairments, for which cognitive and vocational, if the person is still in working age, 
rehabilitation are advised. More severe cases usually present with motor and sensory 
deficits and spasticity, the degree of which is often important and requires drastic 
medical therapies, and cognitive disturbances that can include persistent alterations of 
consciousness. A comprehensive approach to patient and family is required in these 
cases, offering an adequate psychological support to family members.

32.3.1.3  Multiple Sclerosis
Multiple sclerosis (MS) is an inflammatory disease of the central nervous system. 
Typically, MS is diagnosed between age 20 and 50. Its course varies widely, with a 
relatively benign relapsing–remitting form with a restitution ad integrum in between 
attacks, to aggressive primary progressive forms which cause severe disability early 
on in the course of the disease. Life expectancy is only slightly reduced due to MS 
(6–7  years reduction in a large French cohort) [29]. Older people with MS will 
undergo normal age-related changes in function as well as those associated with MS 
progression. Involvement of any site in CNS is possible; this implies a variety of 
sign and symptom, which range to motor and sensory impairments, cerebellar dys-
functions, sphynteric problems, dysphagia. Cognitive deficits develop later in the 
course of the disease. Functional impairments thus vary according to the neurologi-
cal signs and the severity of disease progression. There is a disability progression 
with disease duration, with the percentage of subjects in need of walking aids 
increasing from 15% to 76% after an average 45 years of disease, and a 63% of 
subjects independent in activities of daily living at disease onset compared with a 
mere 8% in older age [30]. Progression rates have been substantially lowered after 
the advent of disease-modifying therapies [31].

32.3.2  Rehabilitative Approaches to Impairments Due to Lesions 
of Central Nervous System

Neurological rehabilitation foundation rests on the concepts of restoration and 
compensation.

In the very early phases after an acute event, restoration is more likely to happen 
[32]. Restoration is based on the potential of brain tissue adjacent and/or distant 
from a lesion to undergo plastic changes that include axonal sprouting, rewiring of 
previously unconnected brain areas, and modulation of cerebral excitation/inhibi-
tion to promote behavior. These changes can be facilitated, in motor deficits, by 
repetitive task-specific training, with high numbers of repetitions providing the 
strongest stimulus for neuronal rearrangement. Excessive or non-correctly directed 
training can indeed have detrimental effects on plasticity, possibly facilitating the 
so-called maladaptive plasticity—i.e., changes in brain function that foster dysfunc-
tional interactions of cortical areas that translate in defective behavior.
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Conversely, compensation is based on the incorporation of residual competen-
cies into functional motor schemes, in order to provide the subject with the means 
of performing a task in alternative ways—may it be using a different motor strategy 
or a device.

32.3.2.1  Stroke
After discharge from the acute stroke unit, standardized pathways guide the reha-
bilitation process, stressing the need for multidisciplinary care, optimizing length of 
stay in intensive neurorehabilitation units, and providing a framework for early sup-
ported discharge. Early supported discharge is an approach that promotes discharge 
from hospital to community-based rehabilitation as soon as possible once appropri-
ate support is in place for both patient and carer.

Evidence is building up that it is quantity of rehabilitation to impact on outcome 
[33, 34], with task oriented training particularly effective [35]. One study was able 
to provide up to 300 h of therapy over 5 weeks [33] compared to the standard-of- 
care 75 h over the same period: the authors reported an increase of the Fugl-Meyer 
score between 8 and 11 points.

Short and frequent early rehabilitation sessions have been demonstrated to 
improve the odds of favorable motor outcome after 3 months from the event [36, 
37]. Involvement of family members in an early stage can partially replace resources 
and help for rehabilitation needs.

Interventions seek to restore motor control in gait and transfer, to improve upper 
limb activities, to assist in coping with activities of daily living (ADL), and to 
enhance participation. Advice and instructions are provided to the subject, family, 
and other members of the interdisciplinary stroke team regarding treatment and 
prevention of complications such as shoulder pain, venous thrombosis, and falls.

The optimal time window for physical activity after stroke, the intensity, type 
of activity, and duration for best brain repair processes are not yet fully eluci-
dated; indeed, we know that a neuro-restorative window closes after 3  months 
from the event [32] and that excessive physical strain in the very early phases of 
recovery can be counterproductive [38]. However, moderate forced exercise 
seems to reduce lesion volume and protect perilesional tissue against further oxi-
dative damage and inflammation at least for the short term (4  weeks) in post-
stroke patients [39].

Different treatment approaches have been tested to improve function.
A recent Cochrane review [40] reported moderate-quality evidence of a benefi-

cial effect  for upper limb functional recovery of constraint-induced movement 
therapy (CIMT), mental practice, mirror therapy, interventions for sensory impair-
ments, virtual reality, and a relatively high dose of repetitive task practice, suggest-
ing that these may be effective interventions. Moderate-quality evidence also 
suggested that unilateral arm training may be more effective than bilateral arm train-
ing. The same authors provide additional guidance on fields still to explore, such as 
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non-invasive brain stimulations, hands-on therapy, music therapy, pharmacological 
interventions; they also provide updated reviews on the efficacy of biofeedback, 
Bobath therapy, electrical stimulation, reach-to-grasp exercise, repetitive task train-
ing, strength training, and stretching and positioning.

For upper limb rehabilitation, constraint-induced movement therapy (CIMT), 
possibly associated with robotics and mental practice with motor imagery, was 
shown to be beneficial in improving arm function. CIMT consists in the forced 
non- use of the healthy arm, on which a mitten is worn, in order to force the use of 
the affected side. Subjects who benefit more from CIMT are those with active 
wrist and finger extension on the affected side. However, open questions remain 
on the applicability of CIMT, ranging from the number of hours needed per day, 
that in the majority of studies is very high, to its long-term effects, to the detri-
mental psychological consequences in severely impaired subjects that end up 
frustrated by the little functional use of the affected hand whilst having the healthy 
one blocked.

Mirror therapy builds on the concept of mirror neurons, i.e., neuronal ensem-
bles that fire when a person observes an individual of a similar species performing 
a motor task [41]. In clinical practice this has been translated in exercises per-
formed with the healthy limb using a box with inbuilt mirrors in which the affected 
arm is positioned: the final effect is that the subject observes his/her healthy limb 
moving in the mirror, as if observing the affected arm instead, thus promoting the 
functioning of mirror neurons and the rearrangement of sensory motor areas (SM). 
Motor imagery rests on the same neurophysiological principle: Rearrangement of 
SM by motor imagery is supported by neurophysiology and neuroimaging, which 
provides evidence of an overlapping activation of sensorimotor cortices with 
active, passive, or imagined movements [42–44]. Mentally rehearsing a move-
ment thus promotes the same mechanism as active movement, and is indeed a 
technique used also by professional musicians and sport players.

Interventions for sensory impairment vary widely—e.g., stimulation with differ-
ent surfaces, modulation of limb positioning in space, etc.,—and are all based on the 
recovery of the proprioceptive incoming information on which movement is tuned 
or the recovery of afferent inputs to central sensory areas.

Robotic devices are getting momentum in rehabilitation, given the chance to 
provide high-intensity, repetitive, task-specific, interactive treatment of the impaired 
limb (passive and/or active-assisted exercises). In addition, they allow monitoring 
subjects’ motor recovery, measuring changes in forces and movement kinematics. 
These robotic devices demonstrate improvement of motor function and, in few stud-
ies, also of strength of the upper limb, but generally not of performances in ADLs, 
raising the question of the generalizability of this training. For the moment being, 
no guidelines on UL robotic training exist; a recent revision [45] shows that robotic 
treatment cannot be considered a stand-alone approach, but needs to be integrated 
with conventional therapy. In addition, often elederly subjcets are less familiar with 
such devices and thus less likely to benefit of this training.
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Simultaneous bilateral training may be no more effective than other upper limb 
interventions to improve performance in activities of daily living (ADL) or motor func-
tional outcome of the upper limb, but the methodological quality of studies focusing on 
this topic may be questioned. Other authors reported better functional outcome after 
bilateral training based on the differential functional lateralization of upper limb [46].

Physiotherapy is effective in the recovery of lower-limb motor function, postural 
control, and walking ability especially in the early phase after stroke. The associa-
tion of electromechanical assisted training for walking has been shown to improve 
the odds of independent over-ground walking, although only people in the acute 
stage who are not ambulant seem to show improvement [47].

Interventions to facilitate sitting and standing balance include repetitive task- 
specific training and biofeedback with a moving platform. Task-specific training 
might improve sit-to-stand function and standing balance, while biofeedback with a 
force plate or a moving platform showed improvement in stand symmetry alone. 
Unequivocal indication on the best approach to facilitate the recovery of balance 
following stroke is still missing.

Cardiorespiratory physical fitness training is the only interventions with a robust 
evidence for a benefit on walking ability measured in terms of gait speed [48]; 
improvements have been obtained also with high-intensity physiotherapy, repetitive 
task training, and electromechanical gait training with exoskeleton robots or robotic 
end-effectors. Treadmill walking with body weight support also seems to achieve a 
better and earlier walking independence after stroke.

The use of virtual reality, a relatively recent approach that simulates the practice 
of functional tasks, is not yet commonplace in clinical rehabilitation settings, but 
seems to be effective if coupled with standard therapy [49].

Ankle-foot orthoses might also improve gait performance and reduce energy 
expenditure of gait in patients who have persistent foot drop.

The aforementioned interventions are generally possible if the subject has a pre-
served range of motion (ROM), whereas strength is not a prerequisite. The main 
cause for ROMs reduction is spasticity, a velocity dependent increase of muscle 
tone that can lead in the long term to rheological modifications and contractures of 
soft tissues. Pharmacological interventions include oral antispastic agents (baclofen, 
benzodiazepines, dantrolene, α2 receptor agonists) and injections of botulinum 
toxin in affected muscles in cases of focal spasticity, or nerve blocks. The use of 
splinting after treatment is usually recommended.

32.3.2.2  Traumatic Brain Injury
The rehabilitation of subjects with traumatic brain injury is normally distinguished 
into two phases, the acute and the post-acute phase.

Individuals with TBI are typically admitted to the intensive care unit for close 
observation and medical interventions.
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Some preventive rehabilitation procedures may be initiated in the intensive care 
unit such as body positioning and early mobilization to prevent secondary damage 
such as pneumonia, contractures, or pressure decubitus ulcers.

As early as possible, individuals with brain injuries will begin intensive 
rehabilitation.

The focus is on retraining activities of daily living, pain management, cognitive 
and behavioral therapies, pharmacological management of medical issues or of 
spasticity, with the option of administration of intrathecal baclofen via an implant-
able pump, assistive technology (e.g., prescription of wheelchairs and gait aids), 
environmental manipulation (e.g., installation of lifts, ramps and rails, and bath-
room adaptations), as well as family education and counselling.

Community rehabilitation follows discharge from an inpatient rehabilitation ser-
vice. Helping a person with TBI return to maximum independence and participation 
in the community is an extremely difficult task. Family support, education, and 
counselling are vital and likely to be needed for a prolonged period.

32.3.2.3  Multiple Sclerosis
Although rehabilitation has no direct influence on disease progression, it has been 
shown to ease the symptoms of MS by enhancing self-performance and indepen-
dence. Whatever premorbid status, an adapted early mobilization is important to 
avoid further loss of function. The setup of community services is of uttermost 
importance in this disease, given the long-term disability it entails.

Physical therapy for MS might includes a physical exercise program, motor and 
sensory balance training, gait training and training in the use of mobility aids (canes, 
crutches, wheelchairs), and other assistive devices. Aerobic training can help to 
enhance aerobic capacity and isometric strength, and possibly ease psychological 
disturbances (anxiety and depression) and fatigue. Respiratory training can be 
effective for improving respiratory functions and cough reflex. Physical therapy can 
also include pelvic floor training which may help address urinary/bladder symptoms 
(incontinence, urgency, and frequency).

Spasticity can initially be managed with changes in daily activities or physio-
therapy. If these approaches are unsuccessful, pharmacological treatments can be 
beneficial in the management of spasticity. Pharmacological management should 
always be accompanied by physiotherapy.

Training in swallowing with triggering of reflexes, training of the swallowing 
process, compensatory measures, and appropriate consistency of food and liq-
uids can help to improve the process of swallowing and reduce the risk of 
aspiration.

Occupational therapy provides training in energy conservation techniques and 
the use of adaptive tools and devices to simplify tasks at home and at work. Strategic 
modifications to the home and workplace are recommended to ensure 
accessibility.
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32.3.3  Clinical Presentation and Functional Impairments 
in Neuropathies

Neuropathy is a disorder of peripheral nerves, characterized by a damage to the 
myelin sheet or the axon, which causes altered conduction in sensory or motor 
nerves. Typical symptoms can be pain, paresthesia, dysesthesia, and/or hypostenia. 
More severe forms include vegetative symptoms and/or trophic changes. More 
than 100 forms have been described [50]. Frequent forms in the older are chronic 
demyleinating neuropathies, often associated with hematological alterations. 
Motor and sensory symptoms can both be present. Some forms are paraneoplastic 
(i.e., caused by a likely cross-reaction with tumor antigens) and are expected to 
progress in parallel with the underlying disease. Small fibers neuropathies are also 
common in older age and cause burning pain and unpleasant temperature 
sensation.

Among the most disabling neuropathies are the acute inflammatory forms, which 
are clinically and pathophysiologically heterogeneous group. Guillain–Barré syn-
drome (GBS) is an acute polyneuropathy consisting of different subtypes. In as 
many as two-thirds of GBS patients, the onset of weakness occurs 1–3 weeks fol-
lowing an upper respiratory illness, gastrointestinal infection, or vaccination. 
Incidence is 1.1 cases per 100,000 people per year in the northern hemisphere [51]. 
Therapy includes plasma exchange and intravenous immunoglobulin. The typical 
clinical picture is one of diffuse, progressive weakness, which can in the most severe 
cases involve also respiratory muscle. Sensory involvement is exceptional.

GBS and other inflammatory polyneuropathies are a group of disorders that 
is often associated with significant long-term disability. In addition to motor or 
respiratory deficits, affected people develop psychosocial problems resulting in 
complex disability, which may require treatment in a specialist rehabilitation 
service. However, in comparison to other long-term neurological conditions 
(such as brain injury, stroke, or multiple sclerosis) there are relatively few pub-
lished studies of rehabilitative treatments and outcome. Further research is 
needed to define treatments to prevent 20% of subjects from being left with 
persistent and significant disability. Guillain–Barré syndrome is thought to be 
amendable to multidisciplinary care, but the evidence base for its effectiveness 
is unclear [52].

32.3.3.1  Rehabilitative Approach to Hypostenia of Peripheral 
Origin

The prolonged immobility experienced by many patients with hypostnia puts 
them at significant risk for position-related nerve compression, skin ulceration, 
and contractures. Subjects that are intubated/sedated and those with significant 
sensory loss may not notice the symptoms that typically occur with these injuries. 
Careful body positioning, appropriate bracing, pressure point padding, and fre-
quent position changes are all warranted. People with incomplete eye closure 
from facial weakness are also at risk for exposure keratitis. Good corneal hygiene 
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with artificial tears, lubricants, careful lid-taping, or protective eye domes is 
essential [53].

Physical therapy should be initiated as soon as possible. In severely affected peo-
ple, passive range-of-motion exercises prevent contractures. As subjects improve, 
other modalities and functional exercise programs are recommended. Despite scarce 
evidence-based data, physical therapy for GBS as an inpatient and continuing upon 
discharge is associated with better outcomes and recommended for all but the mild-
est cases. Physical therapeutic modalities involve a progressive mobility program, 
encompassing maintenance of posture, alignment, and joint range of motion, provi-
sion of orthotics, endurance exercises, muscle strengthening, and gradual gait train-
ing using gait aids. Care should be paid not to overwork muscle groups; exercise 
programs should initially be non-fatiguing and targeting antigravity muscles; pro-
gressively, more aggressive strengthening exercise can be prescribed. Overworking 
muscles in people with peripheral nerve involvement can lead to paradoxical weak-
ening. Stretching program can prevent the onset of muscle contractures.

Muscle weakness, paralysis, balance impairment, and fatigue may result in 
need of assistive devices. The option for mobility devices varies from ankle-foot 
orthoses, canes, crutches, walkers, and wheelchairs. People with prolonged resid-
ual weakness of calf, and most commonly anterior compartment musculature, 
benefit from ankle-foot orthosis and shoes with good stabilization around the 
ankle joint.

32.3.3.2  Rehabilitative Approach to Hypoesthesia, Pain, 
and Proprioceptive Deficits of Peripheral Origin

Hypoesthesia rehabilitation after a peripheral nerve lesion is based on plastic reor-
ganization of the somatosensory cortex: training aims at eliciting function of the 
residual sensory nerve fibers, whichever type they may be, and associate the re-
learned sensation. Programs include touch exercise, in which the subject touches 
different objects/surfaces comparing them with the unaffected limb with a growing 
level of complexity, transcutaneous vibratory stimulation and global complex activ-
ities in which motor and sensory tasks are combined.

Pain is a common but often overlooked feature of neuropathies, occurring in 
more than half of the patients subjcets. It often precedes the development of weak-
ness due to the higher vulnerability of sensory nerve fibers and persists long after 
recovery [53]. Transcutaneous electrical nerve stimulation (TENS) may be effective 
in reducing pain, but there are diversities in published research regarding its effec-
tiveness and results are not conclusive. Pharmacological therapy can be an option.

Chronic demyelinating polyneuropathies have recently [54] shown to be sensi-
tive to proprioceptive perturbation despite sensory impairment, encouraging a reha-
bilitation aimed at promoting the recovery of proprioceptive information rather than 
the compensation by visual information.

Altered sensation and proprioception, coupled with muscle weakness, is often 
cause of distal deformities; prescription of insoles or adapted shoes plus ergonomic 
adjustments is recommended.
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32.3.4  Clinical Presentation and Functional Impairments 
in Parkinson’s Disease

32.3.4.1  Etiopathogenesis
Parkinson’s disease is a progressive neurodegenerative disorder caused by loss of 
neurons in the substantia nigra pars compacta and the locus coeruleus in the mid-
brain. The cell loss leads to striatal dopamine depletion and to a consequent dys-
function of the basal ganglia-thalamo-cortical pathways. The disease generally 
affects the elderly.

32.3.4.2  Clinical Picture
The main features of Parkinson’s disease are resting tremor, rigidity, bradykinesia, 
and postural disturbances.

Resting tremor may be an early sign in approximately 70% of subjects and usu-
ally starts unilaterally; it has a frequency of 3–7 Hz. Bradykinesia refers to slow-
ness of movement and typically starts distally, presenting as impaired manual 
dexterity and short-stepped shuffling gait. Gait freezing and festination occur when 
the disease progresses. Freezing of gait is reported in up to 50% of PD individuals 
and normally occurs when attempting to initiate gait or turning around, stepping 
through a doorway or approaching a terminal object; it is associated with higher 
disease severity and longer disease progression. Rigidity is an increase in resis-
tance to passive movement and develops in 90% of people with Parkinson’s dis-
ease. Postural instability is a common motor feature in PD and increases the risk of 
falls [55].

Other motor features of Parkinson’s disease include hypomimia, eyelid apraxia, 
hypophonia, micrographia, dysphagia. Non-motor symptoms include cognitive dys-
function, mood disorders, psychosis, sleep disturbance, olfactory dysfunction, pain, 
sensory disturbance, and autonomic dysfunction.

32.3.4.3  Management of PD
The treatment of Parkinson’s disease can be divided into pharmacological, non- 
pharmacological, and surgical. Available pharmacological treatments are symptom-
atic. Levodopa is the most effective drug for the treatment of the akinetic symptoms 
of Parkinson’s disease.

Non-pharmacological therapy includes education, support group services, nutri-
tion and physical, occupational, and speech therapy.

Surgical management such as deep brain stimulation (DBS), thalamotomy, and 
pallidotomy are reserved for people with advanced Parkinson’s disease with motor 
fluctuations despite of pharmacological therapy.

32.3.4.4  Exercises and Neuroplasticity
It has been shown that exercise is beneficial to physical functioning, health related 
QoL, strength, balance, and gait speed [56]. Current rehabilitation approaches often 
use compensatory strategies as the basis of therapeutic management. There is a 
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growing body of evidence on the benefits of exercise in terms of neuroplasticity and 
ability of the brain to self-repair. It has been demonstrated [57] that exercise  pro-
tects against the onset of symptoms in PD, stimulates dopamine synthesis in the 
surviving dopaminergic cells, and reduces symptoms. In particular, goal-based 
exercises and aerobic exercises increase synaptic strength (increasing neurotrans-
mission, receptor density, and dendritic spine formation) and increase trophic fac-
tors, blood flow, immune system, neurogenesis, and metabolism. Therefore, 
circuitry of basal ganglia, cortex, thalamus, cerebellum, and brainstem strengthen, 
improving motor and cognitive behavior, mood, and motivation.

It has been suggested [58] that there are five key principles of exercise that 
enhance neuroplasticity in PD: (1) intensive physical activity maximizes synap-
tic plasticity; (2) complex activities promote greater structural adaptation; (3) 
activities that are rewarding increase dopamine levels and therefore promote 
learning/relearning; (4) dopaminergic neurons are highly responsive to exercise 
and inactivity; and (5) if exercise is introduced at an early stage of the disease, 
progression can be slowed. The clinical effect depends not only on a correct 
goal-based exercise, but also on the motor and cognitive residual capacity of the 
subject (Fig. 32.2).

Improved brain health

Trophic factors

Blood flow

Increased synaptic strength

Neurotransmitters

Receptor density

Strengthened
circuitry

Improved behavior

motor (voluntary and 
automatic)

Physical exercise

Fig. 32.2 Exercise and neuroplasticity
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32.3.4.5  Rehabilitation of Postural, Gait, and Balance Disturbances 
in Parkinson’s Disease

Current PD guidelines recognize the potential role of some rehabilitation interven-
tions as a mean to improve subjects’ functionality and help them and their families to 
cope with disability and functional limitations due to PD [59, 60] (Table 32.3 and 
Table 32.4).

Table 32.3 Rehabilitative goals and therapeutic interventions in Parkinson’s disease

Stages of PD Goals Therapeutic interventions
Early stage • Prevention of inactivity

•  Promoting physical 
capacity

• Decreasing fear of falling

• Promoting active lifestyle
•  Education about preventing inactivity and 

increasing physical capacity
•  Active exercises (training group) to improve 

balance, strength, joint mobility, aerobic 
capacity

• Partner/caregiver participation
Intermediate 
stage

• Prevention of falls
•  Decrease limitation 

in transfer, posture, 
dexterity, balance, gait, 
dysphagia

•  Active exercises (also at home) and functional 
activity through:

   – General strategies
   –  Specific strategies: Cognitive movement 

strategies, external (visual, spatial, step 
length, auditory, rhythmical, step frequency) 
and internal cueing (attention)

• Multitasking
•  Botulinum toxin injections (camptocormia, Pisa 

syndrome)
Advanced 
stage

•  Maintenance of vital 
functions

•  Prevention of decubitus 
lesions

•  Prevention of contracture 
and ankylosis

• Postural adaptation for bed or wheelchair
• Active-assisted mobilization
•  Education for prevention of decubitus lesions 

and contracture/ankylosis

Postural
instability

Physical
capacityGait

Cueing
Gait reeducation
Treadmill training
Physical activity

Aerobic exercise Balance training
Treadmill training

Motor problems in PD

Balance training
Treadmill training
General recommendations

Treadmill training
Cueing
Physical activity

Falls and fear
of falling Freezing

Table 32.4 Motor issues in PD and rehabilitation techniques
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Gait disorders have a negative impact on quality of life (QoL). This related to 
immobility (causing loss of independence) and increased risk of falling. Most of the 
rehabilitation studies in Parkinson’s disease have focused on treatment of balance 
and gait disorders. Physiotherapy is the most commonly used procedure as an 
adjunct to drug therapy to treat PD movement disorders. At the moment, there is no 
uniformity of approaches for physiotherapy in PD. Rehabilitation for PD covers a 
number of different treatment techniques, largely centered on active exercises and 
re-education of mobility [61], aimed at maximizing functional ability and minimiz-
ing secondary complications within a context of education and support for the per-
son [56].

Different approaches can be identified: exercises aimed at improving senso-
rimotor integration; balance training; a combination of strengthening and balance 
exercises; balance training with stepping; treadmill training; training for reducing 
falls.

The balance training allows the subject to improve postural control and the abil-
ity to plan an appropriate postural strategy. An example of balance exercises is that 
in which the subject is required to maintain balance while standing on foam support 
bases of different consistency, on moveable platforms with different degrees of sta-
bility, or while the therapist is applying sternal or dorsal pulling. Other exercises 
emphasize coordination between leg and arm movement during walking as well as 
locomotor dexterity while stepping over an obstacle. These types of exercises 
require continuous feedback and feedforward postural adjustment.

Using several sensory cueing strategies may be a valuable approach in order to 
improve gait performance in people with PD. Visual cues can be helpful in alleviat-
ing freezing episodes. For example, carrying an inverted walking stick, so that the 
handle acts as a horizontal cue at foot level, was able to decrease the number of 
freezing episodes in participants.

32.4  Non-Invasive Brain Stimulation in Neurorehabilitation

32.4.1  Introduction

The goal of neurorehabilitation is to minimize functional disability and maximize 
patients’ function, ideally by using surviving nervous tissue. Adjunct interventions 
that can optimize the response of the nervous system to the rehabilitative training 
might be useful to enhance recovery.

Non-invasive brain stimulation (NIBS), such as transcranial magnetic stimula-
tion (TMS) and transcranial direct current stimulation (tDCS), appears to be a 
promising therapeutic option as an add-on intervention to conventional rehabilita-
tive strategies. The use of NIBS therapy led to the neologism of “electroceuticals,” 
which stresses the use of currents as a treatment.

They target brain areas to facilitate or inhibit cortical activity to guide neural 
plasticity during recovery. TMS can also measure neuronal output and interactions 
between different neuronal assemblies to evaluate progress during rehabilitation.
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32.4.2  Types of NIBS

TMS applies a magnetic field to induce an electrical current in the underlying corti-
cal tissue; the magnetic field is generated by a stimulating coil positioned on the 
scalp that overlies the targeted cortical area.

tDCS is a technique that elicits constant weak electric currents applied directly 
to the scalp via two surface electrodes (anode and cathode); it does not cause depo-
larization as TMS does, but modifies electrical properties of the extracellular 
medium.

Compared to invasive stimulation, NIBS techniques have several advantages 
that render it attractive for clinical use, such as having relatively scarce adverse 
effects, being safe, and with relatively few contraindications. Moreover, given that 
tDCS is easy to use, relatively inexpensive, portable, and suitable for at-home-
use, it has the potential to become an adjunct to current neurorehabilitation 
strategies.

32.4.3  Basic Mechanisms of Action of NIBS

Neuroplastic changes of brain connectivity are the basis of various cognitive, 
motor, and behavioral processes. During the last years it became increasingly 
clear that pathological alterations of connections between neurons are involved in 
many alterations of brain function and after a brain lesion. Therefore, modifica-
tion of such pathological plasticity or enhancing beneficial plasticity manipulat-
ing cortical excitability may be an interesting new therapeutic approach to enhance 
recovery.

TMS can be applied with different paradigms. To modulate plasticity, repetitive 
transcranial magnetic stimulation (rTMS) is mainly used, based on its potential to 
induce long-lasting changes via synaptic associative plasticity. Stimulation frequen-
cies of ≤1 Hz inhibit cortical excitability, while frequencies ≥5 Hz are facilitatory.

tDCS induces plasticity via a sub-threshold polarity-dependent stimulation that 
modifies neuronal resting membrane potentials and spontaneous discharge rates 
(without direct neuronal depolarization); this results in enhanced/reduced cortical 
excitability, with the neuronal firing rates increased by anodal and decreased by 
cathodal stimulation (Fig. 32.3).

Anodal tDCS

High-frequency rTMS

Decrease cortical excitability

Cathodal tDCS

Low-frequency rTMS

Increase cortical excitability

Fig. 32.3 Effects of NIBS 
on cortical excitability
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32.5  Potential Therapeutic Application of NIBS 
in Neurorehabilitation

A large body of studies has emphasized the potential of non-invasive brain stimula-
tion to complement rehabilitation effects enhancing neuroplasticity in the elderly 
and in subjects with neurological diseases. First studies looked at post-stroke motor 
rehabilitation, but were soon followed by studies on people with neurodegenerative 
disease, movement disorders, epilepsy, post-stroke language, attentional, or execu-
tive deficits.

rTMS and tDCS have demonstrated facilitation of cognitive and motor pro-
cessing. Promising results have been reported in post-stroke motor rehabilita-
tion. On the basis of the inter-hemispheric imbalance hypothesis, NIBS is used 
to restore equilibrium between two homologous brain areas, modulating excit-
ability of the affected perilesional cortex and the intact contralesional hemi-
sphere [62].

It has been suggested that upregulation of the lesioned hemisphere and/or 
downregulation of the non-lesioned hemisphere with tDCS enhances the out-
comes of rehabilitation in stroke individuals [63]. Repeated sessions and long-
term stimulation with tDCS over several days or weeks in conjunction with 
physical/occupational rehabilitation might have additive and enhanced recovery 
effects [64]. These effects may last for days or weeks beyond the end of the stimu-
lation period and have been attributed to a persistent modification of post-synaptic 
connections, similar to long-term potentiation (LTP) and long-term depression 
(LTD).

High frequency rTMS administered to the affected hemisphere and low- 
frequency rTMS to suppress the controlesional overactivity were also shown to 
promote motor recovery in stroke patients [65]. A recent review has found that 
rTMS could decrease spasticity measured by Modified Ashworth Scale in multi-
ple sclerosis, spinal cord injury, and stroke, while TDCS can modulate spasticity 
with a variable effect depending on severity and/or undelying neurological disor-
der [66, 67].

tDCS as adjunct to physical therapy could be an optional approach to enhance 
the neurophysiological mechanisms that compensate impairments in Parkinson’s 
disease. Recent studies confirmed that tDCS applied to the motor cortex had signifi-
cant results on motor function in subjects with Parkinson’s disease [38]. A possible 
beneficial effect of tDCS stimulation specific for PD could be the induction of dopa-
mine release in the caudate nucleus via the glutamatergic corticostriatal pathways 
[68]. TDCS may also have a neuroprotective role in PD by reducing the oxidative 
damage of dopaminergic neurons [68]. As in motor learning, tDCS appears to influ-
ence cognitive networks in PD by altering cortical excitability in key cognitive 
regions which are implicated in executive function impairment such as the dorsolat-
eral prefrontal cortex [38].
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A major drawback of tDCS is the lack of a significant effect once results are 
pooled together in meta-analysis (for a review see [69] on cognitive outcomes), or 
the variability in stimulation paradigms which hampers the definition of effective 
intervention.

These findings suggest nonetheless that transcranial magnetic stimulation and 
transcranial direct current stimulation could be develop into useful adjuvant strate-
gies in neurorehabilitation. TDCS has a high potential to be routinely administered 
in parallel to intensive cognitive or motor training in neurological diseases. However, 
NIBS has to be further assessed in large multicenter randomized-controlled trials to 
examine not only function, but also activities and participation, and define adequate 
protocols. Issues related to its application in the elderly, such as best targets and 
parameters, shall be more throughly studied: they can often differ from those udes 
in younger populations, and thus impact on outcomes [70]

32.6  Aerobic Exercise and Neuroprotection

32.6.1  Introduction

Acute and chronic neurodegenerative diseases are characterized by progressive loss 
of structure or dysfunction of neurons. The processes of neurodegeneration have 
several etiological factors, either genetically determined or externally driven (such 
as excitotoxicity, ischemia, and oxidative stress).

Neurons are metabolically active cells, which depend on mitochondrial ATP pro-
duction to satisfy their energetic needs. In contrast with other cell types, neurons are 
susceptible to impairment of ATP production and consequently at risk for cellular 
dysfunction when this production is compromised. It becomes clear that mitochon-
drial failure (with contribution of neurotoxicity) is critical in induction of neuronal 
death or dysfunction in ischemia/reperfusion injury as well as in chronic forms of 
neurodegeneration (i.e., Alzheimer’s disease, Parkinson’s disease, amyotrophic lat-
eral sclerosis).

32.6.2  Mechanisms of Neuronal Injury: Excitotoxicity 
and Mitochondrial Dysfunction

Neuronal degeneration may be mediated by concomitant causal mechanisms. 
Excitotoxicity plays an important role and is initiated and mediated by an overload 
of glutamate, which results in increased intracellular calcium levels and mitochon-
drial dysfunction. Mitochondria deficits are responsible in turn of a failure in 
energy supply and production of high concentrations of oxidants, which all con-
tribute to necrosis and apoptosis. A consequence of ATP deficiency is a dysfunc-
tion of energy-dependent membrane ion pumps. This allows a massive influx of 
Ca2+ into the cell, leading to cytotoxic edema. The energy depletion causes a fail-
ure of the energy-dependent presynaptic reuptake of glutamate increasing the 
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accumulation of this neurotransmitter in the extracellular space and thereby exci-
totoxic neuronal damage. Hyperactivation of N-methyl-D-aspartate (NMDA), 
alpha-amino-3-hydroxy-5-methyl-isoxazole-4-propionic acid (AMPA) and 
metabotropic glutamate receptors increases further intracellular Ca2+ concentra-
tions which trigger the activation of degradative enzymes (e.g. proteases and phos-
pholipases) that degrade cytoskeletal proteins and extracellular matrix proteins or 
hydrolyse membrane phospholipid. Excessive glutamate also increases nitric 
oxide, which forms oxidant compounds responsible for increased mitochondrial 
membrane permeability and eventually failure. An additional mechanism of neuro-
nal cell death is endoplasmic reticulum failure triggered by oxidative compounds 
and accumulation of misfolded proteins. Lastly, brain insults activate the release of 
cellular mediators including pro-inflammatory cytokines (tumor necrosis factor, 
interleukin-1 and interleukin-6), prostaglandins and complement with induction of 
chemokines and adhesion molecules and mobilization of immune cells, causing a 
progression of tissue damage.

32.6.3  Neuroprotection Options in Rehabilitation

Neuroprotection aims at preventing or slowing disease progression by halting or at 
least slowing loss of neurons. Neuroprotective treatments usually target oxidative 
stress and excitotoxicity, with the ultimate goal of preserving neuronal membrane 
function and energy production.

There is emerging evidence suggesting that aerobic exercise is neuroprotective, 
preventing age-related brain atrophy and enhancing performance in healthy popula-
tions [71, 72] and in populations with neurodegenerative diseases [73]. Moderate 
forced exercise reduces lesion volume and protects perilesional tissue against oxida-
tive damage and inflammation at least for the short term (4 weeks) in post-stroke  
survivors [39]. Indeed, optimal parameters (day post-stroke, intensity, mode, and 
duration) to influence brain repair processes are not yet defined.

A growing field in neuroprotection is pharmacological intervention, which aims at 
modulating excitotoxicity and cortical excitability in the early phases after an acute 
CNS insult. In stroke, fluoxetine [74] administered early after the event facilitates 
motor outcome at 3 months. Citicoline, essential for the biosynthesis of membrane 
phospholipids, has also provided benefits in humans in reduction of stroke conse-
quences, in particular in less severe and older subjects [75]. Other compounds have 
been trialled with positive results in animal models on the basis of interactions with the 
neurotoxic mechanism. Taurin is reported to protect against oxidative stress and restore 
endogenous antioxidant levels by inhibiting calcium influx [76]. N-methyl-D-aspartate 
receptor (NMDA receptor) partial antagonists appear promising compounds, with  
S-Methyl-N, N-diethyldithiocarbamate sulfoxide (DETC-MeSO) and memantine 
effective in reducing stroke consequences in rodent models [77, 78]. Memantine is cur-
rently licencesed in USA and Europe for treatment of Alzheimer disease. 
Neuroprotection is indeed a promising approach and likely to transform apprach in 
neurorehabilitation in the coming years.
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33.1  Introduction

Neurocognitive frailty is currently considered as the biggest risk to successful 
aging. Cross-sectional aging data show an age-related decline in almost all cogni-
tive functions—speed of processing, inhibitory functions, working memory, and 
long-term memory—except world knowledge, which may even show some 
improvement  [1–3]. One influential view is that age-related cognitive decline is a 
problem of brain plasticity which manifests itself in a change in neural communi-
cation. Cognitive decline in aging is associated with a reduced coordination 
between brain regions mediating high-level cognitive functions and by an increase 
in functional brain activity, particularly in the frontal cortex [3, 4]. These func-
tional imaging studies reveal a more widespread activation pattern in older adults 
[5, 6] and an increase in frontal bilaterality [4], reflecting increased difficulty in 
recruiting specialized neural mechanisms. Based on this evidence, a scaffolding 
theory of aging has been proposed, according to which compensations due to neu-
roplasticity (scaffolding) are critical factors in understanding the aging mind [3]. 
The need for these compensatory mechanisms may be reduced when the task 
involves repetition of stimulus processing. For example, a task involving semantic 
judgment is associated with left hemisphere prefrontal cortex activation in younger 
and bilateral activation in older adults. Repeated semantic associations lead to 
similar response time benefit (repetition priming) in younger and older adults. 
However, whereas repetition priming leads to reduction of left lateralized activa-
tion in both younger and older adults, older adults also show reduction of right 
prefrontal activation [7]. The evidence of reduced asymmetry of prefrontal 
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activation in the elderly suggest reduced compensatory recruitment of right pre-
frontal regions. These results are relevant for showing that it is possible to induce 
restorative plasticity in the older brain. Indeed, the ability to change synaptic 
weights by long-term potentiation (LTP) or long-term depression (LTD) persists 
throughout adult life into senescence, and so rewiring may also take place in the 
mature brain [8].

This suggests that the role of neuroplasticity may be bidirectional: if it contrib-
utes to age-related cognitive decline, it could also potentially result in the restora-
tion of sensory, cognitive, and motor systems in the aging brain.

Plasticity-based restoration requires cognitive rehabilitation imparted with neu-
robehavioral training methods. Mental training may have the potential of either 
 differentiating preservation (Fig. 33.1, left), by which high levels of mental stimula-
tion lead to less negative (or more positive) relations between age and level of cog-
nitive performance, or preserving differentiation (Fig. 33.1, right) by which 
differences in performances are preserved during adulthood [9]. However, mental 
training by itself is not enough to produce restorative plasticity. To do so, the train-
ing task has to be devoted to improve performance of the specific low-level neural 
mechanisms that needs to be restored. For example, training a low-level mechanism 
involved in memory should produce significant effects on memory performance, 
while other cognitive outcome measures should show no effect. Furthermore, the 
training effect should transfer to untrained memory tasks relying on the low-level 
trained memory mechanism. Moreover, the effect of training should endure at fol-
low-up and possibly increase.

Based on these premises, in the next section, we will briefly review three neu-
robehavioral approaches typically used to improve cognitive functioning in normal 
aging, namely, strategy training, processing training, and multitasking training, 
focusing on what extent they are appropriate to induce neuroplasticity with positive 
consequences in the aged brain.
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Fig. 33.1 The differential preservation hypothesis of cognitive performance across ages (left)—
by which the level of cognitive performance late in life depends on the level of cognitive perfor-
mance during adulthood—and preserved differentiation hypothesis (right), by which difference in 
performance during adulthood is preserved (From Salthouse [9])
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33.2  Neurobehavioral Training Methods

33.2.1  Strategy Training

To increase performance in tasks that older adults perform inefficiently, strategy 
training methods are typically used. Strategy methods have been used to improve 
memory, reasoning, and executive functions, a set of cognitive processes that are 
necessary for the cognitive control of behavior (for a review [10]).

Strategy training is typically used to improve memory functions. The protocol 
involves instructions relative to one or more internal mnemonic strategies to be 
employed in the recall task. These involve mentally visualizing landmarks along a 
well-known route (method of loci), organizing information into meaningful catego-
ries, forming visual images and mental associations between the item to remember 
and faces, numbers, or objects (pegword). A seminal meta-analysis [11] revealed a 
positive effect of mnemonic strategies that ranged between small Cohen’s d effect 
sizes (mean difference between the training and control group divided by the pooled 
standard deviation) for imagery (d = 0.14), moderate for pegword (d = 0.5), and 
larger (d ≥ 0.8) for the method of loci, the name-face, and the organization strategies. 
A following large-scale study involving 2832 participants aged 65–94 years [12] 
confirmed that strategy-based and speed of processing training resulted in reliable 
cognitive improvement; in addition, the effects of cognitive training were maintained 
after 2 years and transferred to cognitive demanding everyday functioning. The gen-
eral outcome from these studies [13, 14] is that the benefit of training with labora-
tory-based memory tasks is significant, although task specific.

Strategy training methods have also been used for improving reasoning or execu-
tive functions in elderly. Boron et al. [15] used inductive reasoning training tasks in 
which participants were required to recognize novel pattern rules and to use them to 
solve similar problems. A control group was trained with a spatial orientation task, 
regarding the ability to mentally rotate figures. The reasoning training group showed 
significantly greater gain in accuracy with respect to the spatial orientation group, 
independently of the speed of responding. Furthermore, Levine et al. [16] trained 
goal management strategies involving the identification of high-risk situations, 
stopping “automatic pilot” behavior, and breaking down goals into sub-goals and 
found an improvement mainly regarding subjective reports.

Overall, these “strategy training” protocols are instrumental for the improvement 
in specific and laboratory-based tasks, but they do not appear successful in generally 
improving memory, reasoning, and executive functions. Furthermore, the require-
ments of specificity and endurance to infer neuroplasticity are met, but that of trans-
fer to untrained cognitive domains is not.

33.2.2  Processing Training

These protocols involve training on tasks mediated by a particular process and 
assessment of post-training improved efficiency on untrained stimuli and tasks 
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engaging the same process. The goal of processing training is to obtain transfer of 
training to different tasks that individuals perform outside the laboratory setting. 
Indeed, while task-specific improvement in laboratory tasks has been well docu-
mented, the clinically relevant question of whether laboratory training improvement 
can transfer to tasks that older adults perform outside the laboratory has been less 
researched.

One goal of processing training is to reduce the age-dependent deficit in intracor-
tical inhibition, possibly associated to alterations in GABA-mediated inhibition 
[17]. Wilkinson and Yang [18] addressed the issue of whether “inhibition training” 
had positive consequences on inhibitory behavior. They examined the inhibition 
retest learning in older adults using a color-word Stroop retest training paradigm 
and showed that training reduced the interference effects. Most importantly, the 
improvement was not item specific although it did not transfer to other tasks. These 
results suggest that the well-reported age-dependent inhibitory deficits are revers-
ible and can be modified in older age.

Another aspect of sensory and cognitive processing that may have a broad effect 
on cognitive functions is speed of processing. Both human and animal studies reveal 
that age-dependent reduction in processing speed results from inefficient neuro-
modulation. In particular the reduction in dopamine receptors has been shown to 
have a key role in slowing down speed of processing [5]. In humans, aging-related 
reduction of dopamine receptors D2 [19] has been shown to result in decline of 
processing speed in word and face recognition. The relationship between speed of 
processing and cognitive efficiency is well described by Salthouse [20], according 
to whom the reduction of speed of processing with age may affect the speed with 
which many cognitive operations can be executed and this cause can be primary 
with respect to other relevant causes such as working memory [21]. Evidence for 
transfer effects of training in perceptual speed tasks comes from Salthouse and 
Tucker-Drob [22], indicating that test-retest effects in perceptual speed remained 
substantially equivalent between tasks using different items with respect to tasks 
using similar items. Considering the strong connection between the cognitive pro-
cessing speed abilities and everyday performance (driving, mobility, gait, functional 
reach, risk for falling), training speed of processing may have the potential to 
improve everyday life among older adults.

In addition to inhibitory and speed processing, other basic processes have 
been trained with positive outcomes on transfer tasks. For example, training-
dependent improvement in single and dual tasks of attention, working memory, 
and manual control, which involve relatively low-level cognitive processes, is 
predictive of improvement in unrelated tasks, such as driving in older adults 
[23]. These results are particularly important when considering that the trained 
tasks, in particular attention and motor ones, are significant factors (together 
with those involving perceptual, executive functions) in accounting for driving 
performance [23]. From these results, it can be suggested that transfer of train-
ing-dependent improvement from a laboratory setting to real-world task perfor-
mance relies on the improved capability of distributing attention among 
concurrently performed skills.
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Even the improved capability of shifting processing priorities seems relevant in 
inducing transfer. For example, effects of transfer in training executive functions, as 
probed by improvement in the capability of task switching, have been found: prac-
ticing in a variety of dual-task switching tasks improved the ability to switch 
between unpracticed pairs of near tasks in older age [24]. This result is important 
because daily life, such as reading newspaper or cooking a meal, often demands 
mental flexibility in shifting between different tasks.

Despite the evidence that processing training has good generalization potential, 
more often strong specificity has been reported. One potential problem of these 
training paradigms, which may prevent generalization to tasks normally performed 
in day-to-day life, is that they focus on single-task training.

33.2.3  Multitasking Training

A promising alternative in the field of training regimes to improve cognitive abilities 
is provided by multitasking training. Multitasking, which involves cognitive con-
trol, i.e., the capability of developing different action control and/or filtering out 
interference from irrelevant tasks, is reduced by aging. One measure of multitasking 
ability is to involve participants in performing two tasks in isolation and together 
[25]. It has been suggested that a less controlled multitasking training protocol, with 
a custom-designed 3-D video game (NeuroRacer), may lead to reduced multitask-
ing costs in older adults [26]. After training, the older group performance improved 
to, and beyond, the level of the untrained younger group. The improvement was 
retained at 6 months follow-up. Most importantly the effect of training transferred 
to untrained cognitive control abilities (enhanced sustained attention and working 
memory), suggesting that these training protocols may enhance the ability to learn 
new tasks. Both the trained and the transfer behavioral effects of training were asso-
ciated to a modulation of the neural mechanism underlying cognitive control, i.e., 
increased in midline frontal theta power, as assessed by electrophysiology. These 
results highlight the vigorous plasticity of the prefrontal cognitive system in the 
aging brain. However, how exactly neural responses to constituent tasks adapt with 
training remains to be characterized. One speculative hypothesis is that multitasking 
learning allows task representations to become more distinct after training.

33.3  New Directions in the Field of Plasticity in Aging

Phenomena of plasticity in the aging brain representing flexible recruitment of brain 
areas and reflecting structural and functional changes (either substitutive or in 
response to restorative learning and experience) have been highlighted by func-
tional magnetic resonance imaging (fMRI).

Modulation of neural activity is necessary in order to show a causative rela-
tion between neural activation and plasticity. There are two safe and noninvasive 
methods to manipulate neural activity: repetitive transcranial magnetic 
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stimulation (rTMS) and transcranial direct current stimulation (tDCS). rTMS is 
obtained by applying brief electrical pulses via a coil to a specific brain region; 
depending on the pulse arrangement, rTMS activates or inhibits neural activity 
under the coil and may also enhance or inhibit regions whose activity interferes 
with task performance. tDCS operates by applying a small amount of current 
through two electrodes attached to the scalp. TMS and tDCS modulation of spe-
cific brain regions may increase speed and accuracy in activities based on atten-
tion, perception, and memory [27]. Indeed, one week of object location learning 
with anodal tDCS applied over the temporoparietal cortex led to a large increased 
of memory performance compared to the sham control group that learned with-
out anodal tDCS [28]. Moreover, older adults’ performance in complex motor 
skill tasks was enhanced by tDCS applied to the motor cortex [29]. Importantly, 
anodal tDCS over right but not left dorsolateral prefrontal cortex increased the 
proportion of performance errors that were consciously detected, indicating that 
this area is involved in error awareness and that tDCS may restore the weakness 
that older adults present in this function. Meinzer et al. [30] used fMRI to inves-
tigate neurofunctional correlates of a tDCS-induced modulation of performance 
in a semantic word generation task. tDCS significantly improved performance in 
older adults up to the level of younger controls and significantly reduced task-
related hyperactivity in bilateral prefrontal cortices, the anterior cingulate gyrus, 
and the precuneus.

Although these results are relevant in pinpointing the tDCS-induced task-
related changes in the activity of specific brain regions, the suggestion that 
neurostimulation may result in a promising cognitive enhancer in aging is still 
speculative. Data on the time course and duration of the effects are needed in 
order to propose that neurostimulation methods may have an impact in day-to-
day life.

33.4  Open Questions

The studies reviewed above show a considerable progress toward the goal of 
restoring sensory, cognitive, and motor systems in the aging brain. Box 33.1 sum-
marizes the extent to which the various training protocols meet the essential 
requirements to produce significant benefits in cognitive rehabilitation. However, 
beside the efficacy, it should also be considered that training programs involve 
strong commitment and compliance on part of participants. Moreover, to provide 
positive outcomes in clinical setting, there are open issues to be addressed. One 
crucial question regards the degree to which motivation systematically influences 
cognitive performance in the elderly. Another issue regards the non-satisfactory 
transfer effects in everyday life activities. However, training-related changes in 
brain functions and structure are promising indicators of the fact that training may 
provide substantial changes in the neural mechanisms underlying cognitive 
performance.
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Box 33.1 Each neurobehavioral training method (Strategy, Inhibitory processing, 
Processing speed, Low-level cognition and Multitasking) whether it fulfills the essential 
requirements to produce significant benefits in cognitive rehabilitation

General 
considerations on 
the training effects

Strategy 
training

Inhibitory 
processing 
training

Processing 
speed 
training

Low-level 
cognition: 
attention, w. 
memory

Multitasking 
training

Do the training 
effects last?

Yes Possibly Possibly Possibly Yes

Does the training 
transfer to untrained 
items?

Unlikely Yes Yes Yes Yes

Do the training 
effects generalize to 
real-world tasks?

No Possibly Possibly Yes Yes

Is the training 
successful without 
compliance/
motivation?

No No No No No

Is the training 
protocol useful for 
several cognitive 
functions?

Unlikely Yes Yes Yes Yes

Key Points
• Neurocognitive frailty is currently considered as the biggest risk to suc-

cessful aging.
• Cognitive rehabilitation aims at modulating brain activation, consequent 

reduction of compensatory recruitment, and increase in restoration-based 
plasticity.

• Strategy training, processing training, and multitasking training methods 
are used to increase performance in tasks that older adults perform 
inefficiently.

• New neurostimulation techniques (repetitive transcranial magnetic stimu-
lation (rTMS) and transcranial direct current stimulation (tDCS)) are safe 
and noninvasive methods used to manipulate neural activity.
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34Cognitive Rehabilitation Therapy 
for Neurologic Diseases

Patrizio Sale and Giovanni Gentile

Cognitive rehabilitation therapy (CRT) is the multisensory goal-oriented programme 
of relearning or compensating for cognitive skills and abilities that have been altered 
or lost after brain damage. In particular, CRT is focused on improving cognitive 
functions (memory, attention and concentration) and daily living skills (i.e. using the 
telephone, managing medication and handling money). Cognitive impairments can 
indeed strongly interfere with safety, productivity, independence and personal rela-
tionships and, more generally, with the human global functioning.

Cognitive rehabilitation was born in the twentieth century and developed by phy-
sicians, scientists and health professionals to manage the acquired disability of 
thousands of head-injured veterans coming back from the world wars [1]. In the last 
decades, the high long-term impact of acquired brain injury (ABI), particularly trau-
matic brain injury (TBI), has been recognized, and CRT programmes have become 
more and more accurate.

If at the beginning the CRT seemed to be focused exclusively on training the 
cognitive skills and processes, nowadays the emphasis shifted on producing and 
obtaining functional changes.

34.1  Principles of Cognitive Rehabilitation Therapy

The main principle of CRT is brain plasticity which refers to a peculiar capacity of 
the brain of changing its neural network organization and functioning, producing 
new synapses (sprouting) or removing (pruning) the older ones. Indeed, acting on 
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brain plasticity with a structured environmental experience will definitively change 
the brain functionality and reorganization as well as the subject behaviour [2]. This 
consideration should be joined to the assumption of modularity of the cognitive 
processes, according to which the brain is organized into subcomponents relatively 
independent specialized to perform specific functions. If a damaged cognitive mod-
ule retains part of the neural substrate, then it is possible, through appropriate stimu-
lation, to obtain the reacquisition of the cognitive process. Otherwise, cognitive 
rehabilitation should help the patient to develop compensatory mechanisms, taking 
advantage of the brain’s ability to perform complex tasks using alternative cognitive 
processes [3].

Overall, the approach of CRT is focused on reducing disability. It aims to enhance 
functioning and independence in patients with cognitive deficits due to a neurologi-
cal condition aiming to lessen impairments, to restore the lost cognitive functions 
and to reduce the disabling impact of such cognitive deficits [4]. The rehabilitation 
programme is developed according to each subject’s specific need. CRT follows a 
process of identifying areas of impairment, facilitating compensatory mechanisms 
to rapidly improve some functions and challenging the brain to restore them.

34.2  Hierarchy of Cognitive Processes

A stimulation of a cognitive function can also lead to a dysfunctional plasticity. Sturm 
et al. (1997) have shown that subjects receiving a stimulation of basic attentional func-
tion compared to those who received higher attentional processes training had a better 
outcome; moreover the second ones showed a decline of their cognitive skills [5].

Cognitive functions are modular and hierarchically organized, and basic pro-
cesses serve higher functions allowing the brain to complete complex tasks. Treating 
each function as independent could cause huge mistakes.

Since the aim of CRT is to reduce the disability derived from cognitive impair-
ments, the rehabilitation programme should be designed to take into account such 
issues. It is fundamental to provide rehabilitation tasks sticking to a hierarchical 
framework of cognitive functions, whereby lower-level cognitive skills (e.g. sus-
tained attention) are involved and stabilized before proceeding with treatment of 
higher level cognitive domains (e.g. executive functions).

34.3  Bottom-Up and Top-Down Processes in CRT

Among the techniques and the approaches of CRT, a distinction has been proposed 
by Robertson and Murre [6] who describe two ways of how a CRT programme 
could be designed: the “bottom-up” versus “top-down” approaches.

The bottom-up process can be described as “retraining the brain from the bottom 
up”. This approach is based on providing the injured network with strong external 
perceptual, motor or sensory stimuli which produce a readaptation of perceptive 
processes influencing the recovery of the impaired cognitive function.
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Examples of this kind of approach can be found in those treatments focused on 
motor recovery, where the high number of repetitions of specific movements (e.g. 
fine movements of the fingers) produces a significant improvement of the targeted 
area motor function. The repetition induces plasticity and adaptation, by means of 
synaptic growth, of neurons around the damaged area of the brain.

This approach is also commonly adopted for rehabilitation of spatial neglect with 
prism adaptation stimulation technique. It consists of displacing the visual field of 
the subject rightward using specific prismatic lenses, and then the subject is asked 
to perform a repetitive motor task (reaching an object in front of him). In order to 
compensate this shift, the subject has to perform the movement toward the opposite 
side (left), resulting in a leftward displacement of sensorimotor coordinates.

On the other hand, top-down processing refers to how our brain use information 
coming from the environment through one or more sensory systems. This approach 
is based on the fact that the higher brain regions can regulate and select the sensory 
information that have to be processed. These regions have been identified in the 
frontal lobe and the thalamus. Such areas enhance attention, expectancy and moti-
vation resulting in a higher improvement of the performance in a rehabilitation 
context.

This kind of approach is widely used in CRT and is determined by the direct 
intervention of the cognitive processes of the subject, allowing a cognitive function 
improvement or the development of compensatory strategies through metacognitive 
processes. According to point of view, the recovery appears as strongly related to 
the cohesion of frontal attentional networks. Having said that, subject awareness 
and executive function level should be strongly taken into account within the design 
and development of a CRT programme. It will lead the rehabilitation strategy, giv-
ing priority to the recovery of more basic processes.

34.4  The Neuropsychological Assessment

The responsible professional for the comprehensive assessment of the cognitive 
level is the neuropsychologist who performs a set of tests and investigations in order 
to develop an accurate picture of the subject’s levels of cognitive, emotional and 
interpersonal functioning, including areas of spared ability or compensatory strength 
and the subject’s ability of carrying out everyday functional activities.

The neuropsychological behavioural assessment investigates cognitive skills as 
planning, problem-solving, attentional capacity, learning efficiency and memory, 
emotional regulation and interpersonal effectiveness.

Cognitive domains are usually measured through a psychometric/quantitative 
approach which uses tests and specifically designed to best assess different cogni-
tive functions and their subcomponents; moreover functionality and mood are 
assessed as well. An accurate assessment is necessary in order to inform the design-
ing of a CRT: it gives the opportunity to the rehabilitation therapist to get a detailed 
analysis of strengths and weaknesses of subject’s skills and abilities so that it is 
possible to find the proper route for the recovery of lost functions.
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34.5  Outcome and Efficacy

Even if the literature body dealing with CRT has strongly increased in the last 
decade, methodological problems still affect the measurement of efficacy and the 
evaluation of CRT outcomes. The main issue is given by the high heterogeneity of 
subjects, each one necessitating different and specific treatment and settings; more-
over often there’s a huge gap between the mandates of rehabilitation facilities which 
are more prone to have a clinical approach instead of a research approach. There is 
a consensus on the validity of the efficacy of CRT; however most of the results are 
lacking of strength since the majority of the treatments often relies on single-case or 
small-group studies which easily result affected by methodological biases and con-
tribute to giving a fuzziness to the whole CRT picture. Controlled studies with large 
numbers of subjects that either compare different treatments or use a non-treatment 
control group are still quite limited.

The efficacy of a CRT intervention could be also measured with specific scales 
such as the Functional Independence Measure (Granger and Hamilton 1987), the 
Disability Rating Scale for Severe Head Trauma (Rappaport et al. 1982) and the 
Glasgow Outcome Scale (Jennett and Bond 1975) or other scales that assess the 
autonomy and the functionality of the subject [7–9].

A final consideration concerns the difference between evaluating the efficacy 
intended as “treatments that are beneficial for patients or clients in well-controlled 
treatment studies” and effectiveness which refers to the ability of treatment in being 
transferred “from the research clinic to community and private practice settings”. 
For instance, an effective result after an attention-based training is that the subject 
is able to come back to work.

34.6  Techniques and Areas of Intervention

There are different strategies and techniques that can be used to assist people with 
cognitive impairments in optimizing management of their daily lives and activities. 
These strategies have been incorporated into goal-oriented cognitive rehabilitation 
interventions that aim to (1) draw on retained strengths to support adaptive behav-
iour and (2) achieve optimum levels of well-being by targeting performance on 
personally relevant goals.

Several techniques, such as auditory and/or visual attention tasks and memory 
training, can help the subjects to achieve the goals of the treatment. Due to the 
individual response to treatment, it is preferable to try different strategies to 
determine what works best for each individual; two approaches are usually 
adopted: the restorative (remedial) approach or the compensatory approach. The 
main fields of treatment in cognitive rehabilitation concerned attention, the 
visuospatial and/or praxic functions, language and/or communication, memory 
and executive functions.
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34.7  Factors Affecting Cognitive Rehabilitation

Many different factors influence recovery from damage to the brain. Some of these, 
such as demographic factors, are fixed and not subject to manipulation. We can, 
however, use information about such factors to make informed predictions about a 
client’s natural course of recovery. Factors related to the injury itself are also not 
typically under the control of rehabilitation specialists, though medical science is 
certainly making inroads in decreasing the secondary damage caused by stroke and 
trauma, primarily through innovative pharmacological interventions.

34.8  CRT in Stroke Population

The terms stroke and cerebrovascular accident (CVA) are both used to describe 
brain damage or dysfunction that occurs as a result of some disruption in the vas-
cular supply to or of the brain. Stroke is one of the three major neurological causes 
of death and disability, together with TBI and dementia. Both cerebral haemor-
rhage and cerebral infarction (thrombosis, ischaemia) can cause a widespread set 
of cognitive deficits, and more in general damages are related to the brain area/
network by the CVA.

34.8.1  CVA Involving the Middle Cerebral Artery

Common cognitive impairments associated with left middle cerebral artery CVA 
include aphasia, oral and limb apraxia and verbal learning impairments, whereas the 
most common deficits following right middle cerebral artery CVA include visuo-
spatial impairments, nonverbal learning impairments, impaired awareness of defi-
cits, impairments in the pragmatic aspects of communication and impaired attention. 
Aphasic syndromes have been reported following lesions involving many struc-
tures, including the internal capsule, the lenticulostriate area, the thalamus and the 
basal ganglia.

34.8.2  CVA Involving the Anterior Communicating Artery

The anterior communicating artery is a common site for aneurysms: bleeds involv-
ing aneurysms in this territory commonly result in a syndrome characterized by 
confabulation, disinhibition, unconcern, severe anterograde and retrograde amnesia, 
executive function impairments and limited awareness.

Rehabilitation programme for each typology described above is addressed by the 
cognitive functions damaged by the CVA; moreover it takes into account priorities 
related to basic cognitive functions/skills that necessitate to be recovered.
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34.9  CRT in Patient with Dementia

Nowadays cognitive rehabilitation is strongly indicated for people with an acquired 
brain injury like stroke or traumatic brain injuries, who often show memory, lan-
guage and attention deficits. For those cases, many structured programmes have 
been developed and showed their efficacy and effectiveness in treating such impair-
ments. However little is known about neurodegenerative disease like Alzheimer, 
Parkinson and other dementias. Recent literature reviews have shown that multi-
modal approaches of cognitive stimulation combined with physical activity and 
occupational therapy can produce a significant effect in treating subjects with mild 
cognitive impairment [10]. Other studies suggest that such interventions could 
improve symptoms, if the intervention is performed early or in the premorbid stage 
of disease. Therefore, a comprehensive neuropsychological assessment and moni-
toring would be crucial to identify in time people at risk of developing cognitive 
decline in order to provide, where possible, a cognitive stimulation intervention.

 Conclusions
Although our understanding of brain plasticity and of the mechanisms underly-
ing it is still quite primitive, what is emerging provides substantial evidence for 
more plasticity in the adult brain than was previously believed. At the same time, 
these new discoveries highlight the complexity of the overall challenge of reha-
bilitation. Implications for best clinical practice are confusing at times, but this 
reflects where the field is in the process of assimilating and applying new infor-
mation. Although a greater understanding of the biological underpinnings of 
recovery is exciting and vital to the field, it is important to keep in mind many of 
the principles of rehabilitation practice that we know facilitate the recovery pro-
cess. Consider, for example, the important role that mood and motivation play in 
rehabilitation and the importance of building a therapeutic relationship that will 
maximize a patient’s engagement in the rehabilitative process.

Key Points
• Cognitive rehabilitation is a goal-oriented programme that aims to improve 

cognitive functions (memory, attention and concentration) and daily living 
skills (i.e. using the telephone, managing medication and handling money).

• The rehabilitation programme is developed according to each subject’s 
specific needs.

• The goal is to improve performance in tasks that are important to the 
subjects.

• Two approaches are usually adopted: the restorative (or remedial) approach 
or the compensatory approach.
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35Neurobehavioral Rehabilitation 
of Visual Deficits in Older Patients

Clara Casco

35.1  Neuroplasticity in Aging

Aging is associated with a progressive slowing down of information processing 
and with a diminished capacity in encoding, representing, and maintaining informa-
tion, as well as in selecting relevant information and discarding irrelevant one. 
These changes are associated, at neurobiological level, with a neuromodulatory 
decline. A correlation has been suggested between cognitive decline and the 
decrease in cholinergic markers, although the role of Ach in modulating learning 
and memory may not be specific [1]. The level of acetylcholine (Ach) affects neural 
spatial integration and may be related to the states of arousal and attention [2]. In the 
aged human cortex, genes involved in GABA-mediated inhibitory neurotransmis-
sion are downregulated [3], thus affecting low-level cortical balance between exci-
tation and inhibition in sensory tasks [4–8]. Specifically, reduced strength of 
surround suppression in the central visual system, a visual function essential for 
isolating object contours and region boundaries in crowded natural scenes, may 
result from age-related reduced efficiency of GABAergic inhibitory mechanisms in 
the visual cortex [9]. Moreover, age-dependent reduction in the ability to signal 
visual sensory stimuli above background activity (signal-to-noise ratio) is likely to 
have deficient dopaminergic modulation as a neurochemical correlate [10].

Cerebral metabolic decline is associated with inefficient interneuronal communi-
cation with consequent reduced efficacy of interconnections among neurons in 
brain areas involved not only in cognitive but also in sensory processing. Indeed, 
MRI (Magnetic Resonance Imaging) data reveal a significant age-associated reduc-
tion of the size of visual cortical areas V1, V2, and to lesser extent V3, possibly 
associated with a decreased number of cortical connections [11].
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Changes in synaptic connections affect cortical plasticity in the aged brain as 
assessed by the measurement of age-dependent threshold variation for long-last-
ing modulation in synaptic signal transmission (long-term potentiation and 
depression, LTP and LTD) [12].

In addition to changes in brain activation, neuromodulatory-dependent impair-
ment of cortical and subcortical representations of sensory inputs determines a self- 
reinforcing downward spiral of reduced interaction with challenging environments, 
which significantly contributes to cognitive decline. Not only does alteration of neu-
ral information processing lead to less distinct neural representations and memory 
traces, but it also results in a more simplified behavior. In adapting to this reduced 
complexity, the brain simplifies even more the representations supporting percep-
tion and action. Age-related cognitive decline is therefore a problem of brain plas-
ticity with negative consequences.

A large and growing body of human studies have documented that plasticity with 
negative consequences in the older brain can be reversed. The therapeutic target is 
to induce plasticity with positive consequences in the older brain by modulating the 
balance between excitatory and inhibitory networks. Extensive basic research 
focused on the role of endogenous neuromodulator release such as norepinephrine, 
acetylcholine, serotonin, or dopamine in regulating positively excitation-inhibition 
balance [13]. A different approach, either independent or combined with regulation 
of endogenous neuromodulation, is to induce neuroplasticity neurobehaviorally. 
This is achieved through perceptual learning (PL), a long-term sensitivity improve-
ment with some basic sensory tasks as a result of active training on that task. 
Through PL, physical and functional decline can be slowed down, arrested, and 
inverted [14]. Neurobehavioral training resulting in PL strengthens neuromodula-
tory control, enhances LTP, restores neural connections, increases signal-to-noise 
ratio, and improves the specificity of cortical representations [15].

Neural plasticity induced neurobehaviorally by PL reduces sensory deficits by 
improving neural representations which become narrowly tuned along physical 
dimensions. Moreover, because low- and high-level brain mechanisms work 
together to process incoming information at increasing levels of complexity, it may 
be expected that neurobehavioral training resulting in PL in low-level task would 
transfer to higher-level functions. Decades of cumulative research have provided 
evidence that PL mediates cortical plasticity, thus engaging competitive brain net-
works so as to refine the selective representation of sensory input and transfer these 
improvements to interacting systems.

35.2  Improvement of Visual Functions in Healthy Aging

PL has been shown to improve a variety of visual functions. One recent study 
revealed a PL improvement of contrast sensitivity in older adults. After 7 days of 
training using a forced-choice orientation discrimination task, older adult’s perfor-
mance was as good as that of younger adults prior to training. The effects of PL 
were independent of retinal illuminance changes and transferred to untrained 
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orientations but not to visual acuity [16]. Orientation discrimination was found to 
improve in older adults during training, in particular when the orientation discrimi-
nation task was difficult and the orientation to be discriminated was embedded in 
additive visual noise [17]. Training to discriminate the direction of motion of sine 
wave gratings (an image where the luminance varies as a sign wave) embedded in 
visual noise reduced contrast threshold in the elderly and the effect of PL trans-
ferred to other motion tasks, suggesting higher tolerance to external noise rather 
than reduction of additive internal noise [18]. Importantly, PL of motion tasks 
involving low-level central visual mechanisms transfers to higher-level visual func-
tions [19]. Berry and coworkers [19] trained older participants in discriminating the 
expansion/contraction of a sine wave grating presented within a 2D Gaussian win-
dow and found, 10 h later, better performance in the older group that was trained 
during the 10-h interval relative to the untrained control group. Training transferred 
to an untrained task consisting in discriminating whether two consecutive directions 
of coherently moving dots were the same or different, both when the task was purely 
perceptual and, most importantly, when working memory was involved by interpos-
ing a delay between the two stimuli. Moreover, the electrophysiological response to 
the stimulus (event-related brain potentials, ERPs) was recorded. The comparison 
of ERPs measured at two intervals showed a training-dependent modulation of the 
deflection of a negative voltage component with a latency of 120–220 ms (N1). The 
amplitude of this component was significantly decreased at the second interval for 
the trained, but not for the control group. Moreover, PL has been shown in tasks 
approximating real-world demands of dividing attention simultaneously among 
multiple stimuli and tasks. For example, Richards et al. [20] involved younger and 
older observers in PL of a useful field of view task (UFOV), in which participants 
performed the localization of peripheral targets. Performance in this task was 
impaired by engaging simultaneously attention to a central letter which observers 
had to identify. However, in both groups, the impairment due to divided attention 
was reduced, and, when older subjects were provided with enough practice, their 
attentional costs did not differ from those of the younger group.

In addition to the evidence of PL-dependent improvement in aging, several stud-
ies provide evidence that PL is associated with brain plasticity. Chang et al. [11] 
involved observers in three training sessions. They found a 28% reduction of tem-
poral threshold, defined as the interval between texture and mask to reach 80% 
accuracy in a texture discrimination task (TDT). Before, PL thresholds in TDT were 
uncorrelated with areal size of V1, V2, or V3 for all groups. For the older group 
only, individual improvement due to PL was significantly correlated with areal size 
of V3. Importantly, for the older group, the correlation between PL effects and areal 
size was found in V3, whereas in younger adults, PL is associated with a specific 
modulation of functional activation in the trained location of V1 [21–24]. Note that 
V3 shows the smallest age-associated size reduction. This could explain why it 
compensates for the age-dependent reduced functional plasticity of V1. Indeed, 
assuming that reduced areal size reflects a reduction in the number of facilitatory 
and inhibitory connections whose strength is modulated by PL [25], this would 
affect negatively the potentiality of PL in areas of reduced size such as V1, whereas 
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PL would be preserved in larger areas with a larger number of neural connections, 
such as V3.

In addition to changes in areal size, it has been shown [26] that PL leads to a 
change in cortical connectivity in the older brain. The study was based on the 
hypothesis that PL potentiates signal transmission as indexed by fractional anisot-
ropy (FA) that reflects neural properties such myelin thickness and axonal diameter. 
Younger and older observers were involved in PL of TDT, and FA values associated 
with PL were obtained using two MRI techniques: diffusion tensor imaging, a MRI 
technique that can measure macroscopic axonal organization in nervous system, 
and functional MRI BOLD signals elicited during the task. Results showed that the 
older but not the younger group showed significant changes in FA, suggesting a dif-
ferent PL mechanism in the two groups: only in older observer PL is associated with 
a reorganization of white matter.

Altogether, neurobehavioral and MRI findings suggest that sensory plasticity is 
preserved for training in older adults.

35.3  Rehabilitation of Visual Diseases in Elderly

In the present session, we review evidence of positive outcomes resulting from the 
rehabilitation of sensory diseases in older patients. We focus on presbyopia, optic 
neuropathy, and age-related macular degeneration.

Presbyopia Presbyopia is a common type of refractive error associated with the 
experience of blurred vision which causes limitation in daily activities such as read-
ing, sewing, or working at the computer and goes together with a reduction of near 
visual acuity, contrast sensitivity, and processing speed. The consequence of blurred 
input to the cortex may be a reduced neural activation and a sluggish neural response. 
Based on the hypothesis that blurred vision results in less efficient spatiotemporal 
neural coding, Polat et al. [27] involved presbyopic observes in a neurovisual train-
ing protocol, consisting in detecting a low-contrast target presented with high- 
contrast collinear and iso-oriented flankers. They showed that PL resulted in 
improved visual acuity and contrast sensitivity. Most importantly, reading speed 
improved by 17 words/min following training.

Optic Neuropathy Reduced vision following prechiasmatic damage had been con-
sidered irreversible until recently. However, recent studies [28, 29] used alternating 
weak current (repetitive transorbital alternating current stimulation, rtACS) deliv-
ered by stimulation electrodes applied transorbitally with the eye closed to patients 
with optic nerve damage aged 52–62 years. Results showed that the application of 
rACS resulted in a significant recovery of visual functions. Restorative effects were 
revealed by objective measures of visual acuity, visual field size with static and 
dynamic perimetry, and electrophysiological responses in V1 (e.g., the P100 posi-
tive component, peaking at 100 ms). Moreover, rtACS reduced limitations in vision- 
related activities in daily life and in vision-specific quality of life.
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AMD Age-related macular degeneration (AMD) is a prominent cause of vision loss 
typically occurring in older people. It reduces visual acuity and contrast sensitivity, 
and it also affects reading, driving, or other important activities of daily living. 
AMD patients frequently develop an eccentric area of fixation. It is therefore of 
great clinical relevance to evaluate effectiveness of a PL technique for improving 
eccentric vision in these patients. Several studies have investigated the potential of 
PL in enhancing reading speed using either trigram letter recognition [30, 31] or 
rapid serial visual presentation (RSVP) tasks [32, 33]. The general result is that the 
speed of word recognition can be enhanced by PL across a range of ages. However, 
it is not clear whether the improvement simply depended on changes in the retinal 
locus chosen for fixation or on fixation stability.

Various studies suggest that the improvements in peripheral PL are likely to rep-
resent genuine plasticity of the visual system despite the older age of the observers.

To address the issue of plasticity, Maniglia et al. [34] investigated the effect of PL 
on contrast detection for a target flanked by high-contrast collinear elements. PL 
was enduring and transferred to visual acuity and contrast sensitivity; most impor-
tant of all, PL reduced inhibition by the flankers at short distances in the younger 
group and improved facilitation by the flankers at medium distanced in the AMD 
group. This indicates that PL reduced inhibitory lateral interactions in the trained 
younger group and increased facilitatory ones in AMD patients, suggesting differ-
ent mechanisms of plasticity. Rosengarth et al. [35] found that improvements 
obtained in oculomotor and/or reading training by AMD observers (average age 73 
years) resulted in short-term functional and structural brain changes. Furthermore, 
Plank et al. [37] reported that PL enhances eccentric vision with central vision loss. 
Most importantly, the PL-dependent improvement was associated with a modest 
alteration in BOLD response in the early visual cortex.

The results show that PL has strong, noninvasive, and long-lasting rehabilitative 
potential for one of the main causes of visual disability in Western countries.

 Conclusion
In summary, although interconnections among neurons become less efficient 
as a result of metabolic decline and subregulation of neural communication, 
neurobehavioral and imaging findings suggest that sensory plasticity is pre-
served for training in adults with age-related visual decline. The key points of 
modulation of sensory plasticity by PL are noninvasivity, enduring improve-
ment in visual functions as assessed up to 1-year follow-up, and better quality 
of life.

Key Points
• The efficiency of interconnections among sensory neurons is reduced in 

the aged brain.
• Cortical plasticity decline can be reversed through neurobehavioral restor-

ative training.
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36Rehabilitation of Communicative- 
Pragmatic Ability and Ageing

Alberto Parola and Francesca M. Bosco

36.1  Introduction

The ability to communicate effectively in a social context may decrease as a conse-
quence of the normal ageing process and may be caused by physiological and neu-
rological changes as well as changes in the personal environment, such as a reduction 
in the number of social contacts and changes to the social role, as in the case of 
retirement, which usually characterise old age. Older adults frequently show a gen-
eralised cognitive decline [1], caused by a reduction in the cortical connectivity of 
the frontal lobe [2], which primarily affects high-order cognitive functions such as 
executive functions, i.e. planning, working memory and inhibition, and is accompa-
nied by an alteration in hearing and speech processes. These modifications may 
affect the ability to use language, resulting in difficulty with name retrieval and 
recalling, circumlocution, reduction of the syntactic complexity of sentences and 
prosodic alterations, which may be accompanied by a defective emotion recognition 
[3]. In addition to a possible generalised cognitive decline during the normal ageing 
process, many neurological disorders occur in late adulthood; the most prevalent 
diseases that often impair communicative ability in old age are stroke, traumatic 
brain injury, dementia (in particular, Alzheimer’s disease) and Parkinson’s disease. 
Individuals with Parkinson’s disease present prosodic difficulties, such as reduced 
speech stress, monotonic pitch and inappropriate pauses, as well as reduced infor-
mation content of a discourse, and pragmatic deficits [4]. Individuals with dementia 
exhibit deficits in word retrieval, circumlocution, production of irrelevant utter-
ances, lack of coherence and rapidly shifting topics [5]. The communicative disor-
ders reported in people with brain damage are heterogeneous in nature and vary 
according to the size and origin (vascular or traumatic) of the lesion, but the most 
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prevalent disturbances include aphasic symptoms; difficulties in modulation and 
recognition of the tone of voice; verbosity; tangentiality; social inappropriateness; 
pragmatic and inferential deficits, especially in understanding the most complex 
forms of language (irony, metaphor, idioms); and narrative disorders [6–8].

In patients, communicative disorders are an obstacle to a full recovery from 
injury and the return to previous daily activities. Language and communicative 
rehabilitation is thus extremely important in order to limit the social consequences 
of communicative disorders in old age.

36.2  Rehabilitation of Communicative Disorders in 
Brain- Injured Patients

We will now focus on the rehabilitation of communicative disorders in older people 
with brain damage (BD). The first aim of communicative rehabilitation is to identify 
the specific profile of communicative impairment, in order to provide a rehabilita-
tive programme focused on the patient’s difficulty. Traditionally, rehabilitative 
approaches have focused on the recovery of linguistic ability, but the recovery of 
linguistic function does not necessarily correspond to an actual improvement in the 
ability to communicate in a real-life context. Moreover, even if patients with BD 
frequently exhibit deficits that also affect non-verbal, i.e. gestural, communication, 
the majority of treatments focused on the verbal modality do not address the reme-
diation of non-verbal forms of communication [9]. To overcome these limits, some 
authors have proposed the pragmatic approach (see [10]), such as the functional 
communication treatment [11], where aphasic patients are trained to implement 
non-verbal strategies to solve everyday communicative tasks, or the Promoting 
Aphasics’ Communication Effectiveness [12], in which an examiner requires 
patients to describe a card, with the help of the therapist, that gives him feedback 
and suggests compensatory strategies in order to improve the efficacy of his com-
municative performance. A distinctive feature of the pragmatic approach is the pres-
ence of the group, which recreates the cognitive demands set by a real-life 
communicative setting, such as rapid and overlapping turn-taking and promoting 
generalisation of the skills acquired in the training. The group also favours the cre-
ation of new social relationships, extending the social and supportive network of the 
participants.

Patients with BD often show behavioural disturbances, referred to as ‘personal-
ity changes’ and attributable to brain damage, that limit their communicative skills, 
making them over-talkative, socially inappropriate, aggressive and perseverative. To 
overcome difficulties in communication, social skills training has also been pro-
posed [e.g. [13]]. This training includes a wide range of techniques such as model-
ling, role play, feedback, self-monitoring and group discussion, with the aim of 
fostering prosocial and adaptive communicative behaviour. The role played by the 
patient’s caregiver(s) is another important aspect of communicative rehabilitation. 
The therapist provides useful advice to the patient’s caregiver(s), helping them to 
know the cause and to manage the consequences of the disorders and suggesting 
how to reinforce the compensatory strategies proposed during rehabilitation.
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Other important issues, such as the level of awareness of deficits and the general 
cognitive profile of the patients, have to be addressed in rehabilitation with older 
adults with BD. Indeed, the cognitive decline, as in executive functioning and the-
ory of mind, i.e. the ability to attribute mental states to oneself and to other people, 
or a scarce awareness of these deficits, could dramatically limit the treatment effi-
cacy. Recently, Gabbatore et al. [14] proposed the cognitive pragmatic treatment 
(CPT), an articulated training programme created to improve the communicative 
ability of patients with BD. The CPT consists of 24 group rehabilitation sessions, 
each focused on a different aspect of communication. The treatment takes into 
account the linguistic, non-verbal and paralinguistic expressive means, encouraging 
patients to use all the communicative modalities and preserved abilities to reach the 
communicative goals set by a specific task. The techniques used include role play, 
the viewing of video clips showing communicative exchanges followed by group 
discussion, and exercises using audio and printed material. The efficacy of the CPT 
has been demonstrated in a sample of patients with traumatic brain injuries, who 
reported better communicative performance that remained stable 3 months after the 
end of the treatment.

36.3  Rehabilitation Programme in Healthy Seniors

In normal ageing, the psychosocial consequences of communicative difficulties in 
daily activities may be serious. Older adults often experience a reduction in social 
contacts, and communicative difficulties can further weaken their social network. In 
addition, older adults frequently have the need for assistance services, and “the abil-
ity to communicate successfully, including speaking, listening, reading, and writ-
ing, is a critical factor in obtaining health care” [15]. The benefits of the approaches 
aimed at assessing and enhancing communicative ability are therefore not limited to 
patients but could be extended to adults who are experiencing communicative dif-
ficulties connected with the normal process of ageing. Communicative treatments 
aimed at improving and enhancing communicative skills could help them to prevent 
their cognitive decline and preserve their communicative abilities. A key conse-
quence of communicative improvement is the maintenance and reinforcement of the 
social and supportive network, which positively reflects on the quality of life. 
Finally, some critical issues should be considered when older adults are included in 
rehabilitative treatment: the rhythm and timing of the activity should be carefully 
tailored to the needs of older adults. Cognitive decline and physical fatigue can 
indeed reduce their attention and their responsiveness during the treatment, and the 
role of the experimenter is to constantly monitor and prevent possible treatment 
withdrawal.

 Conclusion

To date few studies have focused on the assessment (and rehabilitation) of com-
municative difficulties in healthy and non-healthy elderly subjects, despite the 
actual existence of such difficulties and the serious social consequences of these 
disorders. Further research is needed in order to better delineate the origin and 
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the profile of these disorders and their consequences in real life. A better under-
standing of these communicative impairments and of the efficacy of the rehabili-
tation programmes addressing this issue is also necessary.
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37Neuropsychological Aspects 
of Language in Older Adults

Andrea Marini

37.1  Introduction

Language relies on the integrated organization of a within-utterance or microlinguis-
tic dimension, which is required for intrasentential functions, and a between- utterance 
or macrolinguistic dimension, necessary for intersentential functions [1]. The micro-
linguistic dimension organizes phonemes into morphemes and words (lexical pro-
cessing). It also determines the syntactic context required by a word in order to 
generate well-formed sentences (syntactic processing) and the literal meaning 
expressed by single words (lexical semantics) and entire sentences (phrasal seman-
tics). The macrolinguistic dimension determines the contextually appropriate mean-
ing of a word or sentence (pragmatic processing) and connects sentences or utterances 
by means of cohesive and coherent links in order to formulate the main theme of 
narrative discourse and integrate its linguistic and conceptual features (discourse 
processing). This complex cognitive function declines gradually in the elderly [2], as 
a consequence of the complex interplay between the intrinsic deterioration of the 
linguistic system and the cognitive decline [3]. This brief chapter focuses on some of 
the alterations induced by healthy aging on language production skills.

37.2  Age-Related Effects on Microlinguistic Processing

Even if the mental lexicon keeps growing during the lifespan and older adults usu-
ally have larger vocabularies than younger individuals [2, 4] at least until they enter 
in their 80s and 90s [5], studies assessing naming skills and tip of the tongue states 

mailto:andrea.marini@uniud.it


362

in healthy aging show that the ability to retrieve words from memory weakens 
already after the age of 50 [6] but significantly deteriorates in people in their 70s [7]. 
Similarly, also grammatical skills gradually decline with age: older individuals 
 produce fewer complex sentences [8] and have more difficulties in the retrieval of 
function words [9]. The possibility of an age-induced grammatical weakening is 
supported also by the results from studies using different techniques. For example 
[10], older participants produced narrative descriptions with more morphological 
errors and fewer complete sentences than younger groups of individuals aged from 
20 to 60 years. It has been suggested that this grammatical weakening is at least 
partly related to the decline in verbal working memory which is frequently observed 
in the elderly [11].

Overall, the studies focusing on microlinguistic production skills in the elderly 
suggest that both lexical and grammatical skills deteriorate with aging. Even if most 
of the existing reports have focused on the traditional assessment of lexical and 
grammatical skills (e.g., naming tasks and sentence generation tasks), in order to 
have a more detailed picture of lexical and grammatical production skills in the 
elderly, there is a need for more studies employing tasks that allow speakers to pro-
duce samples of narrative discourse [12].

37.3  Age-Related Effects on Macrolinguistic Processing

The process of aging affects also macrolinguistic abilities. The narratives produced 
by older individuals are typically characterized by augmented verbosity [13] and 
reduced cohesive and coherent organization. For example, Kemper and Sumner 
[11] showed that the narrative discourse produced by persons in their 70s and 80s 
contained more errors of both local (i.e., missing or ambiguous referents and topic 
shifts) and global (i.e., tangential utterances and semantically erroneous formula-
tions) coherence than that of adults in their 20s and 30s. The absence of a signifi-
cant difference between the oldest group’s performance and that of the middle-aged 
suggests that the production of local coherence errors is a gradual side effect of 
aging, which is likely to start already when people enter in their 50s. Aging weak-
ens also global coherence, i.e., the ability to semantically relate remote utterances 
within a given discourse. When older adults are involved in spontaneous conversa-
tion, they produce more off-topic speech than younger individuals (e.g., [14]). This 
is why the narrative discourse of older people is often perceived as vague and 
incoherent. The narrative weaknesses observed in the elderly might not entirely 
depend on a linguistic disturbance per se [3]. According to the inhibition deficit 
hypothesis [15], in the elderly, the ability to suppress irrelevant pieces of informa-
tion and focus on the main stream of a narrative might be weakened because of a 
declined ability to monitor the process of message production. This might eventu-
ally trigger the introduction of extraneous comments and derailments while gener-
ating a story.
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 Conclusions
The linguistic production of older adults is characterized by a gradual linguistic 
weakness which is, at least in part, influenced by their cognitive decline. It is 
important to take into account the typology of tasks used to elicit language pro-
duction in the elderly as different approaches can provide very different results. 
For example, Schmitter-Edgecombe et al. [12] compared word-finding skills in 
three groups of adults with different ages by administering the Boston Naming 
Test and a spontaneous discourse production task. The group of older partici-
pants (in their 70, 80s, and 90s) produced more errors than younger participants 
only in the latter task as in the naming test they were surprisingly even more 
accurate than younger participants. This suggests that ecological tasks such as 
the discourse production task used in this experiment may be highly informative 
about the actual linguistic difficulties experienced by a given individual.
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38Rehabilitation of Older People 
with Swallowing Disorders

Emelyne Grech, Erwan de Mones, 
and Isabelle Bourdel-Marchasson

38.1  Introduction

In European countries, life expectancy in the elderly is increasing, particularly in 
men. However, in Sweden the estimated number of years of life with either severe 
or mobility disability has remained relatively constant over the last 20 years [1]. The 
prevalence of swallowing disorders differs across populations and settings but is 
probably the highest in those with severe disability or who are living in nursing 
homes. Estimations of prevalence of dysphagia in older people vary according to 
health status. We previously estimated that one in five inpatients in geriatric acute 
care wards has swallowing disorders [2], and the prevalence can reach 60% in nurs-
ing homes [3]. The consequences of these difficulties are severe, including aspira-
tion pneumonia, malnutrition, dehydration, poor quality of life [4], and increased 
mortality.

mailto:emelyne.grech@hotmail.fr
mailto:erwan.de-mones-del-pujol@chu-bordeaux.fr
mailto:isabelle.bourdel-marchasson@chu-bordeaux.fr


366

38.2  Specific Features of Dysphagia in Older Patients

This chapter focuses on oropharyngeal dysphagia. Although frequent in older 
 people, esophageal dysphagia is not concerned by rehabilitation. The main causes 
of dysphagia in older people are peripheral or central neurological difficulties. 
Otorhinolaryngological causes include anatomical and functional diseases such as 
cancers, pharyngoesophageal diverticula, local compression, and cervical osteo-
phytes. Iatrogenic causes are also frequent. Moreover, several drugs can amplify 
and decompensate baseline subclinical difficulties owing to their negative effect on 
motility (neuroleptic, benzodiazepine), xerostomia (anticholinergic drugs), or 
excessive sedation. Wearing a nasogastric tube can also disturb the ability to swal-
low. In fact, dysphagia is frequent in the elderly owing to their increasing frailty. 
Other factors include behavioral problems, episodes of delirium, poor oral health 
including loss of teeth and mycosis, oropharyngeal pain, or gastroesophageal reflux.

Physiological aging can lead to swallowing difficulties, aka presbyphagia. 
Presbyphagia can alter each of the swallowing phases, oral, pharyngeal, and esoph-
ageal phase, but usually the difficulties are combined [5]. During the oral phase, 
chewing can be altered by a decrease in biting force, poor oral health, or impaired 
anteroposterior tongue motility. As a result, preparation of the food bolus is slowed 
down and less efficient. Additionally, decreased salivary production leads to further 
poor food bolus quality. Salivary or food leakage may result from a defect in lip 
closure and weak labial tone. Failure to close the velolingual sphincter may result in 
premature leakage of food bolus to the pharynx. Finally, the oropharyngeal sensory 
loss that decreases feeding pleasure and interest may also disturb laryngopharyn-
geal movement. An increase in the sensory detection threshold may result in the 
subsequent triggering of swallowing reflex. Ossification of the laryngeal cartilage 
may reduce the magnitude of laryngeal elevation and thus alter the protective capac-
ity of the airways. Pharyngeal peristalsis is slowed down, thereby increasing transit 
time and the risk of food stasis in the vallecula or piriform sinus. Esophageal move-
ment may also be disturbed with increased transit time or functional impairment of 
the lower esophageal sphincter.

The global mobility or breathing that is involved in swallowing is also modified 
with aging. Cough reflex can be diminished or less efficient. Presbyphagia can thus be 
considered as an aggravating but not a causative factor. Indeed, complications are not 
observed in healthy older people who are able to compensate these difficulties [6].

38.3  The Multidisciplinary Team

In view of the multifactorial causes of swallowing disorders in older people, manage-
ment of dysphagia should be multidisciplinary with a central role for the medical 
practitioner (MP), both for the coordination of those involved and for diagnosis and 
treatment. He collects symptoms and signs of dysphagia from the patients and caregiv-
ers and conducts the diagnostic procedure including prescription of radiographic exams 
or clinical dysphagia workup performed by a speech therapist or physiotherapist. He 
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may also refer to a dentist, otorhinolaryngologist, and gastroenterologist for compre-
hensive management. His first concern is the respiratory or nutritional complications of 
swallowing disorders. The MP will propose etiological treatment that is either medical, 
such as dopamine in Parkinsonian dysphagia, or surgical such as extraction of diver-
ticula and if needed rehabilitation. He also performs a global health assessment and 
functional and nutritional assessment and will likely work with the pharmacist in order 
to modify the treatment plan. Professional caregivers, nurses, or assistants should be 
trained to screen for dysphagia. They will implement the recommendations resulting 
from the dysphagia assessment. They are in a position to observe changes in dysphagia 
symptoms and the efficiency of the recommended changes. They also are in charge of 
oral health in subjects who are unable to look after themselves. In general, rehabilita-
tion is conducted by speech therapists and physiotherapists. The speech therapist is 
trained in dysphagia workup, rehabilitation of swallowing, and the implementation of 
an individualized palliative care plan. To this end, he collaborates with the patient, his 
relatives, and caregivers. The physiotherapist helps patients with breathing, either in 
the event of pulmonary complications or if impaired breathing is an aggravating factor. 
Furthermore, he is in charge of tonus and motility rehabilitation which can help the 
patient to adopt adequate head and trunk positions during meals to improve indepen-
dence. Occupational therapists can propose adaptive techniques during meals to 
facilitate self-feeding along with rehabilitation of hand grip. The role of the dietician 
is to modify the texture of food to facilitate feeding with regard to the patient’s needs 
as demonstrated by the dysphagia workup. He has to ensure the best diet for the patient 
that takes into account his tastes and habits. Swallowing disorders often affect the 
strength required to eat, resulting in fastidious and tiring meals that go unfinished. 
Consequently, food fortification is often necessary to meet the nutritional needs of the 
patient [7].

38.4  General Objectives

Care for the dysphagic patient can be summarized in three points: prevention of 
respiratory complications, improvement of nutritional status, and establishing the 
best quality of life as possible [8]. There are essentially two ways to achieve these 
goals. First, rehabilitation requires personal investment and active participation of 
the older patient. The programs include exercises to promote automatisms in motor 
processes using intensive long-lasting training. Second, adaptive care aims to 
ensure safety during meals. The implementation of compensatory strategies is to be 
considered as palliative care.

38.5  Analytical Rehabilitation

These exercises are designed to improve the motor, sensitive, and sensorial func-
tions of organs concerned. To benefit from such a program, the patient has to be 
personally committed; he should have good general health and good somatic and 
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psychological status and have sufficient cognitive resources to understand the aim 
and issues involved. In this chapter we give some examples of exercises.

On the other hand, the relevance of the rehabilitation program relies on the accu-
racy of the previous assessment of the patient’s impairments. The action of eating 
and swallowing is itself a rehabilitation exercise, soliciting the whole sensorimotor 
loop in a real situation. Some reflexes have to be stimulated, such as the swallowing 
reflex which could be delayed or the cough reflex which is an efficient airway 
unblocking mechanism. Conversely, other reflexes must be inhibited, such as pri-
mary reflexes, i.e., biting and sucking. The gag reflex, which is the opposite of the 
swallowing reflex, should be controlled when exacerbated.

Among the rehabilitation techniques, facial massage is important in the event of 
palsy and thermo-active stimulation, or cryotherapy can be used to reinforce the ner-
vous system arousal. Thermal and tactile stimulation of the pillars of the soft palate 
using the technique of Logemann [9] is done before meals. Cryotherapy is also done 
before meals and consists in oral cavity massaging with iced tips to favor the swal-
lowing reflex by stimulation of the structures sensitive to cold. Voluntary processes 
can also be used to improve swallowing. Swallowing maneuvers that at the first 
glance appear as compensatory may in the long term modify the physiology of swal-
lowing. They can be performed during meals with food or in between with saliva or 
water. According to Logemann and colleagues [10], the supraglottal swallowing 
exercise aims to protect the airways. It involves a number of successive steps: inspir-
ing while holding one’s breath, taking the food bolus, swallowing, expiring, and then 
coughing. The Mendelsohn maneuver consists in voluntary prolongation of laryn-
geal elevation to protect the airways and to assist the opening of the cricopharyngeal 
sphincter during swallowing. Effortful swallowing is proposed in the event of lingual 
dysfunction with vallecular stasis. It consists in voluntary use of all mouth and throat 
muscles with maximal intensity around the bolus to improve the propulsive force and 
pharyngeal contraction, resulting in pharyngeal clearance [11].

Analytical exercises complete the rehabilitation program according to the diffi-
culties identified. They focus on several anatomical structures: the lips and cheek 
muscles, the tongue, the soft palate, and the larynx. Work on apraxia allows the 
sensorimotor sequence to be mobilized, leading to automatization of some move-
ments. It also aims at reinforcing the laryngeal muscular structures that are frail and 
difficult to access. The Shaker technique is used to improve the opening of the upper 
esophageal sphincter while exercising the suprahyoid muscles [12]. The subject is 
supine and is instructed to perform a series of three sustained head lifts for 1 min 
each as an isometric exercise and successive head lifts as an isokinetic exercise. 
Furthermore, it is sometimes useful to work against the resistance to optimize mus-
cle strength of the previously hypotonic structures.

Whenever possible, biofeedback tools help the patient to perceive the efficiency 
of exercising. The subject can exercise in front of a mirror or using signals from an 
accelerometer [13] or surface electromyography from the various structures involved 
in dysphagia [14].

Sequencing the swallow can be useful in some older patients with apractophagia, 
i.e., apraxia of swallowing [15]. Taking into account the cognitive and motor 
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capacities of the patient, the swallowing sequence is shown to the patient during meals 
so that they become automatic. Finally, telling the subject to swallow may be efficient 
in subjects with the “rolling” phenomenon associated with Parkinsonian palsy.

38.6  Adaptive Care

This model of care involves personalized adaptation corresponding to the results of the 
dysphagia workup of the older patient. Taste and uses in daily living are as far as pos-
sible taken into account as well as the motor and cognitive capacities of the patient to 
apply the adaptive measures. Furthermore, adaptation should rely on the resources of 
the patients, financial resources and social support, including caregiver availability.

In the event of degenerative disease or failure to recover after analytical rehabili-
tation, compensatory strategies will be the keystone of care for swallowing difficul-
ties. Unfortunately the majority of older dysphagic people are concerned: exhaustion, 
poor general health, cognitive difficulties, and depression prevent actual rehabilita-
tion. These compensatory strategies have a palliative goal to allow feeding while 
ensuring adequate nutrition or pleasure as safely as possible.

Textural adaptations aim to change the consistency of food according to the abil-
ity of the older subject [16]. When chewing is difficult, a texture easily swallowed is 
proposed (Fig. 38.1).To facilitate swallowing, it is preferable to propose well-homog-
enized food with a smooth mouth feel. According to the changes in each patient, some 

Fig. 38.1 Technical aids and modified meal texture. Note that vegetables, meat, and starch are 
separated for better tasting
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textures will be preferred and others excluded. Solid food may need to be definitively 
avoided. Indeed, the risk of suffocation due to aspiration of a piece of food is great and 
life-threatening. Furthermore, a change in texture may necessitate long food bolus 
preparation (chewing, salivating) and propulsion strength. It is possible either to cut 
the food into small pieces or to grind it. To improve its cohesion in the mouth and to 
facilitate its propulsion, the bolus may be coated with sauce or fat. However, shredded 
or mixed textures are often used because they facilitate swallowing. It should be 
remembered that production of saliva will decline with permanent use of mixed tex-
tures. Some textures are dangerous, e.g., crumbled food that is dispersible in the 
mouth and may be aspired during the inspiratory whoop. Fibrous textures (leeks, let-
tuce) also have the same disadvantage. In addition, food that is both liquid and solid 
like fruit salad is also to be avoided because it requires oral strength and rapid swal-
lowing. Liquid foods can be thickened if the patient has a delayed swallow reflex. The 
thickness may range from that of fruit nectar to the consistency of stewed fruit. Indeed, 
liquid has minimal adhesiveness so the speed of the liquid flowing is high, resulting in 
aspiration before swallowing. Temperature and taste may also be modified. For exam-
ple, hot or iced liquid or food and sparkling or sweet liquids amplify the reflex 
response to the oral presence of food compared to tasteless or lukewarm products. 
Special attention must be paid to adapting the pharmaceutical form of drugs with the 
help of the pharmacist to be sure of their efficiency and safety.

Postural adaptations first concern global posture (Figs. 38.2 and 38.3). The 
subject should not be lying down to eat. In a sitting or semi-sitting position, the 

Fig. 38.2 A patient with right-side hemiplegia and right-side laryngeal paralysis in the adequate 
position for assisted feeding
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trunk is properly supported. After the meal it is recommended to stay in this position 
and not to immediately lie down in order to reduce the risk of acid regurgitation. 
Neck posture directly impacts swallowing. Lateral bending or hyperextension of the 
neck which leads mechanically to opening of the larynx should be avoided because 
they decrease the efficiency of pharyngeal propulsion. The patient should be encour-
aged to flex the neck as this avoids aspiration on its own in 55% of dysphagic sub-
jects [17]. Furthermore, this position allows the epiglottis to move posteriorly, thus 
enlarging the vallecular space. In the event of hemilarynx, palsy rotation on the side 
of the palsy allows better glottal closing and airway protection. Additionally this 
posture leads to better relaxation of the upper esophageal sphincter and reduces the 
possibility of stasis in the pharynx and piriform recess.

Environmental adaptations can also be made during the meals of dysphagic 
subjects. The direct environment should be quiet with few distractors such as TV 
and radio. The subject is also instructed to focus all his attention on swallowing 
and to avoid speaking during the meal. The risk of aspiration during the inspira-
tory whoop is real. Instructions given to the subject should be short and clear or 
even illustrated. Technical aids may be necessary to facilitate swallowing or to 
optimize autonomy during the meal (Fig. 38.1). A slip-resistant pad maintains the 
plate in place; plastic cutlery diminishes the risk of oral injuries in the event of 
tremor; a foam sleeve facilitates grip; a bended spoon facilitates access to the oral 
cavity; a plate with edges makes it easier to guide the food to the spoon. For liq-
uids cups with a spout lid are to be avoided because they induce hyperextension 
of the neck, which could be harmful for the airways. Nosey cups or check straws 

Fig. 38.3 Use of technical aids for easier and safe self-feeding
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are preferable (Fig. 38.4). Human help is likely necessary to implement all the 
abovementioned recommendations. For all these reasons, patients, families, and 
caregivers need to be aware of these measures. Caregivers should be trained for a 
range of uses and technical procedures such as sitting in front of the patient and 
below him during feeding and bringing the spoon downward to avoid hyperexten-
sion. Since older people get tired rapidly, food intake should be split up into at 
least five snacks per day.

38.7  Training, Information, and Education for Health

Training and education for health are essential in the management of swallowing 
disorders in older people. Dysphagia and the adaptive process lead to numerous 
changes in daily life with psychological and social consequences [18]. Implementing 
changes in this intimate symbolic field can be difficult. At first glance textural 
adaptations may be seen as infantilizing, for example, and globally the quality of 
life is impaired. Dysphagic subjects and caregivers find it difficult to make the con-
nection between swallowing and other health issues, and they often minimize the 
consequences on their health. They may consider that the changes they need to 
make are just not worthwhile in view of the benefit they may derive for them. For 
adaptations to be efficient, they require personal energy, money, and time, with the 
result that both subjects and relatives are often exhausted. All these factors rein-
force the lack of compliance and increase the risk of complications and multiple 
hospitalizations.

We propose that education for health should be taken into account whenever a 
person undergoes rehabilitation. This program complies with the recommendations 
of the French High Authority of Health (HAS, Haute Autorité de Santé, http://www.
has-sante.fr/portail/upload/docs/application/pdf/etp_-_definition_finalites_-_
recommandations_juin_2007.pdf).

Fig. 38.4 Nosey cups: 
these cups have a special 
cutout for the nose in order 
to drink liquids without 
bending the neck. They are 
also used for monitoring 
fluid intake during meal
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The first phase is devoted to informing the patient about his pathology and 
 recognizing the signs of dysphagia. The aim is to lead the subject step by step to 
making the connection between his swallowing disorders and the actual complica-
tions he has had or may have. Support during mealtime is a way to transfer this 
knowledge to the patient. Caregivers should also be familiarized with these princi-
ples, be they professional or familial. The key for success is to meet the subject’s 
needs as much as possible and to identify his abilities. The family is met before the 
end of the rehabilitation process not only to give them personalized recommenda-
tions but to negotiate with them what they can do in their own personal circum-
stances. The medical team also needs to be trained in this regard because the initial 
training of professional caregivers in the field of dysphagia is often incomplete. 
Nursing staff may express their compassion as family members do and may be frus-
trated by feeding limitations. To deal with these difficulties, formal education is not 
sufficient, while bedside teaching is efficient but time-consuming.

These multidisciplinary principles and the idea of placing the patient in the cen-
ter of a personalized and flexible project are the core of educational therapy 
(Fig. 38.5). This is not limited to technical training or psychological support. 
Education for health aims to build a therapeutic alliance and promote the patient’s 
insight, which are fundamental for compliance, notably in older people [19].

Education for health in swallowing disorders can be organized in three sessions 
during a rehabilitation stay or in a day hospital, as in our institution group sessions 
are preferable after completion of individual analytical work because they save time 
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and are likely to increase compliance. The first theme is the link between swallow-
ing and breathing; the second focuses on postures, textures, and adapted environ-
ment; and the third concerns warning signs and emergency measures. Patients first 
have an educational interview to establish with their active participation an educa-
tional diagnosis and to allow them to establish personalized goals that take into 
account their own difficulties and way of life.

During the first session entitled “signs of the wrong way of swallowing and 
breathing,” patients receive information about functional swallowing and chat 
informally with staff and other patients. This is the opportunity to express their 
own beliefs. In this way, they can find out how other people cope with the problem 
and how they feel about it. They have to understand the importance of safe swal-
lowing and how breathing and swallowing work together. At the end they should 
be able to identify the warning signs in breathing. They receive information about 
safety techniques (clear throat, cough) and emergency measures (Heimlich 
maneuver, call to emergency medical service). Patients and family have to estab-
lish an action plan in the event of problems, and they have to learn who the key 
contacts are.

During the second session called “texture workshop,” the acquisition of knowl-
edge and actual skills is emphasized. Patients and relatives are trained to use the 
right technical procedures to adapt their food to their needs. The choice of the food 
best suited to their difficulties, preferences, and nutritional needs, recognizing those 
they should not eat, is also a subject of training.

The third session named “posture and environment” aims to lead patients and 
relatives to a better understanding of the effects of posture and environment on the 
quality of swallowing. Patients alone or with caregivers can perform technical ges-
tures able to modify their posture in a real situation. For example, caregivers are 
invited to sit in the right position to feed their relatives. This forms the basis of 
general group discussion about what constitutes a favorable environment for 
swallowing.

At the end of this program, each participant is interviewed about what he/she 
thought of the program and whether the initial goals were achieved. A second pro-
gram can be recommended thereafter, if necessary.

A positive effect on quality of life (QOL) is expected after adaptive rehabilita-
tion, particularly with education for health given on an individual or collective 
basis. We use the French version [20] of a QOL questionnaire for patients with 
oropharyngeal dysphagia (SWAL-QOL) [21, 22] to explore the efficiency of reha-
bilitation to improve quality of life. The SWAL-QOL is a self-report questionnaire 
of QOL specific to dysphagic patients. It contains 44 items and explores the burden 
of difficulties, food selection, eating duration, eating desire, fear, sleep, fatigue, 
communication, mental health, and social impact of swallowing disorders. We use 
the total SWAL-QOL score, the “burden” score, and the “symptoms of dysphagia” 
QOL score. We interviewed eight older patients who were matched for age, cogni-
tive level, and social support. Four patients received the dysphagia education for 
health program in group, and four were seen individually. They were assessed at 
admission and 3 months after following the program or at discharge. The scores 
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were low in all subjects. After rehabilitation scores of all patients improved 
(Fig. 38.6). Indeed, we may expect better improvement in patient compliance owing 
to the dynamic of the group although this was not observed; during group sessions 
subjects have the possibility to face other patients with similar symptoms they have; 
they recognized themselves in other patients for a better involvement in the learn-
ing. Real-life feedback is also a means to link the swallowing disorders and compli-
cations that some of them may have experienced. In addition, the exchange of 
information and impressions between participants helps them to work out new reci-
pes that combine pleasure on the palate and safe eating.

38.8  Sharing of Information

The way information is written down and passed on from one person to another is a 
critical issue in the management of older dysphagic patients, so that quality of care 
and safe eating are ensured. Material can be in the form of written instructions but 
also photos or drawings of adequate postures or food textures. These instructions 
must be updated as the patient’s situation changes. These documents should be easy 
to find and to use and close to where meals are prepared and eaten.

In conclusion, care for elderly dysphagic subjects is not limited to specific reha-
bilitation which is sometimes difficult to administer owing to their exhaustion, cog-
nitive and mood disorders, as well as to the frequently multifactorial causes of their 
difficulties. Beyond curative medical or surgical treatment, adaptive strategies 
should seek to limit the occurrence of complications and to offer satisfying taste and 
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nutrition. It may be difficult for patients and families to accept and implement these 
recommendations because the topic is highly personal and has symbolic overtones. 
Thus, each member of the multidisciplinary team has his own role to play to ensure 
the long-term efficiency of rehabilitation. Education for health that is centered on 
the patient and involves the family may promote active participation and have a 
greater effect on quality of life and safety.
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39.1  Introduction

Over the past decades, the prevalence of spinal injuries among older adults has been 
increasing. In fact, the occurrence of spinal cord injuries among individuals aged 70 
and older has increased almost fivefold, passing from 4 to 15% in the past 30 years [1].

The increasing survival trend of the elderly population in Westernized countries due 
to “traumatic” spinal cord injury (TSCI) which is secondary to falls and car accidents 
is not only due to increased life expectancy but also to a better and prompt intervention 
of the emergency medical system (EMS) [2]. As for the general population, the elder 
SCI patient requires not only specialized medical care and rehabilitation but also easy 
access to environments suitable for wheelchairs, appropriate homecare, adequate 
equipment, transportation, and financial support. SCI specialists will need to be aware 
that older individuals may have an increased incidence of other cumulative illnesses 
(e.g., ischemic heart disease, hypertension, cardiac failure, diabetes mellitus, anemia, 
cerebrovascular, etc.) and the identification of the SCI may be delayed, the symptoms 
manifested being difficult to understand and examine. Indeed delays in presentation of 
illness can be related to communication disturbances (deafness, confusion, aphasia, 
dysarthria), impaired memory (many times difficulties in obtaining a clear history), and 
lack of understanding of own symptoms: “It’s only my age.”

Assessment in elder subjects may be hampered by restlessness or fatigue, and 
diseases may present in atypical ways because of altered physiology (e.g., impaired 
homeostatic control of blood pressure or temperature) or others.

mailto:hcb57@yahoo.com
mailto:sunny.elena@libero.it
mailto:alfredomusumeci@yahoo.com


380

According to Menter and Hudson, normal aging involves three processes [3]: (1) 
the physiologic changes of the body itself, (2) the individual’s change in social 
roles, and (3) self-realization, all overlapped but distinctly different. As individuals 
age, they experience a variety of new and unanticipated issues; these may include 
medical, functional, socioeconomic, and support problems. Individuals experience 
changes and functional declines in all body systems as they age. The rates of decline 
vary from individual to individual, depending on genetics, body habitus, lifestyle, 
and general state of health. Williams and Hadler have demonstrated the variation in 
the rate of decline for the different organ systems in the body [4]. Katzman has also 
illustrated the differing rates of decline between the pulmonary system and the 
peripheral nervous system; the study demonstrated a 60% decline in pulmonary 
function for individuals by age 80 and 15% decline of nerve conduction velocity. 
All this considerations may also apply for the people as they get older and become 
ill having a trauma and/or a spinal cord injury; in this regard, elders with spinal cord 
injury seem to show worst outcomes in personal and social life as well as of life 
satisfaction, showing greater vulnerability after SCI [5].

39.2  What Is a Spinal Cord Injury?

While there is debate about what is contemplated as “spinal cord injury” (SCI) and/
or “spinal cord disorder” (SCI/D), all lesions to the spinal cord, conus medullaris, 
and cauda equina (inside the vertebral canal) are considered within the context of 
this definition.

The spinal cord injury (SCI) affects conduction of sensory, motor, autonomic ner-
vous system (ANS) signals across the site(s) of lesion(s), generating a clinical picture 
of paraplegia [sensory and/or motor loss (paralysis) in the trunk and legs] or quadriple-
gia [sensory and motor loss in the arms, body, and legs] both accompanied by dysfunc-
tional bowel and bladder activity and/or cardiorespiratory and circulatory malfunction, 
temperature/sweating disturbances as well as sexual/erectile dysfunction.

SCI is a medically complex and life-disrupting condition, one of the most invali-
dating pathologies in the field of rehabilitation.

Damage to the spinal cord may be traumatic or non-traumatic. Traumatic SCI 
(TSCI) can result from many different causes—including falls, motor vehicle inju-
ries, occupational and sports injuries, and violence. Non-traumatic SCI (NTSCI) or 
spinal cord disorder, on the other hand, usually involves an underlying pathology—
such as infectious disease, oncology disorders, musculoskeletal disease such as 
osteoarthritis, and congenital problems such as spina bifida. Generally speaking, the 
higher up the spinal cord injury, the more extensive the range of impairments will be.

The extent and severity of the SCI depends not only on the level of injury but also 
on whether the lesion is complete or incomplete. According to the International 
Standards for Neurological Classification of SCI [6], a spinal cord injury is consid-
ered complete if there is absence of the sacral sparing, meaning loss of voluntary 
motor and/or sensory control of the anal sphincter and deep anal region (S4/5). On 
the contrary, the presence of the sacral sparing is true for the incomplete lesions.

H.A. Cerrel Bazo et al.
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The neurologic examination (motor and sensory index) within the first 20–40 days 
(after the spinal shock) following a spinal cord injury is able to predict neurologic 
recovery with great accuracy. According to the International Standards for 
Neurological Classification of SCI [6] and the American Spinal Injuries Association 
Impairment Scale (AIS), the SCI can be classified as complete or incomplete. 
Complete lesions are defined as AIS A, and incomplete lesions are defined as AIS 
B, AIS C, AIS D, or AIS E (see Table 39.1).

The neurological recovery below the level of SCI is possible, but patients in Asia 
A generally show no significant recovery (5% or less) in this area a year after 
SCI. Individuals who are classified ASIA B have approximately a 35% chance of 
improving to grade C or D and almost none (statistically significant) to grade E 
1 year after the SCI. Instead, those classified initially with grades C can improve to 
grade D with a likelihood of 60–70% [7].

In addition to physical examination, MRI examination of the spinal cord can 
provide information regarding future recovery. Hemorrhage within the cord is sug-
gestive of an unfavorable prognosis, with a better prognosis for improvement sug-
gested by (in order) contusion, edema, and a normal appearance of the cord.

39.3  An Onset View of the SCI in the Elderly and Its Medical 
Complications Resulting Therefrom

Early onset SCI differs from late onset SCI in elderly patients can occur in (A) those 
injured when young but with a long history of SCI who then have reached old age, 
known as early onset, and (B) those whose SCI onset have arrived when senior, 
known as late onset (see Table 39.2). While both types can be the result of TSCI or 
NTSCI causes, TSCI happens less frequently in older patients in whom SCI is a 
consequence of falls or motor vehicle accident (MVA).

Early Onset SCI elderly by early onset differ from SCI seniors from late onset. In 
this sense, SCI can exacerbate the physical and physiologic declines—including in 
the musculoskeletal system, cardiovascular, gastrointestinal (GI), pulmonary, and 
integumentary accompanied by the aging process. A number of long-term follow-up 
studies and many authors have documented the tendency for individuals with SCI to 

Table 39.1 The following is the International Standards for Neurological Classification of SCI 
and the American Spinal Injuries Association Impairment Scale (AIS)

A—No motor or sensory function below the level of the lesion
B— No motor function below the level of the lesion but sensory function that continues into the 

sacral segments
C— Most motor function below the level of the lesion preserved, and more than half of key 

muscles have a motor grade of 3 or less
D— Most motor function below the level of the lesion preserved, and more than half of key 

muscles have a motor grade of greater than 3
E—Normal motor and sensory function

39 The Aging Effects in Spinal Cord Injury Rehabilitation
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age more rapidly than the population of able-bodied. That means, individuals with 
SCI develop characteristics and medical problems commonly associated with the 
aging process at a much younger age. Kempt talking about Long-Term Outcomes 
with Disability, during the Rancho Los Amigos Seminar in 1998, said that younger 
individuals whose SCI onset was during or prior to adolescence may enjoy a main-
tenance phase of 20 years prior to experiencing functional decline (see Fig. 39.1).

Table 39.2 Elderly with spinal cord injury and clinical onset

Early onset Late onset
1. SCI? Injured young, long history of 

SCI, have reached old age
Those whose SCI onset have arrived 
when senior

2.  Physical and 
physiologic declines

SCI onset ≤15 years old, the 
maintenance phase last 
≥20 years
SCI onset ≥20 years old, the 
functional decline phase is 
“quick” and aging speed at a 
much younger age

The acute phase can last longer, the 
maintenance phase is short, and 
the functional decline phase is 
“quick”

3.  SCI perpetuating 
degenerative effects

Present Present

4.  Physical capacity 
reduction

Reduced Incredibly reduced

5.  Pneumonia, kidney 
stone, decubitus ulcer

Often in tetraplegia Often in paraplegia/tetraplegia

6.  Premorbid medical 
conditions

Is rare, minor Frequent and complicated

Early and Late onset in SCI:
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Fig. 39.1 Aging and loss of physical capability (capacity) in SCI individuals
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Cushman and Hassett found that, in people with SCI of 15 years or more, 93% 
of them had experienced a decline in functional status [8]. A study by Smith et al. 
found that in adults with long-term disability—specifically, SCI, multiple sclerosis, 
muscular dystrophy, or post-polio syndrome—the development of chronic comor-
bid medical conditions is associated with factors such as body mass index, waist 
circumference, and the existence of another chronic comorbidity [9].

Late Onset According to Kempt (Rancho Los Amigos Seminar 1998), individuals 
who are aged 55 years at the onset of their SCI may only have 5–7 years of relatively 
stable functioning status prior to experiencing a decline. In fact older people may have 
premorbid medical conditions associated that can determine poorer end results of the 
rehabilitation process. In one US study conducted during the 1970s and 1980s, 24.3% 
of persons with SCI who were above 60 years old at injury had arthritis, 8.6% had 
significant heart disease, 4.3% had diabetes, and 4.3% were obese [10, 11]. Above age 
61, there is a greater risk of diabetes, heart disease, obesity and arthritis, poorer out-
comes with respect to walking, and more difficulties with bladder and bowel indepen-
dence. Long-term medical complication rates increase with both older age and greater 
injury severity [12–16]. During the 5th post-injury year, among persons who are 
>60 years of age, 7.1% develop pneumonia, and 29.5% have abnormal renal function. 
The corresponding figures for persons >40 years of age are 2.2% for pneumonia and 
10.2% for abnormal renal function. The long-term odds of developing a kidney stone 
are 50% higher for persons who are at least 55 years of age compared with those who 
are aged 25–34 and 90% higher for persons with complete tetraplegia compared with 
persons with AIS D injuries [13]. There is also an increased risk of pressure ulcers 
among the elderly, and they play an important role in rehabilitation outcomes [17–19]. 
The odds of developing a pressure ulcer are 30% higher among persons who are at 
least 50 years of age compared with those who are aged 15–29 [20]. However, 
advanced age appears to be related not only to the frequency of pressure ulcers but 
also to their severity. In fact an aging-related decrease in muscle mass and vascularity 
may reduce the tolerance of aged skin to pressure and shearing forces, consequently 
leading to the development of pressure ulcers [21]. In any case, the vast majority of 
young and/or seniors with SCI after discharge from an intensive rehabilitation center 
can become sedentary on a wheelchair, not participating much in physical activities 
[22, 23], exposed to severe degenerative effects that perpetuate (see Table 39.3).

Table 39.3 Degenerative 
effects in spinal cord injury 
individuals

Perpetuating degenerative effects in SCI

Severe muscle atrophy [24–28], edema [29], deep vein 
thrombosis [30]
Restrictive lung disorders [31], reduction of the cardiopulmonary 
fitness [32, 33]
Depression, chronic pain syndrome [27]
Recurrent urinary tract infection (UTI), sexual dysfunction [34]
Obesity and HDL reduction [35–39]
Osteoporosis [40], fractures [40, 41]
Spasticity [42, 43]
Decubitus ulcer [11, 44]
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Despite the age of SCI onset, a consequent physical capacity (capability) reduc-
tion, like in the sedentary lifestyle from SCI, is a condition that definitively can offer 
health deterioration, increasing the risk of medical complications secondary to a 
chronic disability status [34]. It’s known that the physical capability in individuals 
with spinal cord injury is directly related to independence in ADLs (activities of 
daily living), and it’s extremely necessary to keep the physical capacity of these 
individuals after discharge. In contrary, self-independence in a wheelchair is not 
enough to keep the patient healthy. Studies on wheelchair users with SCI indicated 
that those who maintain a more active lifestyle by regularly participating in exercise 
and sports programs can increase their muscle strength, aerobic fitness, and physical 
performance to levels well above those of their sedentary cohorts [45–48]. As in the 
able-bodied population, physical capability for SCI appears to decline with age 
[10]. Among SCI in general and in particular in persons >60 years of age at injury, 
47% had at least one pressure sore during initial hospitalization, 30% developed 
pneumonia, 11.4% had deep vein thrombosis, 10% had a gastrointestinal hemor-
rhage, and 5.7% had a renal stone [10, 11] (see Table 39.4).

39.4  Effects of Aging in Spinal Cord Injury

The aging process for some groups of people with disabilities begins earlier than 
usual. Some people with developmental disabilities show signs of premature aging 
in their 40s and 50s [21], and they may experience age-related health conditions 
more frequently. The aging process and associated changes (presbycusis, decon-
ditioning, loss of strength and balance, osteoporosis) may have a greater impact on 
people with disabilities. Those with existing mobility impairments (like in SCI indi-
viduals) may increasingly experience functional loss as they age [49] (see Fig. 39.1). 
Generally speaking, normal aging is associated with a reduction in functional 
reserve capacity in tissues and organs. The following are some of the physiological 
changes that may be expected with aging in the SCI population:

Cardiovascular Changes The incidence of cardiovascular disease among indi-
viduals with SCI is over 200% higher than the expected incidence in an age- and 

Table 39.4 Secondary 
medical complications in 
SCI

Thromboembolic disease: DVT
Decubitus ulcer
Autonomic dysfunction:
• Orthostatic hypotension
• Bradycardia
• Autonomic dysreflexia
Neurogenic bladder and sex dysfunction
Neurogenic bowel dysfunction
Heterotopic ossification
Spasticity
Depression
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gender-matched control population (Kocina et al.) [50]. In individuals surviving 
30 years or longer following SCI, nearly 50% of all deaths occur due to premature 
cardiovascular disease (CVD) [51].

Besides the autonomic dysfunction in SCI, hypertension, HDL decrease, reduced 
exercise tolerance, platelet aggregation, obesity, and reduced venous return (due to 
decrease in sympathetic tone and a reduction in the muscular pumping action of the 
lower extremities) are some of the causes that lead to myocardial infarcts and diabe-
tes in elderly SCI individuals. Up to 75% of the SCI population are overweight or 
obese [52] and have adipose tissue deposited particularly around the abdomen, 
increasing the risk for developing CVD. Disruption of the autonomic nervous sys-
tem and from the normal cardiovascular control mechanisms also contributes to 
heightened cardiovascular risk, with changes to peripheral vasculature, blood pres-
sure abnormalities, heart rate variability, occurrence of cardiac arrhythmias, and a 
blunted cardiovascular response to exercise, limiting the capacity to perform physi-
cal activity [53].

Pulmonary Changes Following SCI, respiratory complications are the most 
common cause of death [54–57]. The spectrum of pulmonary complications fol-
lowing SCI includes respiratory failure, pneumonia, atelectasis, pulmonary 
thromboembolism, sleep apnea disorders, dyspnea, and dysphonia. But, what 
are the pathophysiological issues that are at the basis of respiratory problems in 
spinal cord injury? In these patients, the reduction in lung compliance was 
attributed to reduced lung volume and changes in the mechanical properties of 
the lung due to alterations in the surfactant, which can occur quickly with low 
lung volume ventilation [56]. The inefficiency of the respiratory system contrib-
utes to the risk of respiratory muscle fatigue, particularly during pneumonia 
and/or airway obstruction. During inspiratory resistive-loaded inhalation in tet-
raplegia, the causes of inefficiency during the inspiratory acts are due to the 
decrease of the lower transverse dimension of the rib cage; the diaphragm does 
not work close to its optimal length for the tension production. In complete C2 
SCI and below, there is a reduction of predicted vital capacity (VC) of 20–50%, 
inefficiency in ventilation, and markedly impaired cough, due to changes in 
lung compliance, chest-wall distortion, and impairment in both muscles of inha-
lation and exhalation.

Diminished pulmonary function can result from restrictive disease, obstructive 
disease, or a combination of these. In spinal cord injury (SCI), restrictive lung dis-
ease occurs as a result of respiratory muscle paralysis. The higher the level of SCI, 
the greater the restrictive impairment. Weakened muscles of inhalation prevent deep 
breaths, and some patients with quadriplegia may not sigh, leading to atelectasis and 
related gas-exchange and lung-compliance abnormalities. Dysfunctional muscles of 
exhalation cause impaired cough and secretion clearance (with associated atelecta-
sis), increase in airways resistance, and persistence of infection when it occurs [56] 
(see Fig. 39.2).

The development of kyphosis, scoliosis, or increasing spasticity can cause fur-
ther restrictive disease as the individual with SCI ages.
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Sleep apnea reportedly occurs in 40% of individuals with SCI. The frequency of 
obstructive sleep apnea increases with age. Of those individuals with SCI who expe-
rience sleep apnea, only 25% have been found to be obese. The long-term use of 
baclofen may be associated with the development of obstructive sleep apnea.

Neurological Changes The peripheral nervous system (PNS) acts as the trait 
d’union for communication between the central nervous system (CNS)/brain and 
the limbs, organs, and tissues of the rest of the body, transmitting signals to coordi-
nate actions. The reaction time which these signals coordinate the aforementioned 
actions seems to deteriorate during the aging process. In SCI individuals, there is 
little evidence to show that neither the PNS nor CNS prematurely declines in these 
people [58].

Neuropathic pain (NP) is common following SCI and can substantially reduce 
the person’s ability to function and their quality of life. Neuropathic pain typically 
occurs at the SCI level or below of the lesion being characterized by physical char-
acteristics such as temperature (e.g., hot, burning, sunburned, frostbitten) and elec-
tricity (e.g., an electric shock, tingling, stabbing, shooting pain). Pain can be apart 
from any external stimulus (rest pain) or can result from a stimulus that, under 
normal conditions, wouldn’t cause pain (allodynia), or pain can be excessive in 
response to a painful stimulus (hyperalgesia). The NP may be intermittent or con-
stant and may fluctuate in intensity. These symptoms may result from a reactive 
synaptogenesis changes in central neuronal function, altering thresholds of the pain 
response. The evaluation of neuropathic pain following SCI requires knowledge 
about spine biomechanics, spine neurophysiology, and differentiation between 
mechanical versus neuropathic origin of the pain. The underlying condition many 
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Fig. 39.2 Dysfunctional 
muscles of exhalation in 
SCI can cause respiratory 
failure
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times is not identified but sometimes may be due to syringomyelia, scar tissue, teth-
ering cord, unstable spine, posttraumatic cyst formation, and others. NP may be 
exacerbated by the weather change and at times by an unrelated disease or medical 
complications (e.g., renal stone, urinary tract infection, fecaloma). Patients are 
relieved to be informed that their pain need not reflect any active problem and need 
not cause them to curtail their activities. Indeed, an increased level of activity may 
decrease suffering [59]. Neuropathic pain can be exacerbated by many conditions, 
but there is no evidence to suggest that neuropathic pain increases with age [60]. 
Early onset of pain in people with SCI is a strong predictor of future pain. 
Approximately two-thirds of people with SCI experienced some form of pain, with 
one-third of these reporting severe pain [61]. People with pain related to their SCI 
are often unable to gain significant relief from pharmacological medications or have 
to discontinue their use due to side effects [61]. Psychosocial and environmental 
factors have been shown to play a key part in the experience of chronic pain in 
people with SCI [62].

Posttraumatic syringomyelia is a progressive enlargement of a cystic cavity (or 
syrinx), which originates at the site of injury in the spinal cord, and may also occur 
in people with SCI, causing neurologic deterioration [63]. Onset may take months 
to years after injury, being heralded by changes in neuropathic pain, or spasticity, 
deterioration in function with an ascending sensory loss with or without motor 
weakness, or, sometimes, autonomic symptoms such as increased sweating.

According to Young, spasticity (SPS) is a “velocity dependent increase in muscle 
tone with exaggerated tendon jerks resulting in hyper-excitability of the stretch 
reflex” in combination with other features of the upper motor neuron syndrome 
[43]. Furthermore, Young had divided the characteristic signs of upper motor neu-
ron damage in positive and negative. The positive ones include increase of muscle 
tone and tendon jerks, clonus, extensor stretch reflexes, and released flexor reflexes 
such as Babinski reflex. The negative ones are paresis, loss of fine motor control and 
loss of dexterity, increased fatigability of muscles, and hypotonia in early phase of 
upper motor neuron damage.

Clinically, spasticity causes resistance to passive motion of the limbs, exagger-
ated deep tendon reflexes, clonus, and involuntary co-contraction of muscle groups. 
SPS can follow complete and incomplete SCI. Usually SCI is immediately followed 
by a period of flaccidity, with spasticity developing over weeks. SPS has favorable 
effects as well as unfavorable. It can be used to assist with mobility, can improve 
circulation, and may be useful for decreasing the risk of deep venous thrombosis 
and osteoporosis. On the other hand, spasticity can interfere with positioning, 
mobility, and hygiene, and spasms can be painful. When making a decision to inter-
vene, one must take into consideration both the positive and the negative aspects of 
a patient’s spasticity and the degree and type of the patient’s spasticity.

According to our knowledge, there is no evidence to show the change of the 
symptoms of spasticity in SCI individuals during the years or a long-term effect of 
the treatment of spasticity.

Immediately after SCI, the presence of pain appears to be the best predictor of 
future pain, and this likely does not change significantly over time [64, 65].
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In general, there is a continued dearth of knowledge regarding the aging SCI 
nervous system.

Depression and Cognitive Functioning In people with SCI, depression affects 
the subject in different ways. It affects mood, ambition, outlook, problem solving, 
and energy levels. It works against wellness and health and against having a good 
quality of life. Individuals with SCI who are depressed often have more difficulty 
looking after themselves and managing their medical condition; they may have dif-
ficulty managing a correct diet, drinking sufficient water, taking care of their skin, 
taking medications, and posturing correctly on a wheelchair. Although depression is 
common among people with SCI, many people with SCI never experience an epi-
sode of depression. Aging with an SCI/D is more difficult for women. McColl [66] 
found that age, gender, and disability result in an excess of depression among older 
women with SCI. Krause [67] and co-workers suggested that minorities in SCI are 
at greater risk for depression, particularly minority women, but that education and 
income largely account for the elevated risk. This study also reported that individu-
als who were older at SCI onset, beginning with the ages of 30–39, were at greater 
risk for both presence of clinically significant symptoms of depression and major 
depression. They conclude saying that “symptoms of depression are highly preva-
lent after SCI and are related to aging, gender or ethnicity, and socioeconomic status 
indicators (education and income).” The older the individual at SCI, the more dra-
matic the adaptation required.

In response to aging with SCI, it is difficult to say that those who have lived the 
longest with SCI have experienced the higher levels of depression or if the onset of 
depression is consequent to the secondary conditions resulting from aging [8]. In 
our experience, working with SCI for a long time, like for the general population, 
behavior and emotion in response to an injury are a complex interaction of own 
personality, social/family support, level of education, and economic possibilities. In 
essence, every SCI, and every person with SCI, is different, and the coping mecha-
nism to the SCI seems to depend more to the social support of the individual, level 
of education, and economic support rather than his or her unique personality or his 
level of injury; currently, no one can accurately predict who or when one of these 
individuals will become depressed. Healthcare providers need to look out for the 
signs and symptoms of psychological stress and provide quality information and 
support to people in a time-appropriate manner. Recommendations for maintaining 
psychological health include maintaining social connections and being proactive 
within the community, doing physical activity, encouraging the uptake of a hobby/
activity, and making sure the person with SCI knows when to ask for help, should 
he need it.

Cognitive impairment following SCI is high and seems to reach 40–50% of SCI 
[68]. However, such deficits are frequently attributed to concomitant brain injury [69–
73] or to premorbid conditions such as poor intellectual or occupational functioning 
[74], previous brain injuries, alcoholism or drug abuse [69], low blood pressure [75], 
and psychiatric disorders. Some studies exploring cognitive functioning following SCI 
in the absence of the abovementioned conditions report deficits in processing speed, 
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learning, memory, and attention [71, 76]. When concomitant head injury is ruled out, 
one prominent explanation for such deficits involves secondary changes to brain orga-
nization or activity resulting from SCI [77]. Reactive depression has also been high-
lighted as a possible source of cognitive decline [78–80] and negative influence on 
cognitive performance [81]. Finally, recent research showing changes in spinal excit-
ability [82] and plasticity [83] during learning supports the possibility that decline in 
certain cognitive functions is linked to spinal cord damage directly. Kowalczyk et al. 
[84] demonstrated that the alterations found in motor function in cervical myelopathy 
secondary to degenerative disease and spinal cord compression are due not only to 
local effects of spinal compression but also to distal effects related to cortical reorgani-
zation and decreased N-acetylaspartate/creatine in the motor cortex. This study may 
shed light about some important changes that can happen with aging with 
SCI. Myelopathy secondary to degenerative disease in older individuals may well rep-
resent a model of aging with SCI. In this sense, changes in brain function that may 
occur may not only be a fruit of natural aging, but instead SCI and spinal cord compres-
sion can influence not only the spinal cord and its functions but also the brain function, 
determining a change in the reorganization of the cortical motor cortex.

Gastrointestinal Changes Bowel disturbances such as constipation, distension, 
abdominal pain, rectal bleeding, hemorrhoids, bowel accidents, and autonomic 
hyperreflexia occur in 27–62% of SCI patients. With the aging process, the SCI 
aggravates the dysfunctions of neurological intestine [85].
 (a) Dysphagia: This is present in 22.5–30% of patients with SCI and is related to 

age, to the presence of a tracheostomy, to the effects of mechanical ventilation 
[86], and to cervical spinal surgery (anterior approach). As a result, dysphagia 
can be the consequence of three pathological causes: (a) direct compression of 
the aerodigestive tract and associated nerves, as well as local inflammation that 
leads to mucosal edema, formation of adhesions, fibrosis, and cricopharyngeal 
spasms; (b) swelling of prevertebral soft tissue, due to repetitive mechanical 
trauma (i.e., dynamic constant movement of the pharyngo-laryngo-esophageal 
complex over a rigid structure/bony protuberance), causing a small movement 
of the pharyngeal wall, altered upper esophageal sphincter opening, incomplete 
epiglottic deflection, and a vallecular, piriform sinus and posterior pharyngeal 
wall food residue; and (c) presence of several anatomical structures at risk of 
damage during the anterior cervical spine surgery. Surgical procedures involv-
ing the cervical spine C3 or higher can lead to damages of cranial nerves glos-
sopharyngeal (IX) and hypoglossal (XII), while those made in the C3–4 region 
endanger the superior laryngeal nerve (SLN).

A deficit in the oral phase of swallowing points out a possible damage of 
cranial nerves hypoglossal and glossopharyngeal, compromising the propulsive 
action of the tongue. Weakened pharyngeal swallowing suggests disruption of 
pharyngeal plexus and the pharyngeal muscles, which can occur with injury to 
the SLN [87]. The vagus nerve, although normally protected by the carotid 
sheath during anterior cervical exposures, is vulnerable to retraction injury at 
any subaxial cervical levels.
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 (b) Pýrōsis or heartburn: This symptom is the result of incomplete upper esopha-
geal sphincter relaxation, while resting upper and lower esophageal sphincter 
pressures may be normal. Delay with gastric emptying (GE), recumbency posi-
tion, immobilization, and the use of certain drugs (such as anticholinergics and 
meperidine) predispose to pýrōsis. Heartburn may predispose some SCI patients 
to lung aspiration or “ab ingestis” pneumonia. Gastric emptying (GE) times 
increase directly with the higher level of the SCI and the increased duration of 
injury. Intravenous metoclopramide, a potent dopamine receptor antagonist 
with prokinetic properties, corrects impaired GE [88, 89].

 (c) Fecal impaction: This is a common GI complication in SCI [90, 92]. It is related 
to reduction of colonic mass movements and inability to use abdominal muscles 
to assist in defecation. Inadequate dietary fiber and water intake is the primary 
cause, but lack of mobility and the inability to use abdominal muscles in the aging 
population of SCI patients can predispose to this disorder more often. Constipation 
in complete SCI may also be related to previous urinary outlet surgery and the use 
of anticholinergic agents to manage the neurogenic bladder [88].

Patients may present with loss of appetite and nausea and are mistakenly 
given antinausea preparations, most of which have anticholinergic and consti-
pating properties. Liquid stool may pass around the blockage. Plain films of the 
abdomen show the feces and abnormal air patterns. Treatment involves digital 
disimpaction and proximal or distal washout and anal fragmentation of the 
hardened stool palpable in the rectum. At times manual disimpaction may be 
aided by the use of an anal retractor.

Oral solution of polyethylene glycol (PEG) solutions is used to soften or 
wash out proximal stool. Oral regimens vary from 1 to 2 L of PEG with electro-
lytes or 17 g of PEG 3350 in 120 to 240 mL of water every 15 min until the 
patient begins passing stool or eight glasses have been consumed [91]. This 
technique is contraindicated when a bowel obstruction exists.

Enemas and suppositories are used as distal softening agents. Most enema 
solutions contain water and an osmotic agent (one of such combinations con-
tains water, docusate sodium syrup, and sorbitol). When the impaction has been 
adequately treated, possible etiologies are explored. A total colonic evaluation 
(colonoscopy or barium enema) should be performed to reveal anatomic abnor-
malities (stricture or malignancy). Endocrine and metabolic screening, includ-
ing thyroid function tests, is also indicated [92].

When the abovementioned methods of fecal evacuation have failed, cis-
apride, a 5-HT4 serotoninergic agonist drug facilitating the release of acetyl-
choline at the myenteric plexus, can be used. Cisapride is able to increase 
gastrointestinal motility especially in the small intestine and colon, but one of 
its most feared adverse effects is the appearance of a long QT syndrome that can 
predispose the individual to torsades de pointes and often fatal arrhythmia (for 
that reason it has been taken off the market in the USA).

Neostigmine is a drug, which increases cholinergic tone by blocking the 
metabolism of acetylcholine by acetylcholinesterase and can be effective in the 
treatment of constipation. It was tested in combination with glycopyrrolate (an 
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anticholinergic agent that reduces bradycardia and bronchoconstriction caused 
by neostigmine) [93].

 (d) Megacolon: Although SCI age over 50 years presented an almost threefold 
increase in risk for the presence of megacolon, the origin of megacolon is not 
well understood. Two hypotheses seem to support the origin; the first is the 
acquired origin, and the second is the level of spinal cord injury.

In supporting the acquired origin hypothesis of megacolon, Harari and 
Minaker reported that, in the first 5 years of SCI, it is rare for the phenomenon 
of constipation to occur and a post-injury period of 10 years or more placed 
patients at an almost fourfold greater risk of having megacolon. This finding 
supports the abovementioned hypothesis, stating that the problem is acquired, 
possibly through degeneration or decompensation of smooth muscle in the 
intestine [94]. Following the paralysis of the peristaltic movements of the intes-
tine, the colon loses its shape acquiring an abnormal dilated form. Distressing 
symptoms such as prolonged and difficult evacuation, recurrent abdominal dis-
tension, and abdominal pain tend to develop, and standard treatments for con-
stipation become less effective. As the use of laxatives and suppositories 
increases, so does the incidence of bowel bloating, nausea, and fecal impaction, 
and as a consequence, the megacolon develops.

The second hypothesis finds its support studying the chronic SCI; some 
researchers believe that most likely the pathophysiological events responsible for 
the abnormal dilatation of the colon depend from the level of SCI [90, 94, 95].

Potential complications of megacolon in SCI are colonic volvulus, sigmoid 
volvulus following sigmoid colectomy, fecal impaction, autonomic dysreflexia, 
dyspnea, weight loss, malnutrition, feelings of anxiety, and loss of self-confi-
dence. The management from megacolon can end with surgical treatment, and 
the colostomy is the suggested treatment.

The Malone antegrade continence enema [96] is an operation whereby the 
appendix is brought out to the skin forming an appendicostomy. Through the 
small stoma, patients can introduce a catheter and administer an enema that 
washes out the colon and rectum. The overall success rate in patients with SCI 
who were dissatisfied with conservative treatment was very high (between 74 
and 87.5%). Complications occur in 12.5 and 67% of patients, including wound 
infection, small bowel obstruction, and stomal stenosis [96].

 (e) Hemorrhoids and colorectal carcinoma [96–98]: Hemorrhoids are prevalent in 
those SCI individuals who strain and use suppositories, enemas, or chemical 
stimulation for bowel management; hemorrhoidal bleeding occurs in up to 
76% of patients, in particular in those who use digital stimulation. Conservative 
therapy, banding, and sclerotherapy of hemorrhoids reduce bleeding and/or 
symptoms [97].

Colorectal carcinoma when discovered is more advanced in SCI than in non- 
paralyzed subjects, and morbidity after surgery may be higher [98]. A delay in 
diagnosis may occur since the distension, constipation, and pain may be attrib-
uted to GI complications of SCI; in addition, the difficulty of bowel preparation 
in these patients may result in an avoidance of screening colonoscopies.
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 (f) Gallstones: Gallstones or complications from previous cholecystectomy occur 
in 17–31% of SCI patients [99, 100], some of whom have risk factors such as 
diabetes, obesity, and/or family history of gallbladder disease [99]. The reason 
for the increase in gallstones in SCI is unknown, but different reasons are sus-
pected. Some researchers have reported an impaired gallbladder filling due to 
impaired gallbladder relaxation in SCI lesions above T5. Others implicate the 
gastroduodenal and colonic motility disorders seen in these patients [101], with 
altered bile acid and impaired biliary lipidic secretion [102].

Acute acalculous cholecystitis presents with a right upper quadrant mass, 
steady fever, tachycardia, and cholestasis. Predisposing factors include narcot-
ics use, mechanical ventilation with positive end-expiratory pressure, and 
hyperalimentation. Complications include a gangrenous gallbladder and the 
presence of an inflammatory mass [103].

In any case, it is not easy to make diagnosis of gallbladder disease in SCI 
individuals, due to sensory and motor impaired functions. Symptoms and signs 
of gallbladder disease may be atypical or even absent so that pathologic pro-
cesses are often advanced at diagnosis.

Endocrine and Metabolic Changes The rate of diabetes has been reported to be 
higher in SCI patients than in the general population. In SCI individuals, the predis-
position to carbohydrate (diabetes mellitus type 2) and lipid abnormalities is thought 
to be largely a consequence of extreme inactivity (paralysis and immobilization), 
and the constellation of metabolic findings (i.e., growth hormone deficiency, testos-
terone deficiency) appears to occur prematurely in persons with SCI.

Some studies suggested that serum insulin-like growth factor 1 levels are impaired 
in persons with SCI compared to the population, and this may be a sign of premature 
aging (Level 5 evidence) [107]. Glucose tolerance is lower after SCI, and diabetes 
mellitus occurs prematurely in men with SCI (Level 5 evidence) [104]. Bauman 
reported that after oral glucose tolerance testing (OGTT) in SCI patients, 38% of 
those with quadriplegia and 50% of those with paraplegia had normal OGTT. Twenty-
two percent of SCI patients were diabetic according to the criteria established by the 
World Health Organization (WHO). Bauman also found abnormally decreased levels 
of human growth hormone and testosterone in individuals with SCI. Low levels of 
these hormones can result in a reduced capacity for cellular repair and a reduced 
capacity for maintaining lean muscle mass and strength. In addition, low levels of 
these hormones can prolong healing and soft tissue repair following injuries [105]. 
Low levels of testosterone are due to a dysfunction in the hypothalamic-pituitary-
testicular axis, which in the general male population can lead to decreased libido, 
impotence, insomnia, fatigue, hot flushes, poor memory, anxiety, depression, and 
irritability [106].

Some experts reported that persons with SCI have higher levels of fat mass and 
experience significantly faster rates of age-related declines of lean tissue (Level 5 
evidence) [110].
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Lipid abnormalities, especially a depressed serum HDL-cholesterol concentra-
tion with or without elevated serum triglyceride values, may be present in associa-
tion with impaired glucose tolerance and/or diabetes mellitus [107].

Musculoskeletal Changes (see Table 39.5) (a) Muscles: Regardless of the level 
of SCI, during the aging process, the muscles lose strength, the motor gesture and 
posture fail, the body loses coordination and balance control, and joint capsules may 
tighten and lose flexibility consequently and can develop contractures. As a result of 
immobilization, muscle fibers and connective tissues are maintained in a shortened 
position; they adapt to the shortened length (by the contraction of collagen fibers 
and a decrease in muscle fiber sarcomeres); moreover, loose connective tissue in 
muscles and around the joints gradually changes into dense. Kern et al., Carraro 
et al., Camagnini et al., Protasi et al., and Cerrel Bazo et al. [25–28] have shed light 
on the main factors inhibiting muscle recovery after an SCI in paralyzed limbs. 
Lean muscle mass is lost and is replaced with adipose tissue in SCI patients 
[25–28].
 (b) Pain: Chronic musculoskeletal pain, a type of nociceptive pain, may occur with 

abnormal posture, gait, and overuse of structures such as the arm and shoulder. 
For example, using a manually operated wheelchair increases the risk of devel-
oping shoulder pain; carpal tunnel syndrome and ulnar nerve entrapment at the 
cubital tunnel and Guyon canal are also seen. Muscle spasm pain is often seen 
in patients with incomplete SCI [108–111].

Table 39.5 Musculoskeletal changes in spinal cord injury individuals

Musculoskeletal changes

Muscles Lose strength, lean muscle mass, decreased muscle fiber size, reduced 
number of myofibrils, reduced concentration of mitochondrial enzymes, 
and reduced number of the excitatory-contractile structures

Pain Musculoskeletal pain, nociceptive pain, overuse of shoulder-arm-wrist 
joints and shoulder-arm-wrist pain. Carpal tunnel syndrome and ulnar 
nerve entrapment. Upper extremities degenerative joint diseases,  
rotator cuff tears, rotator cuff tendinitis, subacromial bursitis, and 
capsulitis

Osteoporosis Decreased osteoblastic activity associated with a dramatic increase in bone 
degradation. Disuse bone loss (distal to the neurological level of injury). 
Neural lesions and hormonal changes also seem to be involved in this 
process

Bone fractures Loss of bone biomechanical strength
Biosynthesis of a structurally modified matrix unable to sustain normal 
mechanical stress

Skin and soft 
tissue

Thinning of the subcutaneous tissues over weight-bearing surface, thinning 
of the skin, and a loss of elasticity. The aging-related decrease in muscle 
mass and vascularity may reduce the tolerance of aged skin to breakdown. 
Difficulty healing once a pressure sore has developed
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Visceral pain is a less distinct category of SCI-related pain. It arises from 
damage, irritation, or distension of internal organs. This type of pain is reported 
in 15% of patients with chronic SCI [108, 109]. Older people with dementia, 
other forms of cognitive impairment, or severe mental illness may not be able 
to communicate effectively about pain. In such cases, it is important to attend to 
nonverbal communication and behaviors including altered interpersonal inter-
actions, changes in activity patterns or routines, mental status changes, and 
physiological changes.

Subbarao and colleagues reported that more than 70% of individuals with 
chronic SCI suffered pain in their upper extremities [112]. Pain has been 
reported to increase with time after the onset of the injury and is more common 
and severe in older individuals. The most common overuse syndromes causing 
pain in the upper extremities are degenerative joint diseases, rotator cuff tears, 
rotator cuff tendinitis, subacromial bursitis, and capsulitis [113]. Most of SCI 
patients require some sort of pain treatment or modification of their activities at 
some point of life. Activities that commonly contribute to overuse are transfers, 
wheelchair pushing, pressure releases, movements that require sustained arm 
positions above-shoulder level, and crutch walking in individuals with incom-
plete SCI.

It is critical, therefore, to consider joint and limb preservation strategies even 
in the initial phases of rehabilitation training because, by the time shoulder pain 
is severe enough to cause dysfunction, it may be too late to reverse it and the 
functional losses associated may become permanent [114].

 (c) Osteoporosis and bone fractures: In patients who have a complete SCI, bone 
loss develops distal to the neurological level of injury.

The pathogenesis of osteoporosis after SCI is generally considered due to 
disuse; however, neural lesion and hormonal changes also seem to be involved 
in this process. Uebelhart [115] believes that osteoporosis in the spinal cord 
injury subjects is a matter of decreased osteoblastic activity associated with a 
dramatic increase in bone degradation. The development of a rapid and severe 
osteoporosis is only observed in the paralyzed part of the body, and the peak of 
this severe process of bone loss reaches the plateau 6–9 months after the onset 
of the SCI. Garland et al. corroborate in some ways the results from Uebelhart 
in a study performed in women with SCI. They found the bone mineral density 
in the spine either was maintained or was increased in relation to the time since 
the injury. The bone mineral density in the hips of the injured patients initially 
decreased approximately 25%; thereafter, the rate of loss was similar to that in 
the control group. The bone mineral density in the knees of the injured patients 
rapidly decreased 40–45% and then further decreased only minimally [116]. 
This finding is unlike that seen in healthy women, in whom bone mineral den-
sity decreases with age. Osteoporosis in aging with SCI is still controversial, 
and still further investigations are necessary to elucidate the problem.

The loss of bone biomechanical strength and the biosynthesis of a structurally 
modified matrix, which is unable to sustain normal mechanical stress, increase 
dramatically the risk of fractures. Clinically, the majority of pathological fractures 
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in patients with SCI occur in the knee [41, 117–119]. Supracondylar fracture of 
the femur was so prevalent in the series reported by Comarr et al. that they termed 
it “the paraplegic fracture” [117]. Pharmacological treatment with diphospho-
nates has been proposed, and some timid results in preventing bone loss have 
been obtained. Further studies will need to elucidate long-term treatment results 
in early onset and in elderly SCI. The benefit of non- pharmacological treatment 
methods such as standing up, orthotically aided walking, weight-bearing physical 
exercises, functional electrical stimulation, and pulsed electromagnetic field is 
controversial. Risk factor modification such as reducing caffeine intake and 
tobacco or alcohol use and increasing calcium intake and vitamin D levels can be 
helpful.

 (d) Soft tissue changes: Body composition changes can be summarized as a loss of 
lean muscle mass and an increase percentage of body adipose tissue that occurs 
as a function of time. Most SCI subjects experience weight gain that increases 
with time and that eventually results in a level of obesity that puts significant 
limitations on the patients’ functional capabilities. Furthermore, as a result of 
aging, SCI subjects experience a loss or thinning of the subcutaneous tissues 
[120] over weight-bearing surfaces (the buttocks), and this results in loss of 
elasticity. Soft tissue changes associated to the aging-related decrease in muscle 
mass and vascularity may reduce the skin tolerance of aged skin to pressure and 
shearing forces leading to the development of pressure ulcers: skin is more 
subject to breakdown and difficulty in healing once a pressure sore or decubitus 
ulcer has developed [14, 105, 121, 122].

Functional Decline The literature suggests that persons with SCI may be more sus-
ceptible to earlier age-related functional declines when compared to the able- bodied 
(AB) population [123]. Adkins reported that SCI results in physiological and func-
tional changes and potentially accelerates bodily declines at approximately the time 
of injury, after which the effect of aging is said to proceed at a normal rate [124].

Menter and Hudson [3] have developed a model of aging that predicts the func-
tional decline of individuals and allows us to determine when these changes may 
occur. Immediately following the SCI onset, the individual incurs on a phase of 
maximum invigoration and acquires capable function for ADL allowed by the level 
of SCI and neurological recovery, maximizing the functional potential through 
rehabilitation. This phase is call acute restoration and lasts approximately 1 ½ year; 
this stage is followed by the maintenance phase or plateau. SCI may reach a sym-
biosis between capacities and functional activities and the vestiges from disability; 
this period may last for many years. A functional decline phase may follow in which 
overuse, physiological, and degenerative changes of age may present.

After having evaluated individuals with SCI of at least 15 years, Cushman and 
Hassett [8] found that 93% had experienced a decline in functional status by the 
time of the first evaluation. According to Kempt (Long-Term Outcome with 
Disability, Rancho Los Amigos Seminar, 1998), individuals of age 55 years at the 
onset of their SCI may only have 5–7 years of relatively stable functioning status 
prior to experiencing a decline.
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It has been reported by Liem et al. [125] that constipation, pressure ulcers, female 
gender, and years post-injury were associated with the need of more aid with the 
activities of daily living (ADLs). There was a 42% increased odds of needing more 
help with ADLs per decade after SCI. In females SCI, the higher rates of divorce, 
separation, and single (remaining) mean that they are more likely than men to 
receive personal care from an attendant [67].

Regarding the functional outcome of a person with SCI, many factors will come 
together to determine which patients will bloom or will be prostrate by the chal-
lenges of SCI/D. Certainly, proper medical care, physical therapy, occupational 
therapy, recreational therapy, vocational rehabilitation, nursing care, sufficient fam-
ily, friends and community resources facilitated by social work, and direct and indi-
rect interventions by psychologists will make a major impact on outcomes.

Another aspect to be reckoned with is the interaction between the patient’s own 
developmental strengths and his/her vulnerabilities, the significance that the SCI 
holds for the individual, influencing readiness to accept our interventions and the 
ability to realize their own potential following injury or disease.

In conclusion, the aging process and the influences of SCI over it should be taken 
under account when planning SCI rehabilitation in the elderly. Besides the above-
mentioned difficulties, personal adversities in coping with the injury and dissatis-
faction with life will decrease the possibilities of good living. This limits the “sick” 
old SCI patient (in addition to the young) to return home and reintegrate into soci-
ety, increasing, at the same time, medical and social costs of our society.

Key Points
• Traumatic SCI is less frequent in older patients, and non-traumatic SCI 

usually involves an underlying organic disease.
• Clinical course of spinal cord injury (SCI) patients depends on age at onset 

of the spinal injury, CIR (cumulative illness rating), and incompleteness of 
the SCI: the more the age of onset is earlier, the lower the CIR, and the 
better the motor index return due to the incompleteness of the injury, the 
better will be the functional result after rehabilitation.

• Several organs are affected by degenerative and pathological changes after 
SCI, and respiratory complications are the most common cause of death.

• Physical capability and functioning after SCI may follow three phases: (1) 
the acute functional restoration, (2) the maintenance phase, and (3) the 
functional decline.

• Older adults may have premorbid medical conditions associated and fre-
quently show worst outcomes if not appropriately and timely treated.

• The vast majority of young and/or seniors with SCI can become sedentary 
on a wheelchair, not participating much in physical and social activities. 
Proper medical multidisciplinary treatment associated to patient’s cogni-
tive and socioeconomic status, environmental support, and willingness to 
overcome his condition largely impact on SCI outcomes.
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40Peripheral Neuropathies 
and Rehabilitation of Older Patients

Chiara Briani and Luca Padua

40.1  Introduction

Aging is associated with an increased incidence of peripheral neuropathy, with con-
sequent gait impairment and increased incidence of falls. A recent prospective 
population- based study showed that the prevalence of polyneuropathy in the general 
middle-aged and elderly population is at least 4% and increases with age [1]. The 
most common causes of neuropathy in elderly are idiopathic, diabetic, iatrogenic 
(mainly secondary to chemotherapy), or due to nutritional deficiencies.

A systematic review by Ward et al. including eight epidemiologic studies (six 
cross-sectional and two longitudinal) in older adults showed that abnormal sensory 
and motor peripheral nerve function not only is associated with reduced lower limb 
motility and general mobility but is also predictive of poor physical function and 
disability [2].

It has been calculated that almost one-third of people >65 years complain of 
sensory symptoms due to neuropathy [3] and this is associated with greater morbid-
ity and mortality [4].

Physical rehabilitation is frequently recommended in patients affected with 
peripheral neuropathy, although evidence-based efficacy is lacking. In the only 
Cochrane review on exercise in patients with peripheral neuropathy, which included 
any randomized or quasi-randomized controlled trial comparing the effect of exer-
cise with no exercise therapy or drugs or nondrug treatment on functional ability, it 
resulted that there is inadequate evidence to evaluate the effect of exercise on 
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functional ability in people with peripheral neuropathy [5]. Also a review on physi-
cal rehabilitation for critical illness myopathy and neuropathy has found no proper 
studies to be considered [6].

The main reasons accounting for the scarce evidence-based data are likely the 
absence of standardized rehabilitation protocols and the lack of proper, reliable, and 
sensitive outcome measures. Moreover, the heterogeneity of the neuropathies, the 
common presence of comorbidities in older patients, the natural course of the neu-
ropathy, and the physiological aging are all concurrent factors that make it difficult 
to identify specific rehabilitative programs and outcome measures sensitive to 
changes.

Keeping in mind these limitations, we will address the role of rehabilitation in 
the most common neuropathy with known cause, that is, diabetic polyneuropathy, 
and other peripheral nervous system disorders for which sound studies are available 
in the literature.

40.2  Diabetic Neuropathy

Despite diabetes mellitus is the most common cause of peripheral neuropathy 
worldwide, no evidence-based data are available for rehabilitative programs in dia-
betic peripheral neuropathy.

A recent systematic review [7], which included patients with different causes 
of neuropathy besides diabetes, identified 11 studies (seven randomized con-
trolled trials, four controlled clinical trials), most of them performed in older 
diabetic patients with peripheral neuropathy. Oxford levels of evidence and cor-
responding grade of recommendation were provided for each considered study. 
The authors concluded that balance training appears to be the most effective 
exercise intervention and also endurance training is important especially in dia-
betic neuropathy, helping also glycemic control and body weight. A further small 
uncontrolled study (12 weeks of moderate or intense aerobic exercise) in diabetic 
patients with and without neuropathy showed improvement in gait, reaction time, 
and postural stability in older adults with type 2 diabetes [8]. However, the small 
size of the study and the lack of an age-matched control group limit the power of 
the data.

Moreover Davies et al. performed a systematic review on the role of physical 
activity and psychological coping strategies in the management of painful diabetic 
neuropathy [9].

Of 1306 studies identified, only 4 (2 investigating physical activity and 2 inves-
tigating psychological coping) were considered. However, the studies enrolled 
small sample size and applied different outcome measures. The lack of blinding was 
a further limitation.

Concerning pain and generally symptoms due to diabetic neuropathy, physical 
therapy and especially transcutaneous electrical nerve stimulation (TENS) appear 
useful in two meta-analyses showing reduction of pain. Both studies concluded that 
large multicenter RCTs are needed to evaluate the long-term effect of TENS [10, 11].
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40.3  Chemotherapy-Induced Peripheral Neuropathy (CIPN)

Chemotherapy-induced peripheral neuropathy (CIPN) is a major and potentially 
dose-limiting adverse event of several chemotherapeutic agents. CIPN is charac-
terized by distal symmetrical numbness, tingling, paresthesias, dysesthesias, 
pain, and/or weakness which significantly impact functionality and quality of life 
(QoL).

Streckmann et al. performed the first RCT focused on balance control and 
polyneuropathy in cancer patients. The study was a prospective, single-center, 
two- armed, open randomized, controlled trial on 61 lymphoma patients with 
CIPN who underwent a 36-week exercise (sensorimotor, endurance, and strength 
training) rehabilitation protocol [12]. The patients had a wide range of age (20–
67 years), and old patients were also included. The primary end point of the 
study was the improvement of QoL. Secondary end points included balance 
control on static and dynamic surface, movement coordination, endurance, 
strength, and therapy side effects. The results of the study showed that exercise, 
especially sensorimotor training, improved patients’ QoL, balance control, and 
general physical performance and reduced limitations secondary to side effects 
of chemotherapy.

 Conclusions
Despite the lack of evidence-based data to support specific rehabilitative pro-
grams in old patients with peripheral neuropathy, still physical exercise has a 
general positive role in patients’ well-being and motility. The primary aim of the 
rehabilitation scientific world should be an adequate planning of prospective 
controlled trials in order to identify not only specific rehabilitative programs but 
also reliable outcome measures.

Finally, technological rehabilitation is a new and stimulating field with prom-
ising tools, as virtual reality and robotics [13–15]. Besides the demonstration of 
the efficiency of this approach, it is necessary to check the safety of these tools 
considering the clinical features and fragilities of old patients.

Key Points
• Peripheral neuropathy is common in elderly and may contribute to 

increased incidence of falls.
• Physical rehabilitation is frequently recommended in patients with periph-

eral neuropathy, although evidence-based efficacy is lacking and proper 
outcome measures are missing.

• Balance and endurance trainings seem to be effective exercises in diabetic 
neuropathy.

• Virtual reality and robotics are new tools that might help rehabilitative 
programs, provided that efficiency and safety are proved in old, and often 
fragile, patients.
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41Rehabilitation of Older Patients 
with Mental Disorders
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and Giovanni Iolascon

41.1  Brain and Ageing

The effects of ageing on the brain and cognitive functions can cause significant impair-
ment affecting autonomy and quality of life (QoL) of older people [1].

41.1.1  Pathology

It has been widely shown that brain volume and weight decrease with age at a rate 
of about 5% per decade after the age of 40 [2], with a decline rate that increases with 
ageing, particularly after 70 years old [3]. Neurons’ death is often the main cause of 
reduced grey matter [4]. However, also a deterioration of white matter can occur in 
people over 40 years, particularly involving the frontal lobe [5].

These anatomical and histological findings are associated with impaired brain 
functions, such as memory (the ability to encode, store and retrieve information), 
learning, specific motor, coordination and balance functions.

Many factors may influence the ageing brain, such as genetics, neuroendocrinol-
ogy, lifestyle and nutrition, as well as social and cultural milieu [1].
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41.2  General Definitions and Epidemiology of Mental 
Disorders in the Elderly

Mental disorders are defined as psychiatric illness or diseases manifested by break-
downs in the adaptational process expressed primarily as abnormalities of thought, 
feeling and behaviour producing either distress or impairment of function. Dementia, 
delirium and major depression are the most commonly diagnosed psychiatric condi-
tions in elderly.

According to DSM-5, delirium and dementia are neurocognitive disorders 
(NCDs). NCDs include conditions characterized by acquired primary cognitive 
impairments, such as Alzheimer’s disease, vascular dementia, Lewy body dementia, 
Parkinson’s disease dementia, frontotemporal dementia, post-traumatic dementia 
and other less common types of dementia.

However, cognitive impairment could be present as a complication of many, if 
not all, mental disorders [6].

Diagnostic criteria of NCDs include the decline in one or more cognitive domains 
(attention, execution, learning and memory, speech, perception). To be defined as 
major, cognitive impairments have to be documented through specific neuropsycho-
logical assessment tools and have to interfere with the activities of daily living 
(ADLs) [6].

The term dementia is used to define the major NCD with a degenerative aetiol-
ogy that mainly affects older people; when the same symptoms are present in young 
individuals as a complication of a traumatic brain injury or HIV infection, we prefer 
to use the general term NCD [6].

41.3  Dementia: Definition and Epidemiology

Dementia is one of the most relevant global health problems, considering its high 
prevalence and huge burden in terms of disability and mortality. It was estimated 
that over 44 million of individuals worldwide are affected by this condition and it is 
expected that this number will grow to more than 135 million in 2050, as a result of 
the ageing population [7].

In senile dementia (>60 years of age), the major causes are in the 60% cases of 
Alzheimer’s disease and in the 15–20% cases of vascular dementia or Lewy body 
disease (LBD). Other less common type of dementia are Parkinson’s dementia, sec-
ondary to multiple sclerosis and AIDS Huntington’s disease, Korsakoff’s syndrome 
and Creutzfeldt-Jakob disease (CJD) are even less frequent [8].

41.4  Diagnosis and Assessment

Accurate clinical diagnosis of dementia and its underlying causes is crucial for the 
prognosis and the pharmacological and rehabilitative management. The cognitive 
manifestations of dementia can be detected by neuropsychological assessment, with 
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specific batteries that are based on a combination of instruments assessing cognitive 
and behavioural functions. The process should examine the three functional systems 
determining behaviour: cognition, emotion and executive functions.

In addition to patient history and functional and cognitive evaluation, biohum-
oural and neuroimaging assessments might give interesting information.

41.5  Delirium: Definition and Epidemiology

Delirium is a transient reversible cerebral dysfunction clinically characterized by 
clouding of consciousness with fluctuating attention and a wide range of neuropsy-
chiatric abnormalities [6]. This condition is very common in frail institutionalized 
older persons with a prevalence of 10–30%, growing up to 70–80% in patients in an 
intensive care unit (ICU) [9].

The presence of delirium causes a significant increase of risk of complications, 
prolonged hospitalization and mortality, with a consequent impact on health-care 
costs [10].

41.6  Diagnosis and Assessment

The DSM-5 suggests that diagnosis of delirium requires the presence of the follow-
ing criteria [6]:

• Disturbances of attention: impairment in the ability to direct, focus, sustain and 
shift attention

• Disorder of awareness: reduced orientation to the environment or at times even 
to oneself that develops over a short period and tends to fluctuate during the 
course of the day

• Cognitive impairments, such as memory deficit and language alterations
• Perceptual disturbance, including misinterpretations, illusions or hallucinations

All abovementioned impairments should be attributed to general medical condi-
tion, intoxication, drug use or more than one cause.

The gold standard for the screening of delirium is the Confusion Assessment 
Method (CAM) that is a structured interview investigating the main clinical issues 
of delirium, such as acute change in mental status with fluctuating course (1), atten-
tion deficit (2), disorganization of thought (3) and consciousness impairment (4). 
The presence of both impairments 1 and 2 and at least one of the other two suggests 
the diagnosis of delirium.

Lipowski proposed three subtypes of delirium depending on the psychomotor state: 
hypoactive, hyperactive and mixed, the first one showing the worst prognosis [11].

It has been suggested that the physiopathology of delirium depends on several 
factors, such as disruptions of neurotransmission, inflammation or acute stress 
responses.
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According to current data, the management of delirium requires the use of anti-
psychotics and non-pharmacological approaches.

Early diagnosis and treatment of modifiable factors, such as malnutrition, dehydra-
tion, insomnia and immobilization, would prevent the development of delirium [12].

41.7  Depression: Definition and Epidemiology

Depression is an affective disorder characterized by either a dysphoric mood or loss 
of interest or pleasure in usual activities. The presence of a sad, empty or irritable 
mood or somatic and cognitive impairments affecting the functional performance is 
a common finding of a depressive disorder [13].

Major depression is characterized by episodes lasting 2 weeks or more with sig-
nificant mood, cognitive and neurovegetative changes. This condition has a preva-
lence of 10–20% [14] and is one of the main causes of disability, considering that 
40.5% of the total disability-adjusted life years (DALYs) due to mental disorder and 
drug abuse is attributable to major depressive disorder (MDD) [15].

41.8  Diagnosis and Assessment

The DSM-5 recently proposed new criteria to make diagnosis of MDD. At least five 
of the following symptoms during a 2-week period must be present: depressed mood, 
anhedonia, significant weight change or appetite disturbance, sleep disorders, psy-
chomotor agitation or retardation, fatigue, feelings of worthlessness, loss of concen-
tration, indecisiveness and recurrent thoughts of death or of suicidal ideation with or 
without a specific plan [13]. One of the symptoms must be either the depressed mood 
or the loss of interest or pleasure in almost all activities (anhedonia).

In older people, the gold standard for the assessment of depression is the original 
version of the Geriatric Depression Scale (GDS) that consists of 30 items, but sev-
eral short versions of this screening tool are also available The treatment of the acute 
phase may include pharmacotherapy, psychotherapy, the combination of medica-
tion and psychotherapy or other treatments such as electroconvulsive therapy (ECT) 
or transcranial magnetic stimulation (TMS) and light therapy.

41.9  Physiatric Approach to Mental Disorders in the Elderly

The physiatric approach is by definition holistic and patient-centred. This approach 
is ideal for an elderly patient with mental disorders. The first step in the formulation 
of the rehabilitation plan is the rehabilitative diagnosis aimed to identify and quan-
tify the patient’s functional alterations. In view of the chronic progressive and irre-
versible deterioration of the demented, the rehabilitative approach depends on the 
clinical phase of the dementia.
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41.10  Dementia

Onset and progression of dementia are highly variable and depend on the aetiology. 
NCDs are also characterized by the presence of functional limitation in ADLs and 
neuropsychiatric symptoms, such as euphoria, disinhibition, hallucination or agita-
tion. In the analysis of the different components of functional status of the patients, 
we should perform first the analysis of cognitive and non-cognitive impairments, 
then the assessment of functional limitation in ADLs and in the end the evaluation 
of the level of social participation and QoL.

41.11  Cognitive Impairments in Dementia

Dementia is characterized by multiple cognitive impairments due to the involve-
ment of many areas of the brain, but memory and executive function deficits repre-
sent a dominant part and their progressive worsening defines the progressive stages 
of the disease (Table 41.1).

Executive functions are controlled by the frontal cortex; thus, the decrease of 
volume and function of this region explains the reduction of these functions. 
Language comprehension, especially of complex texts, is based on working mem-
ory, and this decreases in the elderly due to the brain atrophy of hippocampus, a 
structure of the medial temporal lobe involved in memory formation [17].

In dementia usually there is an alteration of memory or orientation functions 
associated with at least one of the following impairments: language, perception, 
attention, apraxia, problem-solving and abstract thinking.

41.12  Neuropsychological Assessment and Rehabilitation

The neuropsychological rehabilitation is the branch of the rehabilitation medicine 
that aims to rehabilitate cognitive impairments and the resulting limitations in daily 
living activities and social participation in patients suffering from disorders of the 
central nervous system.

Table 41.1 Clinical features of dementia according to disease stages

Dementia MCI Moderate Severe End stage
Memory loss Short term Most short term and 

some long term
Most short and 
long term

Almost all short and 
long term

Functional loss IADLs Most IADLs and some 
basic ADLs

Basic ADLs Bed bound

Adapted from [16]
Abbreviations: MCI mild cognitive impairment, IADLs instrumental activities of daily living, 
ADLs activities of daily living
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The neuropsychological rehabilitation is based on a preliminary assessment con-
sisting in a battery approach, which involves tests of a variety of cognitive ability 
area, such as memory, attention, processing speed, reasoning, judgement, problem- 
solving and spatial and language functions.

The main steps of the neuropsychological evaluation are the collection of medi-
cal history, the clinical interview with the patient and family members, administra-
tion of cognitive and functional assessment instruments, analysis and interpretation 
of the results from the tests and preparation of the report aimed at the construction 
of an individual rehabilitation plan.

The Mini-Mental State Examination (MMSE) is a very useful tool for analysing 
the general framework of cognitive impairment in a patient suffering from mental 
illness, particularly in dementia [18]. A viable alternative to the MMSE in the pri-
mary care setting can be the administration of the clock-drawing test (CDT) and the 
Mini-Cog test. The CDT is performed by giving the patient a sheet of paper with a 
large (relative to the size of handwritten numbers) pre-drawn circle on it and instruct-
ing the patient to draw numbers in the circle to make it look like the face of a clock 
and then draw the hands of the clock to read “10 after 11”. The score ranges from 1 
to 6 with higher scores reflecting a greater number of errors and degree of impair-
ment. A score of ≥3 represents a cognitive deficit, while a score of 1 or 2 is consid-
ered normal [19]. The Mini-Cog test is a 3-min instrument to screen for cognitive 
impairments in older adults in a primary care setting. The Mini-Cog uses a three-item 
recall test for memory and a simply scored clock-drawing test (CDT). It is as effec-
tive as or better than established screening tests and faster than the Mini- Mental State 
Examination. It detects many people with mild cognitive impairment (MCI).

41.13  Functional Assessment

In a hospital setting, the functional assessment of patients with dementia is gener-
ally performed by administering the Barthel Index (BI), which is one of the most 
widely used rating scales for the measurement of activity limitations in patients with 
neuromuscular and musculoskeletal conditions.

For outpatient, functional status assessment begins with a review of the two key 
divisions of functional ability: ADLs and instrumental activities of daily living 
(IADLs). The two instruments for assessing ADLs and IADLs, respectively, are the 
Katz ADL scale and the Lawton IADL scale.

41.14  Pharmacological Therapy in NCDs

An appropriate drug therapy of NCDs requires the knowledge of the disease 
aetiology.

Medications can revert the underlying cause of dementia in only a small percent-
age of cases (potentially reversible dementia). Generally, drugs can only slow the 
course of an irreversible dementia, such as the tacrine in Alzheimer’s disease, or 
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prevent worsening of the disease, such as aspirin for vascular dementia. Psychotropic 
drugs could revert depression or behavioural symptoms associated with dementia.

In irreversible forms of dementia, the treatment focuses on maximizing the resid-
ual functions of the patient, to restore some of the lost functions and to educate and 
support the family and caregivers [20].

41.15  Rehabilitation of Dementia

The global outcome of the individual rehabilitation plan (IRP) for the patients 
affected by NCDs is to keep him/her autonomous and safe in the execution of ADLs 
and IADLs for as long as possible. In the early stages of the disease, it was observed 
that learning is possible by giving appropriate support, leading to the hypothesis 
that cognition-based interventions, including reality orientation therapy (ROT) and 
non-specific cognitive training, could exert beneficial effects [21].

Four rehabilitative approaches for the people with dementia were described [22]:

• Reality orientation and skills training approaches
• Emotion-oriented approaches
• Behaviour-oriented approaches
• Stimulation-oriented approaches

The first approach aims to address cognitive deficits, whereas the other three aim 
to maximize patients’ mood and to reduce the impact of behavioural problems, such 
as aggression or incontinence.

The ROT aims to improve orientation and behavioural skills through cognitive 
activities and interpersonal and social interactions, combined with the use of aids 
and facilities to assist in encoding, storing and retrieving information. With repeated 
multimodal stimulation (music, visual, verbal), the ROT could reinforce the patient’s 
information about his/her personal history and space/time orientation. The ROT was 
designed from Folsom in 1958 and later developed by Taulbee and Folsom in the 
1960s as a rehabilitation approach targeted to patients confused or with cognitive 
impairments [23]. In particular, the interventions aimed to reorientation in time con-
sists of stimulating memory skills through the use of writing supports to encode/
retrieve data about the day, month and year, or holidays, or other meaningful events 
in patients’ life; spatial reorientation is preferentially obtained by stimulating the 
encode/retrieve of meaningful meeting place for patients, using verbal cues to rein-
force memory. Moreover, several aids, such as digital watches with 24-h dial, spe-
cific signs placed in various rooms (e.g. bathroom, kitchen, bedroom, etc.) for 
orientation around house, should be useful in order to enhance encoding/retrieving 
activities.

During a session of ROT, the therapist repeatedly presents basic personal and 
current information to each patient beginning with the patient’s name, where he or 
she is and the date. When the patient has relearned these basic facts, others are pre-
sented such as age, home town and former occupation [22]. Generally ROT is 
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applied as a group therapy (4–6 patients with similar cognitive impairment), where 
caregivers are trained to give treatment at home. The number and duration of ses-
sions are variable, ranging from 45 to 60 min for two to four times a week [24].

In addition to this formal modality, an informal ROT approach is required, consist-
ing of the introduction of temporal and spatial facilities in the patient’s environment 
with the involvement of caregivers and/or family members. The best candidates to 
ROT are patients with mild to moderate cognitive impairment, without sensory and/or 
behavioural disorders that may affect compliance to rehabilitation programmes.

Skills training aims to help patients to improve cognitive functioning, albeit only 
temporarily, in an attempt to stop or slow cognitive decline. The memory training is 
done by an operator in the presence of a caregiver, and it consists of performing 
daily activities, such as self-care, clothing, cooking, communicative strategies and 
so on. The duration of a single session of skills training ranges from 8 to 45 min.

Cognitive training is useful for the treatment of specific cognitive impairments 
based on individual and group sessions, including computer training. The latter is 
reserved to patients affected by MCI aiming to stimulate and enhance sustained and 
selective attention and visuospatial associative memory. Cognitive training is per-
formed using board games that increase brain function, such as Advanced 
Progressive Matrix (or Raven’s Progressive Matrix, RPM), puzzles and computer 
games. Each session has to be conducted in a neuropsychological laboratory, for a 
duration of 60 min. Speech rehabilitation is common to treat language impairments 
in patients affected by NCDs. It consists essentially of stimulation of the spare 
capacity and the use of the compensatory strategies of communication and provi-
sion of appropriate education and counselling of the patient and family members.

Another option to treat language impairments in patients with moderate to severe 
NCDs is music therapy. This approach is based on musical activities, both vocal and 
instrumental, designed to acquire cognitive abilities that facilitate the retrieving pro-
cess and enhance verbal and non-verbal communication skills. The duration of each 
one-to-one session is 1 h. However, it is possible to perform a group session of 
music therapy in case of mild to moderate NCDs.

Global reactivation therapy (GRT) is another cognitive stimulation intervention 
based on 12 group sessions, of 1 h each performed three times per week. It consists 
in training memory, attention, language, reasoning and learning strategies in order 
to preserve temporal orientation as well as personal autonomy.

Considering that current evidences suggest that, for people with NCDs, ADL 
skill training can promote independence in personal care tasks and social participa-
tion [25], occupational therapy (OT) should be considered a gold standard for the 
management of these patients. The OT aims to stimulate functional capacity (e.g. 
hand dexterity), cognitive abilities (e.g. attention, learning) and creativity using a 
variety of materials and turning them into finished products through manipulative 
and decorative techniques. The rehabilitative intervention is carried out in an outpa-
tient setting and lasts 1 h per day for 4 weeks.

The methods used in rehabilitation practice are commonly based on empirical 
approaches.
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41.16  Rehabilitation of Delirium

Delirium management includes pharmacological and supportive therapy and reha-
bilitative approach [26]. Environmental monitoring of intensive care and pain man-
agement are milestones of the conservative treatment. Fluid, electrolyte balance and 
nutrition should be evaluated and eventually given carefully.

The most commonly used medications are haloperidol, α2-adrenergic receptor 
agonist (dexmedetomidine, clonidine) and sedatives.

The environment should be quiet (i.e. using earplugs for sleeping) and well 
lighted. Caregivers and family members should be encouraged to reinforce the 
patient orientation.

During daylight situations of sensory deprivation must be avoided, correcting 
sensory deficits, if necessary, with eyeglasses and hearing aids.

Hyperactive type of delirium is characterized by agitation, fear and perceptual 
impairments. Physical restraints, if possible, should be avoided. These patients 
should always be supervised and, if possible, assisted by a family member.

Reorientation therapy and/or skills training approaches may be helpful. Early 
exercise and mobilization were recently found to be safe and well tolerated by criti-
cally ill patients [27]. The Society of Critical Care Medicine (SCCM) published the 
guidelines for pain, agitation and delirium (PAD) which suggest that it is essential 
to treat delirium in the broader management of patients in intensive care units.

41.17  Rehabilitation of Major Depression

MDD is the most prevalent and disabling form of depression, but only 20% of 
patients receive adequate treatment, which includes drug therapy and/or psycho-
therapy [28]. However, the role of physical exercise in addition to conventional 
therapy is gaining attention, as many recent studies have shown that it can be as 
effective in reducing depressive symptoms as medical therapy or psychological 
interventions.

A programme lasting 10–14 weeks, with 45–59-min sessions, performed five 
times a week, demonstrated the greatest efficacy in a population with depressive 
syndrome. Both aerobic and strength exercises, regardless of the intensity, provided 
similar benefits. In the recent guidelines for management of depression in adults, 
the UK National Institute for Health and Clinical Excellence (NICE) recommends 
a group physical activity programme based on three sessions a week (lasting 45 min 
to 1 h) over 10–14 weeks for patients affected by mild to moderate depression [29].

Robertson et al. in a meta-analysis of trials exploring the effects of walking as a 
treatment for depression reported that this intervention could be beneficial in reduc-
ing symptoms by nearly 50% [30].

According to the results of the literature and clinical experience, we recommend 
a tailored exercise programme (aerobic exercise in group sessions of 150 min per 
week) for patients affected by mild to moderate depression.
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41.18  Caregiver Stress

Caregiver stress could be intended as the physical and emotional strain of a person 
who provides direct care, particularly assistance for basic ADLs and IADLs and 
medical (i.e. managing medication, planning and accompanying to medical appoint-
ments) and emotional support. Caregiver or family members usually provide almost 
the 90% of long-term care needs in chronic diseases, including NCDs and MDD 
[31]. In the USA, in 2009, 65.7 million of people received assistance (two thirds 
were elderly patients) by a caregiver [32].

The rapid increase of caregiver burden is a consequence of the growing number 
of elderly people, particularly those affected by chronic conditions, and the lack of 
professional support that should help family members and/or caregivers. Most care-
givers are women who take care of a family member (86%) or a friend (14%), with 
an average time of about 20.5 h per week spent in this activity [31]. A recent cohort 
study estimated that the cost of informal caregiving for a patient with dementia was 
$56,290 per year [33], which is higher than the expenditure for home health care 
and medical care in a nursing home.

Caregivers are subjected to significant discomfort, as suggested by a survey in 
which one third of the caregivers interviewed reported high level of stress [31]. It 
was found that the caregiver stress is a pathological condition with clinical manifes-
tations and biohumoural milieu modifications similarly to those suffering from 
post-traumatic stress disorders. Furthermore, aged caregivers have a higher risk of 
mortality compared with non-caregivers in the same age group [34].

Caring for a person with an NCD represents a challenging issue considering that 
caregivers see a progressive deterioration of patient’s mental and physical health over 
time. On the other hand, the chronic mental and physical burden on caregivers might 
lead to reduced quality of care for patients with NCDs, with worsening of patient’s 
health status, particularly of psycho-behavioural symptoms of dementia. The patient 
factors that most commonly affect the caregiver burden are sleep disturbances, urinary 
disturbance/incontinence, older age and male gender and diarrhoea/constipation.

It was demonstrated a correlation between behavioural and psychological symp-
toms of dementia (BPSD) and caregiver stress, and at the same time, it is well 
known that BPSD is also strictly related to comorbidity and medications in patients 
with dementia; therefore, the number and type of comorbidities and administered 
drugs affect the risk of developing a caregiver stress condition.

41.18.1  Prevention and Treatment of Caregiver Stress

The management of caregiver stress is based on interventions directed to caregivers 
and family members and to patients affected by NCDs. Several studies demon-
strated that tailored educational and support programmes for caregivers are effective 
to reduce the burden of caregiver stress. Educational programmes should be based 
on information about signs and symptoms, prognosis and natural history of the 
pathology and also considering the effect of both pharmacological and non- 
pharmacological approaches.
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Physical therapy for NCD patients can significantly reduce the caregivers’ bur-
den because it is effective not only for the prevention of gait/motor impairment but 
also for the improvement of mood, apathy and day/night reversal typical features of 
patients with NCDs.

The treatment of comorbidities and the modification of pharmacological treat-
ment could result in improvement of BPSD, thus reducing the caregiver stress.

Recently, Adelman et al. [35] proposed a practical approach to manage the care-
giver burden, including the following interventions:

• Encourage the caregiver to consider himself/herself as a member of the care team.
• Encourage caregivers to maintain an adequate level of self-care and health sta-

tus, particularly if they are elderly and/or affected by a chronic condition. 
Caregivers have to engage in health-promoting behaviours such as regular exer-
cise and other activities that improve QoL.

• Educate caregivers by providing them information about patient’s disease and 
therapy. Moreover caregivers should receive a training for proper lifting and trans-
ferring patients to avoid back injuries. Furthermore, counselling about coping 
strategies for caregiver stress might be useful. Educational interventions should 
be provided by physical and occupational therapists, nurses and social workers.

• Technological support could be used to facilitate patient’s autonomy. Emergency 
alert systems could be useful for the management of patients with MCI, thus 
reducing the presence of caregiver at patient’s home. Also home intercom sys-
tems or a webcam may be used for monitoring patients with dementia. New 
technologies may offer additional supportive measures, such as drug dispenser 
alarms or voice reminders. Moreover, educational programmes can be provided 
using integrated phone or mobile system technologies.

• Implementation of assistance services that provide volunteer programmes (e.g. 
Alzheimer Association), non-medical home care services (e.g. housekeeping) 
and home safety modification. Access to respite care services may provide relief 
for caregivers of patients affected by dementia.

• Coordination of health-care services, including physical and neuropsychological 
rehabilitation.

Key Points
• Ageing can significantly impair the cognitive functions affecting older 

people’s autonomy and quality of life.
• Dementia, delirium and major depression are the most common psychiat-

ric conditions of elderly people.
• The rehabilitative approach to patients with mental disorders should be 

multidisciplinary, holistic and patient centred and includes the formulation 
of the individual rehabilitation plan.

• Caregivers or family members should be considered as members of the care 
team. Health-care professionals who deal with older patients with chronic 
mental disorders should be taking into account also the caregiver stress.
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42.1  Introduction

Cardiac rehabilitation (CR) is a complex intervention offered to patients with heart 
disease, which includes components of health education, advices on cardiovascular 
risk reduction, physical activity, and stress management. Cardiac rehabilitation reduces 
mortality (27% reduction in all-cause mortality and 31% reduction in CHD mortality), 
morbidity, and unplanned hospital admissions in addition to improvements in exercise 
capacity, quality of life, and psychological well-being. [1]. Current indications for CR 
are the following: post-myocardial infarction (MI), post- coronary artery bypass graft-
ing (CABG), angina, percutaneous transluminal coronary angioplasty (PTCA), valve 
replacement or repair, heart transplant, heart failure (HF) II-III New York Heart 
Association (NYHA) class and recently also HF end stage, and left ventricular assist-
ing device (LVAD) implant [1]. In the recent years, patients admitted to cardiac reha-
bilitation are characterized by a growing clinical instability, with a complex comorbidity 
scenario due to the aging process and the unsolved acute phase of the disease that 
require the need of rehabilitation [2, 3]. In a short period of years, in all western coun-
tries, there has been a radical change in the rehabilitation world, with a relevant change 
in elderly proportion. In the USA the mean age increased from 60.6 to 63.4 years, and 
the proportion of patients 75 years or older increased by 59% [4]. These changes 
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prompted the physician to acquire a more specialized approach for the management of 
elderly complex patient to be rehabilitated. The Cardiac Rehabilitation 1996 AHCPR 
Guidelines identified smoking cessation, lipid management, weight control, blood 
pressure control, improved exercise tolerance, symptom control, return to work, and 
psychological well-being/stress management as outcomes to be reached by rehabilita-
tion program [5]. These outcomes are still to be the goal to achieve in an adult patient 
but are far from the real needs of the elderly, especially the oldest-old where disability 
is the main problem to manage [6]. Care of elderly patients in rehabilitation starts from 
the assessment of active problems at admission, continues through the phase of clinical 
stabilization and prevention of adverse clinical events, and then continues in the recov-
ery of frailty and disability through rehabilitation recovery paths, guided by careful 
clinical and functional assessment based on comprehensive geriatric assessment 
(CGA) [7]. Multidimensional assessment is a tool capable of identifying the multiple 
dimensions of the older person and to assess the diseases (comorbidity) and the function 
(cardiovascular, physical, and cognitive) and any deficit (nutritional, disability, and 
frailty), considering also the social support [8]. It identifies, then, a new concept relating 
to the elderly patient, or that of the polyfactorial deficiency, the relative recovery, and 
therefore the complexity. The concept of clinical complexity in the past was identified 
with the severity or difficulty of the clinical case, then taking on a totally subjective value. 
Thus, the clinical judgment refers to the diagram “certainty-consent,” introduced by 
Stacey for the analysis of complex systems [9] and applied to and Zimmerman et al. 
[10] and by Goldberger [11] in clinical models. The Stacey diagram and Zimmerman 
define “simple” the system toward which there is the maximum of knowledge together 
with the maximum of consent by the operators; opposite the “chaos” characterizes the 
system in which the minimum of knowledge is accompanied by the minimum consen-
sus; the “complex systems” are distributed in the area between simplicity and chaos. 
By transferring these concepts to clinical medicine, we can agree that the knowledge 
that we derive from the “evidence-based medicine” (EBM) serve to broaden the scope 
of “the simple medicine” and the “complexity” is identified with clinical medicine and 
chronic disability, characterized by the simultaneous presence of several clinical prob-
lems, for which the scientific knowledge is not yet complete and the solution of which 
is not the clinical cure but the patient’s functional recovery. We have to agree that the 
demographic revolution seen at the end of the last century in industrialized countries 
and in particular in Italy [12] resulted in a revolution in the field of clinical medicine 
and rehabilitation, with a need of a more complex diagnostic evaluation approach [13] 
and a therapeutic individual rehabilitation, able to maintain continuing care facilities at 
different levels of health and social health organization. In advancing age, in fact, there 
is high prevalence of multiple diseases, often in terminal stage, with atypical clinical 
presentation [14, 15], and therefore the diagnostic-evaluative and therapeutic approach 
to these patients should be driven by a comprehensive geriatric assessment. Several 
studies have shown that the CGA limits the incidence and severity of outcomes such 
as disability and mortality in elderly patients [16].

It should also be emphasized that the comorbidity can take very complex issues: in 
the elderly cardiac patient, the simultaneous detection of extra-cardiac comorbidities 
and multiple cardiovascular diseases in the same patient (cardiovascular comorbidity) 
is frequent [17]. The clinicians have to assess the role of “active comorbidity” as 
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clinically relevant and capable of compromising the functional state. The association of 
comorbidity with disability is explained by the progressive loss of the anatomical and 
functional reserve of various organs and systems (vulnerability), characterizing the 
physiology of the different stages of geriatric age. Faced with these various biological 
conditions, it is clear that the result on the functional state is different when the same 
disease affects adults or elderly subjects and expresses different frames of disability as 
it increases the degree of vulnerability, which reduces the anatomical and functional 
reserve [18]. Furthermore, a complex situation can become simple when it is managed 
in an organized system, capable of absorbing the different aspects that make the situa-
tion complex. Hence, it becomes essential to avoid the “chaos” of the system improv-
ing the facilities which in recent years have grown their “complexity” of care, such as 
intensive rehabilitation; they can adapt their systems to more complex standards and 
suited to the frail elderly population. Therefore, the medicine of complexity is identi-
fied with the geriatric medicine: from a clinical point of view, in fact, the patient of 
geriatric interest is a very old patient characterized by age-related reduced func-
tional reserve (vulnerability), by comorbidity, disability, polipharmacy with the 
relative increase in the risk of adverse drug reactions and by critical socioeconomic 
and environmental conditions; these findings define the “frail status” of the geriatric 
patient [7]. This concept, only recently identified, outlines a particular risk condition, 
i.e., by a reduction in capacity to perform basic activities of daily living, from a high 
comorbidity and loss of functional reserve of organs and systems. Frailty is also con-
sidered as a result of changes in the neuromuscular, endocrine, and immune systems. 
The criteria for identifying vulnerable people are not universally accepted. Numerous 
authors define frailty as the sum of a number of biological and clinical markers, which 
also can be seen in a dynamic position between a healthy condition and a condition of 
extreme fragility. Frailty further destabilizes clinic status and is necessary to be pre-
vented and treated not only in an “acute” setting but also in the field of post-acute 
rehabilitation and ongoing care.

42.2  Rehabilitation Project and the Functional 
Recovery Program

The possibility of functional recovery is established through a preliminary evalua-
tion by the rehabilitation team establishing the possible benefits of rehabilitation and 
the time required for this to happen. Rehabilitation should take place in the hospital 
soon after a heart attack, heart surgery, or other major heart problems (phase 1). After 
the disease stabilization, at a stage where the clinical instability of the acute phase 
makes possible the patient’s participation to rehabilitation program, it will start the 
phase 2. The cardiac rehabilitation program could continue at an outpatient facility. 
Phase 2 of cardiac rehabilitation usually lasts from 3 to 6 weeks and involves contin-
ued monitoring of cardiac responses to exercise and activity. This opportunity is in 
this epidemiological scenario even less frequent due to the severe stage of the disease 
in the elderly patient, and rehabilitation is preferred in specialized setting as inpa-
tients. The assessment will also serve to identify the most suitable rehabilitation set-
ting for the elderly (hospital, ambulatory, or at home); having important studies 
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demonstrated efficacy in postinfarction of home rehabilitation for low-risk patients 
[19] and in 75 years older patients with a moderate frailty level [20, 21] (intensive 
outpatient therapy, phase 3; independent ongoing conditioning, phase 4).

The clinical and functional examination allows quantifying the deficit tied to the 
active issue on admission and active and passive comorbidity and directs the team 
on the rehabilitation needs and diagnostic, therapeutic, and patient management. 
Therefore, screening assessment at the entrance is the first step for the elaboration 
of a Rehabilitation Project and the functional recovery program. Initial evaluation 
also allows evaluating the social and environmental factors, family conditions and 
therefore social support, housing conditions for the structural home changes for 
protected discharge at home, and the availability of medical support.

42.3  Comprehensive Geriatric Assessment (CGA)

The comprehensive geriatric assessment (CGA) is a key tool in the approach to the 
elderly patient. The CGA allows analyzing the various components of the patient 
(physical, cognitive, and social) at admission, during rehabilitation, and at dis-
charge. The CGA identifies and prioritizes clinical problems, identifies the func-
tional recovery objectives and planning care interventions, transfers the assistance 
program to the rehabilitation team, and verifies the implementation of the interven-
tions during the rehabilitation process (Fig. 42.1). In the functional evaluation, the 
elderly will be oriented mainly on its degree of residual acute event skills. Some 
authors have suggested rehabilitation programs vary according to the meters walked 
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in 6-minute walking test, which took into account, in addition to demographic vari-
ables, clinical variables such as ejection fraction and the presence of comorbidities. 
The proposed algorithm identifies specific functional recovery routes to functional 
residual capacity [22, 23]. Other models are based on levels of frailty, built on the 
frailty staging system which identifies three classes and therefore different needs of 
functional rehabilitation [8].

The CGA uses tools of different grading: the most commonly used in rehabilita-
tive environment are the Activity of Daily Living (ADL), [24] Barthel Index [25], 
Cumulative Illness Rating Scale (CIRS) [26], Geriatric Depression Scale (GDS) 
[27], Mini-Mental State Examination (MMSE) [28], and functional assessment 
(6-minute walking test) [29], more oriented to the evaluation of cardiac patients, 
while the Tinetti [30] and the Short Physical Performance Battery (SPPB) [31] are 
tests used to evaluate balance and gait and physical functioning (Fig. 42.2).

The evaluation of these functions is of great importance especially in the very elderly. 
In this regard, Lavie et al. showed that the cardiovascular rehabilitative intervention leads 
to an improvement of the health status in general and the quality of life and a decrease in 
perceived pain. Furthermore, hostility, depression, and anxiety are reduced to a greater 
extent in the oldest-old than in adults after cardiovascular rehabilitation [20, 21].

Cardiac Rehabilitation in the elderly
Comprehensive Geriatric Assessment

Admission

Multidimensional Assessment

Patients after the initial assessment will be treated based on
cardiovascular risk stratification (History-EKG-ECO-Holter) and of
prevalent disability (Barthel index) and considering the results of
submaximal test (6MWT) and where possible with maximal tests
(CPX) (red arrows)

Follow-up

Dismission

Admission: Medical history and physical examination, measure risk
factors, EKG, ECO, Holter ECG, CIRS, Barthel index, MMSE, GDS,
6 minute walking test (in bold the test that should be repeated during rehabilitation process)

Fig. 42.2 Comprehensive Geriatric Assessment in elderly patient underwent cardiac 
rehabilitation.
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42.4  Specific Protocols for Elderly Patients

To set the subdivision criteria of elderly subjects, in order to identify the best targets 
to be pursued with rehabilitation, we can refer, in a schematic way, to the cognitive 
and motor functions that are respectively expressed in the ability to perform, despite 
the presence of cognitive impairment, a functional recovery path, and preserved 
autonomy in performing IADL and ADL. At the moment, however, no known stud-
ies using the multidimensional assessment oriented to rehabilitation have demon-
strated the effectiveness of particular rehabilitation protocols. The questions that 
need answering are oriented to understanding if this population with conditions 
such as cognitive impairment, disability, and frailty get a clinical and functional 
improvement with protocols designed to these special populations.

Physical rehabilitation, implemented in accordance with the risk assessment cri-
teria related to the exercise and adapted to the different disease patterns, is an inte-
gral part of management of patient with cardiovascular disease. For rehabilitation 
purposes we have to make a distinction in the context of this population considering 
the burden of disability. As already mentioned, the patient with disability tends to 
coincide with the complex patient, embracing a wide spectrum of cardiovascular 
conditions and possibly extra-cardiac comorbidity associated with the underlying 
cardiac disease, characterized by varying degrees of impairment of functional 
capacity. This impairment arises from a disability, which, through a limitation of 
usual and, therefore, a restriction of the individual’s participation in his social life, 
determines different degrees of disability.

The rehabilitative intervention may be configured in patients less compromised 
in a physical training program, while the more functionally limited patients may be 
subjected to physical activity that, as controlled and programmed, cannot constitute 
a classical exercise program of effective workout. In any case, the patient’s physical 
cardiovascular rehabilitation configures an operational framework “TEAM” involv-
ing in various reasons many actors (doctor, nurse, physiotherapist, etc.), with loads 
and different goals depending on the degree of disability. The rehabilitation process 
of these patients will be strictly individualized in relation to their functional impair-
ment/disability at admission and the usual functional capacity. The following pro-
posed protocols do not follow the traditional approach of rehabilitation nosology in 
cardiology (i.e., different protocols for different events or acute or chronic diseases), 
but rather suggest a transversal criterion for various conditions, based on different 
levels of disability of patients.

42.5  The Patient with Severe Chronic Disability

The patient with severe chronic disability is defined as a patient with at least 3 ADL 
lost [32] even present before the acute event. Patients in this category have to be 
defined as chronic disable. This category includes complex patients chronically bed-
ridden for cardiac causes (refractory heart failure) or noncardiac causes (neurological 
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complications with severely disabling outcomes, severe cognitive impairment, severe 
orthopedic limitations, etc.). The approach to severe chronic disability patient starts 
from the assessment and management of clinical stability and prevention of adverse 
events. In fact, soon after the acute phase of various clinical pictures (i.e., myocardial 
infarction, unstable angina, pulmonary edema, stroke, etc.), a passive mobilization of 
the patient is at least advisable for the prevention of thromboembolic event due to 
bedridden, passing then, if possible, a physical activity program based on the proce-
dures showed in Table 42.1.

The physiotherapy load in these patients is high.
The objectives and outcomes of the rehabilitation for the patient with severe 

chronic disability are showed in Tables 42.2 and 42.3.

Table 42.1 Individualized protocols of training based on disability status

Severe chronic 
disability

Temporary severe 
disability

Mild/moderate 
disability Without disability

Mobilization 
sessions: active/
passive

Mobilization 
sessions: active/
passive

Training sessions of 
variable load exercise 
with assistive 
movement training 
apparatus

Sessions of variable 
load exercise using bike 
and treadmill as 
effective workout 
stimulus increasing 
intensity and sessions

Diaphragmatic 
respiratory 
gymnastics

Diaphragmatic 
respiratory 
gymnastics

Diaphragmatic 
respiratory gymnastics

Diaphragmatic 
respiratory gymnastics

Posture changes Posture changes Sessions of breathing 
exercises and 
calisthenics at a 
reduced energy 
expenditure, low, 
medium, or high

Sessions of breathing 
exercises and 
calisthenics at a reduced 
energy expenditure, low, 
medium, or high

Reeducation 
sessions in motor 
impairment

Reeducation 
sessions in motor 
impairment

Sessions of 
strengthening of 
individual muscle 
groups

Sessions of 
strengthening of 
individual muscle 
groups

Sessions of 
bronchial 
unblocking

Sessions of 
bronchial 
unblocking

Sessions of 
calisthenics 
exercises

Sessions of 
calisthenics 
exercises

Sessions with a 
muscle stimulation

Sessions with a 
muscle stimulation

Muscle 
strengthening 
sessions

Muscle 
strengthening 
sessions
Training sessions 
gait and walk
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Table 42.2 Objectives of the rehabilitation based on disability status

Severe chronic 
disability

Temporary severe 
disability

Mild/moderate 
disability Without disability

Improve the patient’s 
ability to perform 
ADL

Improve the patient’s 
ability to perform ADL

Improve the patient’s 
ability to carry out the 
usual ADL

Increase the patient’s 
functional capacity 
through training of 
the resistance and/or 
strength

Reduce the level of 
supervision in ADL

Increase, if possible, the 
patient’s functional 
capacity

Increase the patient’s 
functional capacity 
through training of the 
resistance and/or 
strength

Determine a training 
load applied at home 
once the patient has 
been discharged

Minimize the 
deconditioning due to 
loss of muscle tone

Reduce the level of 
supervision

If possible, determine 
a training load applied 
at home once the 
patient has been 
discharged

Reduce adverse events Minimize the 
deconditioning due to 
loss of muscle tone
Resolution of the 
bedridden and for the 
continued rehabilitation 
intervention as physical 
training

Table 42.3 Outcome of the rehabilitation based on disability status

Severe chronic 
disability

Temporary severe 
disability

Mild/moderate 
disability

Without 
disability

Increase in the score of 
disability scales 
administered at the 
beginning of the 
rehabilitation process

Increase in the score of 
disability scales 
administered at the 
beginning of the 
rehabilitation process

Increase in the score of 
disability scales 
administered at the 
beginning of the 
rehabilitation process

The increase of 
6-minute 
walking test 
distance

If possible, the formal 
documentation of the 
termination of the setting 
bed using 6-minute 
walking test

If possible, increasing 
the distance of 6MWT

The increase of 
work capacity 
assessed by TE 
or CPX

If possible, increase the 
cardiovascular capacity 
assessed by TE or CPX

42.6  Temporary Severe Disability

This category includes complex patients with 3 or more ADL lost due to the acute 
event, but free of disability before the acute event, temporarily bedridden for cardiac 
causes (heart failure instability, complex ventricular arrhythmias, acute ischemia, 
etc.) or noncardiac causes (neurological complications, severe bedsores, poor 
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evolution of surgical wounds, significant pulmonary complications with possible 
need for ventilatory support, febrile systemic infections, need of nutritional support, 
acute renal failure, delirium, severe pleural and/or pericardial effusion, severe ane-
mia, etc.) for which it is estimated an improvement and/or resolution of symptoms. 
The level of disability of these patients will initially be quantified in a formal way 
through Barthel Index (BI). In addition, it will be appropriate to quantify the level 
of former habitual physical activity and comorbidities. The approach to the tempo-
rary severe disabled patient is based on the assessment and management of clinical 
stability. In this kind of patient a passive mobilization should be at least considered 
for the prevention of thromboembolic events, passing then (or immediately if the 
cause of the bedridden was not clinical instability) to a physical activity program 
based on the procedures showed in Table 42.1.

The physiotherapy load in these patients is moderate/high.
The objectives and outcomes of the rehabilitation of the patient with temporary 

severe disability complex are showed in Tables 42.2 and 42.3.

42.7  The Mild/Moderate Disabled Patient

Patient with ADL lost less than 3 is defined as mild/moderate disabled. This means 
that these patients may be functionally limited and sometimes even to a significant 
extent, but still lower than that of patient’s severe disabilities. In this category are 
included patients in waiting list for heart transplantation during hemodynamic com-
pensation, and possibly those recently transplanted patients with large pleural effu-
sion and/or pericardial effusion and with significant anemia and patients with LVAD 
implantation where the limitation in ADL are also due to the ability to use the 
mechanical support.

Depending on the clinical condition, the functional evaluation of complex mild/
moderate disabilities of patients can take advantage of the following tools:

 1. Barthel Index (ADL)
 2. 6-minute walking test (WT)
 3. Conventional exercise testing (TE) or cardiopulmonary (CPX)

The exercise program will be based on the procedures showed in Table 42.1, 
variously associated with each other.

The physiotherapy load in these patients is low/moderate.
The objectives and outcomes of the rehabilitation of the patient with mild/mod-

erate disabilities are showed in Tables 42.2 and 42.3.

42.8  The Patient Not Disabled

It defines a patient without disability in ADL. This means that these patients are not 
limited in the basic activities of their daily lives. They will still be functionally lim-
ited to higher-intensity activities depending on the severity of their underlying 
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disease and/or comorbidities and their level of muscle conditioning (sedentary/
active life). Depending on the clinical condition, the functional evaluation of non-
disabled patients can take advantage of the following tools:

 1. 6-minute walking test
 2. Conventional CPX

The exercise program will be based on the procedures showed in Table 42.1, 
variously associated with each other. The physiotherapy load during management of 
these patients is low/moderate. The objectives and outcomes of the patient’s reha-
bilitation without a disability are showed in Tables 42.2 and 42.3.

 Conclusion

The rehabilitation process in the elderly should be implemented in accordance 
with the risk assessment criteria related to the exercise and adapted to the differ-
ent disease patterns and disabilities. The patient’s disability tends to coincide 
with a state of complexity, embracing a wide spectrum of cardiovascular and 
non- cardiovascular conditions associated with the underlying cardiac disease, 
characterized by varying degrees of impairment in functional capacity. This 
impairment arises from a disability, which, through a limitation of usual and, 
therefore, a restriction of the individual’s participation in his social life, deter-
mines different degrees of frailty. Therefore, the rehabilitative intervention may 
be driven by multidimensional assessment, configured in patients less compro-
mised in a classical physical training program, while the more functionally lim-
ited patients may be subjected to physical activity that even if they do not 
constitute an effective workout stimulus is still effective in the disability preven-
tion. In any case, the cardiac rehabilitation configures an operational team frame-
work involving various reasons of many professions depending on the degree of 
disability and the different needs of the patient. The rehabilitation process of 
these patients will be strictly individualized in relation to their functional impair-
ment/disability at admission and the usual functional capacity. The proposed 
protocols do not follow the traditional approach of rehabilitation in cardiology 
(i.e., different protocols for different events or acute or chronic diseases), but 
rather suggest a transversal criterion for various clinical scenarios, based on dif-
ferent levels of patients’ disability.

The combination of these procedures in terms of duration, frequency, and 
intensity will be individualized based on the patient’s clinical condition. In any 
case, at least two daily sessions of the same procedure or two procedures seem 
applicable in the majority of patients. The progression of the load of physical 
activity criteria privileges first an increase of duration of individual sessions and 
then the frequency and finally intensity. For patients with mild/moderate disabil-
ity and for those who are not disabled, the assessment of the current functional 
capacity will be appropriate for an assessment of habitual physical activity and 
comorbidities.
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• Elderly patients, especially if frail, require a tailored rehabilitative 
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43Rehabilitation in Older Patients 
with Peripheral Arterial Disease

Adriana Visonà

43.1  Introduction

Cardiovascular diseases (CVDs) are the leading cause of death and disability in Europe, 
posing a great social and economic burden. The sedentary lifestyle strongly promotes 
and accelerates age-related conditions, such as frailty and disability, representing an 
independent risk factor for cardiovascular disease and all causes related to morbidity 
and mortality. Moreover, the time devoted to physical activity linearly decreased with 
age. Peripheral arterial disease (PAD) itself, both asymptomatic and symptomatic, rep-
resents an important risk factor for cardiovascular morbidity and mortality. The striking 
increase in both the incidence and prevalence of PAD with increasing age is apparent 
from epidemiological data, and it has been estimated that the biennial incidence rate of 
intermittent claudication (IC) is 26.6 per 1000 men and 13.3 per 1000 women. Physical 
activity is one of the cornerstones for prevention of cardiovascular disease and for the 
treatment of PAD. However, most studies demonstrated that the relationship between 
physical fitness and vascular disease was mainly performed with middle-aged adults, 
and relatively few studies have been conducted among elderly subjects [1].

43.2  Mechanisms of Rehabilitation

The benefit and possible mechanisms of rehabilitation, also in old patients, include 
improvements in endothelial function, skeletal muscle metabolism, and blood viscos-
ity. In addition to hemodynamic and metabolic mechanisms, improved biomechanisms 
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of walking also contribute to increase walking ability by decreasing the oxygen require-
ments to sustain a given level of constant load exercise. Many studies have also docu-
mented an improvement of general physical capability with a reduction in heart rate, 
respiration, and oxygen consumption with the same workload. Patients acquire the 
capability to walk for longer distance and duration at higher speed [2]. Indeed, PAD 
patients with IC had improved endothelial-dependent vasodilation measured in the 
upper extremity after engaging in a treadmill walking rehabilitation program [3].

The beneficial effects of low to moderate aerobic exercise training programs on 
improving functional capacity in old patients with PAD have been documented. 
Such patients could improve claudication symptoms after only a couple of months 
of rehabilitation and are likely to experience continual improvement thereafter. In 
addition to improving endothelial function and exercise tolerance, 6 months of exer-
cise rehabilitation improves calf blood flow after an ischemic response. The severity 
of PAD may adversely impact the beneficial effects of an exercise rehabilitation 
program on flow-mediated endothelial function, and there was a trend for less 
improvement in patients with the lowest ankle to brachial index. Moreover, patients 
with the lowest baseline calf blood flow (maximal blood flow and postocclusive 
hyperemic response) had the smallest improvement in endothelial function. This 
suggests that in patients with severe PAD, adverse effects of atherosclerosis on 
endothelial function may be, in part, irreversible, or a different treatment design 
may be needed to see significant improvements [3].

43.3  Modification of Risk Factors

Cardiovascular risk factor modification is a pivotal element of the treatment of 
PAD. Although extensive evidence showed that exercise improves hypertension, 
glucose intolerance, and hyperlipidemia in patients without PAD, it remains unclear 
whether exercise rehabilitation has an impact on cardiovascular risk factors in 
patients with PAD. Even if large functional gains occur in patients with IC after 
exercise rehabilitation, it is possible that the absolute amount of exercise in debili-
tated population (old age and PAD) is insufficient to induce favorable alterations in 
cardiovascular risk factors [1]. Anyhow, it has been demonstrated that exercise 
rehabilitation program, in older patients with PAD, lowers LDL-C levels by 8%, 
total cholesterol levels by 5%, and systolic BP by 6%. These beneficial changes in 
the cardiac risk factor profiles may potentially reduce the rate of progression of 
atherosclerosis, as well as the associated complications. Therefore, exercise reha-
bilitation should be considered an integral part of the management of older patients 
with PAD [1]. Physical training should represent the primary therapeutic approach 
also in the subjects with a cluster of risk factors as metabolic syndrome (MS) [1, 4]. 
Smoking adversely affects exercise capacity in PAD patients, who are the prime 
candidates for exercise rehabilitation. Anyhow their relatively low baseline physical 
function does not impair their ability to regain lost functional independence to lev-
els similar to those of nonsmoking patients with PAD.
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43.4  Exercise Rehabilitation and Overall Strategy

Patients with IC experience reversible muscle ischemia during walking that is char-
acterized by cramping and aching in the affected muscle. These symptoms result in 
a severe limitation in exercise performance and walking ability in elderly as well. 
The exercise limitation is associated with marked impairments in walking distance, 
walking speed, and overall function. Therefore, the treatment goals are to relieve 
symptoms and improve exercise performance and daily functional abilities. The 
initial approach to the treatment of limb symptoms should focus on structured exer-
cise. According to the Trans-Atlantic Inter-Society Consensus (TASC) recommen-
dations, supervised exercise should be part of the treatment of patients with PAD 
and IC. The most effective programs employ treadmill or track walking that is of 
sufficient intensity to bring on claudication and near-maximal pain, followed by 
rest, over the course of 30–60 min session. Exercise sessions are typically con-
ducted three times a week for 3 months. How intensive should training be to prevent 
harmful effects? The crucial point is when and at what workload should exercise be 
stopped during a single training session. The guidelines suggest to encourage exer-
cise to near-maximal pain, and TASC document indicates that pain during the exer-
cise is predictive of the best results [2, 5]. The best workload in training of patients 
with PAD and IC should be aerobic and submaximal. The use of protocols provid-
ing a workload with a single well-defined fraction of training (60–70% of maximum 
walking capacity measured during the test), which is near-maximal pain, but with-
out reaching claudication pain, is advisable [5, 6]. Different mechanisms appear to 
explain the exercise-mediated increase in ambulatory function. Improvements in 
walking economy and calf perfusion are two mechanisms that act synergistically to 
relieve claudication by decreasing the metabolic demand of walking and increasing 
oxygen delivery, respectively. However, exercise-mediated improvements in periph-
eral circulation in PAD patients with IC are not a consistent finding, as some studies 
report an increase, although others report no change in perfusion. The better energy 
utilization in the calf may be the factor which contributes to a delay in the develop-
ment of claudication, therefore, manifested by increased distances walked. 
Furthermore, exercise training improved the self-reported quality of life (QOL) as 
assessed by the medical outcomes short form (MOS SF)-36 and the disease-specific 
walking impairment questionnaire (WIQ) instrument. Exercise training improves 
ambulatory function, perceived walking ability, and health-related QOL in older 
PAD patients with IC and supports current recommendations for exercise training in 
this patient population. The efficacy of whole-body progressive resistance training 
as a treatment for the symptoms of PAD in older adults was also evaluated. High-
intensity progressive resistance training (H-PRT) significantly improved 6 min walk 
ability in older patients with PAD and IC, whereas low-intensity nonprogressive 
resistance training and unsupervised walking did not [7]. Improvement in walking 
ability is based on TASC evidence, which suggests that a change in distance of more 
than 50 m is clinically significant in most disease states. The finding of a greater 
than 60 m improvement in 6 min walking distance (6MWD) in the H-PRT group 
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would be associated with a reduction in cardiovascular mortality and would thus be 
considered clinically significant. Furthermore, a 6MWD of less than 350 m is pre-
dictive of high risk of cardiovascular mortality across cardiopulmonary disorders [5, 
7]. Also in older adults, a 6-month spinning training combined with proper diet has 
proved useful in ameliorating metabolic syndrome.

Although some experts believe that spinning could be too much intense for 
elderly, some others support spinning also in elderly, considered safe and useful if 
performed cautiously, with a careful monitoring of heart rate, blood pressure, pulse 
oximeter, and glycemia [4]. Spinning exerts several systemic beneficial effects, 
improving the muscle strengthening and the body coordination, the ventilator and 
maximal aerobic capacities, and vascular compliance.

Physical activity reduces the risk of fall, and fractures, optimize the cardiorespi-
ratory performances, and ameliorate the coronary perfusion. Both standard physical 
training and spinning added to diet significantly improved lipid and glycemic pro-
file. The patients receiving only diet probably require more time to achieve the same 
results. Moreover, standard physical training plus diet significantly lower plasma 
total cholesterol and triglycerides. In patients who performed spinning, a significant 
reduction of waist circumference, body mass index, and blood pressure was found, 
as well as improvement of glucose homeostasis.

The most frequent contraindications to physical activities in elderly patients 
with PAD are: (1) rest pain, (2) history of exertional angina, (3) exercise tolerance 
limited by leg pain of nonvascular origin (e.g., arthritis, orthopedic pain) and by 
factors other than intermittent claudication (e.g., dyspnea, fatigue, dizziness), (4) 
surgery related to PAD during the preceding 3 months, (5) myocardial infarction 
within the preceding 3 months, and (6) unstable claudication symptoms during the 
preceding 3 months. The major limitation of exercise rehabilitation is the lack of 
availability of a supervised setting to refer patients. Though exercise therapy is of 
proven effectiveness, some patients are simply not willing to persist with an exer-
cise program in order to maintain the benefit. In addition, a claudication exercise 
program in a patient with diabetes who has severe distal neuropathy may precipitate 
foot lesions in the absence of proper footwear [5]. In conclusion, vascular rehabili-
tation, in particular supervised aerobic exercise, improves the risk factor profile and 
represents a cornerstone for the treatment also in older patients with PAD, consid-
ered subjects at higher risk for cardiovascular morbidity and mortality. Exercise 
therapy should be pursued and promoted in clinical and research field in older 
patients.

Key Points
• PAD frequent in elderly, beneficial effects of aerobic supervised exercise, 

amelioration of risk profile and quality of life, improvement of disease- 
specific walking impairment in elderly patients with PAD.
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44Exercise Training Modalities in Lower 
Limb Peripheral Artery Disease

Stefano Lanzi, Lucia Mazzolai, and Luca Calanca

Lower limb peripheral artery disease (LLPAD) is a chronic atherosclerotic disease 
which leads to narrowing and/or occlusion of arteries supplying the legs. The most 
characteristic symptom of LLPAD is intermittent claudication (IC), a cramping 
lower limb (buttocks, thighs, calf, or foot) pain occurring during exercise and 
resolving with rest. IC is characterized by inadequate oxygen supply (from impaired 
blood flow) to meet metabolic demand [1]. Based on a large population study, IC 
prevalence increases from about 2% in a population aged 40–44 years to 7% in a 
population aged 70–74 years [2]. It has previously been shown that LLPAD patients 
have a significant reduction in muscle strength [3], walking performance [4], and 
physical functioning [5] compared to subjects without LLPAD. Moreover, LLPAD 
patients are also generally less implicated in regular exercise [6] and in daily life 
activities [5, 7]. These significant reductions may cause decreased quality of life [8] 
and contribute to increase in mortality risk [9].

Regular exercise training is recommended as one of the primary baseline mea-
sures in LLPAD with the aim to improve walking capabilities and contribute to 
reduce cardiovascular risk [1, 10]. There is a large body of evidence supporting the 
pivotal role of regular exercise training in improving walking performance [i.e., 
pain-free walking distance (PFWD), maximal walking distance (MWD), and six- 
minute walking distance (6MWD)], physical functioning, and quality of life in 
LLPAD patients [1, 10, 11]. Moreover, it has recently been shown that exercise 
training also leads to significant improvement in aerobic fitness [peak oxygen 
uptake (V′O2peak)] [12]. This is relevant, as poor aerobic fitness has been suggested 
to be a strong mortality predictor in patients with LLPAD [13]. In general, exercise 
training sessions have a duration which varies between 30 and 60 min (depending 
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on individual exercise tolerance) and are performed two to three times per week for 
a total of 3 or 6 months [1]. To achieve maximal benefits, exercise training should 
be supervised by physiotherapists or sport trainers [14]. As blood flow and pressure 
(ankle-brachial index) are unaffected by exercise training [12], other potential 
mechanisms, such as changes in microcirculation, endothelial function, muscle 
metabolism, inflammation, and walking economy, seem to be implicated in the 
improvement of walking performance [10].

Walking and lower extremity aerobic training (strengthening and aerobic train-
ing focused on lower limbs) are the most common modes of training [1, 15]. 
However, by reason of more severe claudication pain, lower pain tolerance, increased 
risk of fall linked with an impaired balance, and/or other comorbidities (diabetes, 
orthopedic, and rheumatic diseases), elderly LLPAD patients cannot always com-
plete a walking training session and/or have a limited enthusiasm with regard to 
regular exercise. Therefore, in order to allow elderly LLPAD patients to benefit 
from rehabilitation programs, alternative modes of training (e.g., arm crank ergom-
eter, resistance training, Nordic pole walking, cycling) have also been evaluated, 
and promising results were described [12, 15, 16].

As the impaired blood flow induces lower limb skeletal muscle ischemia and leg 
pain during walking, upper limb exercise performed with an arm crank ergometer 
(Fig. 44.1) may be an interesting pain-free and well-supported training modality 
[17]. Indeed, it has been demonstrated that 12-week arm crank exercise training 
performed at 60–70% of the peak work rate (2 min of exercise followed by 2 min of 
rest for 40 min) may increase walking performance and V′O2peak [17]. This was 
explained, at least in part, by an increased lower limb oxygen delivery during walk-
ing and suggests that circulatory adaptations may also occur in untrained limbs [17]. 
Indeed, it has been shown that upper limb exercise training may have a systemic 
anti-inflammatory effect in LLPAD patients [18], which could positively impact 
endothelial function and reduce cardiovascular risk. Therefore, upper limb training 
may be especially useful in elderly LLPAD patients with concomitant lower limb 
diseases affecting walking capacity (orthopedic, rheumatic). Although to our 
knowledge this type of training has not been evaluated in more severe stage of 
LLPAD [Fontaine stages III (rest pain) and IV (ischemic ulcers or gangrene)], this 
might be an interesting opportunity to improve aerobic fitness and reduce the car-
diovascular risk.

Resistance exercise training has also been suggested as an effective training 
modality [19–23]. Indeed, LLPAD patients have a significant reduction in calf mus-
cle area [24] and also have lower leg strength which is associated with walking 
capabilities [22]. It has been demonstrated that 12-week whole-body (e.g., calf raise 
on leg press machine, leg press, leg curl, leg extension, crunches, seated row, bench 
press) resistance training [3 sets of 10 repetitions performed at the intensity between 
11 and 13 (light and somewhat hard, respectively) on Borg’s scale (rating of per-
ceived exertion to monitor level of intensity during exercise)] improves walking 
performance to a similar extent as treadmill exercise training [21]. Interestingly, 
compared to walking, this mode of exercise elicits lower pain during the training 
sessions [23]. Furthermore, longer resistance training programs have also been 
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evaluated. It has been shown that 24-week whole-body resistance training [2 sets of 
8–15 repetitions performed at approximately 70% of one repetition maximum 
(1RM)] significantly improves walking performance and strength compared to con-
trol group [20]. Another study [19] showed that 24-week lower limb progressive 
resistance training (3 sets of 8 repetitions performed at 50–80% 1RM) improves 
walking performance on treadmill and quality of life (assessed by questionnaire) 
compared to control group. However, there were no significant changes in the 
6MWD compared to control group [19]. Finally, it has recently been demonstrated 
that intensity of resistance training may also have an impact on the improvement of 
walking performance. Indeed, 24-week whole-body high-intensity progressive 
resistance training (3 sets of 8 repetitions performed at 50–80% 1RM) significantly 
improved the 6MWD and whole-body strength compared to whole-body low-inten-
sity resistance training (3 sets of 8 repetitions performed at 20–30% 1RM) and 
control group. The adaptations in the high-intensity progressive resistance training 

Fig. 44.1 Arm crank 
ergometer
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group were related to significant changes in bilateral calf and hip extensor skeletal 
muscle endurance [22].

Nordic pole walking has been shown to increase the PFWD and the MWD com-
pared to walking without poles, suggesting that this type of exercise may improve 
walking performance despite a higher cardiovascular stimulation [25]. The use of 
poles may increase the walking speed and reduce the lower extremity load, which 
seems to be relevant in LLPAD patients [26]. In addition, as elderly LLPAD patients 
may have an impaired balance [27], the use of poles might also be useful. It has been 
demonstrated that 24-week Nordic pole walking exercise training, performed at 
maximal or near to maximal claudication pain, increases walking performance, 
V′O2peak, and physical functioning (assessed by questionnaire) in LLPAD patients 
[28]. Nordic pole walking training was found to be as effective as treadmill training 
for the improvement in walking performance [29].

Cycling exercise might also be a safe and feasible training modality [30]. 
Although 6-week cycling exercise training performed at vigorous intensity showed 
a significant increase in cycling time, no significant improvement was observed in 
walking performance in response to cycling exercise compared to treadmill exercise 
training (performed at the same relative exercise intensity) in LLPAD patients [30]. 
However, in a subgroup of patients who experienced similar (anatomic location) 
exercise-limiting symptoms during walking and cycling, walking performance was 
improved after cycling training. This suggests a cross-transfer effect of training 
modalities and highlights the potential role of cycling in some LLPAD patients [30].

In conclusion, data suggest that different training modalities (other than walking) 
are safe, feasible, and effective in LLPAD patients. These allow elderly LLPAD 
patients to benefit from rehabilitation programs taking into account their specific 
needs. Compared to walking, the lower pain induced by other training modalities 
during exercise may encourage patients to better adhere to regular exercise training. 
To better optimize training prescription in all LLPAD patients, further research is 
needed using combined or varied training modalities.
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• Regular exercise training is recommended as one of the primary baseline 

measures in LLPAD patients.
• Other than walking, different training modalities (e.g., arm crank ergometer, 

resistance training, Nordic pole walking, and cycling) are safe, feasible, and 
effective in LLPAD patients.
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45Lymphedema Rehabilitation 
of the Elderly

Gert Apich

45.1  Introduction

Lymphedema is a chronic disease, due to an insufficient lymph transport capac-
ity caused by an insufficient number or function of lymph vessels or their mal-
formation. Therefore, the waste products, which are normally removed with 
lymph, cannot be transported, and this provokes lymph congestion and lym-
phostasis, in which fluid and protein levels in the interstitial space increase. The 
clinical sign is swelling, which left untreated can progress and provoke tissue 
hardening and/or adiposity; this process can lead to several complications and 
disability.

Lymphedema classification is shown in Table 45.1.

45.2  Classification

Table 45.1 Lymphedema classification

Classification according to etiology [1]
Primary (congenital) 
lymphedema

Are based on a genetic developmental disorder of lymphatic vessels 
and/or lymph nodes (aplasia, atresia, hypoplasia, hyperplasia, 
lymphangioma). They can occur in combination with other dysplasia/
syndromes (e.g., Turner syndrome, Noonan syndrome, Klippel- 
Trenaunay- Weber syndrome) or isolated

Secondary (acquired) 
lymphedema

Are due to an acquired injury to the lymph vessel system (e.g., 
post-traumatic, post-inflammatory, artificial, post-reconstructive, or 
caused by malignant tumors or metastases)

(continued)
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45.3  Diagnosis

A diagnosis of lymphedema can be based on both basic and advanced diagnostic 
measures [3].

Basic measures comprise medical history, examination, palpation, and 
measurement.

Taking a medical history involves asking about malignant disease, surgery, ery-
sipelas infections, soft tissue lesions, venous and arterial disease, medication intake, 
hereditary factors, and pain—although classic lymphedema is pain-free. If a patient 
is experiencing pain, this may point to malignant lymphedema.

Examination: Which parts of the body are affected by the swelling? Asymmetry 
is one of the salient clinical signs of lymphedema. Bilateral swelling normally indi-
cates a systemic cause, e.g., cardiogenic, nephrogenic, hepatogenic, or from medi-
cine intake. Localization of primary lymphedema is mainly peripheral. In secondary 
lymphedema, proximal localizations are more typical. The presence of skin signs of 
lymphedema such as deep skin creases, box-shaped teeth, hyperkeratosis, papillo-
matosis cutis lymphostatica (Fig. 45.1), lymph cysts, or lymph fistulae confirms the 
diagnosis.

Palpation: Fibrosis can be detected using the skinfolding test. The skinfold 
between the thumb and index finger is compared with the thickness of the skinfold 
with the opposite side. If there is a lymphedema, the skinfold is always thicker 
(Fig. 45.2). A thickened skinfold detected in the region of the second or third toe is 
referred to as a positive Stemmer sign (Fig. 45.3).

The measurement can be done with a measuring tape (Kuhnke method) or with 
an optoelectronic device (Perometer) [4].

45.3.1  Advanced Diagnostic Measures

If medical history, physical examination, and palpation yield no clinical findings 
and if it’s still unsure as to whether or not the patient has lymphedema, then diag-
nostic measures [5] using high-resolution ultrasound, indirect lymphography, 

Classification according to clinical stages [2]
Stage 0 (interval stage) There is no edema, but a pathological scintigraphical finding 

indicating reduced transport capacity
Stage 1 Is spontaneously reversible, and the swelling may resolve overnight
Stage 2 (spontaneous 
irreversible stage)

The swelling persists without resolving

Stage 3 (elephantiasis) There is a monstrous swelling
Classification according to localization [2]
Localized lymphedema Head, arm, leg, or genital lymphedema or lymphostatic enteropathy
Generalized 
lymphedema

The whole body can be affected

Table 45.1 (continued)
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Fig. 45.1 Deep skin 
creases, box-shaped teeth, 
and papillomatosis cutis 
lymphostatica at the first 
and second toe (picture: 
©Apich)

Fig. 45.2 Positive 
skinfolding test of the right 
thigh (picture: ©Apich)

Fig. 45.3 Positive 
Stemmer sign on the right 
second toe (picture: 
©Apich)
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scintigraphic quantification of lymphatic function (gold standard), computed 
tomography (CT), magnetic resonance imaging (MRI), near-infrared fluorescence 
(NIRF) imaging methods, or bioelectrical impedance analysis should be used.

45.4  Differential Diagnosis

45.4.1  Asymmetrical Edema

These may occur in venous thromboses, post-thrombosis syndrome, post-recon-
structive edema, status following supination trauma of the ankle, inflammatory 
edema attributable to polyarthritis, in Sudeck’s atrophy, a ruptured Baker’s cyst can 
lead to asymmetric swelling—to name but a few.

45.4.2  Symmetrical Edema

It can be cardiac, nephrogenic, or hepatogenic or can be found in cases of lipoedema 
or obesity or by taking medication.

Especially elderly patients might have the so-called mixed edema, a combination 
of lymphedema (asymmetric) and symmetrical edema in generalized systemic 
diseases.

45.5  Therapy Options for Lymphedema

45.5.1  Conservative Therapy

Complete decongestive therapy (CDT) has the following purposes:

• Reducing the current stage of lymphedema to a lower stage
• Edema and volume reduction (Fig. 45.4)
• Consistency normalization
• Improving muscle and joint pump function
• Instructing patients in self-treatment techniques such as performing manual 

lymph drainage on their own, the lymphological compression bandage tech-
nique, and decongesting exercises

This treatment aims to reintegrate the patients into their social and work environ-
ment, to obtain a psychological stabilization [6, 7] and an improved quality of life 
[8]. Furthermore, it avoids the onset of complications such as erysipelas infections, 
mycosis, papillomatosis cutis lymphostatica, and lymphangiosarcoma and reduces 
the need for nursing care.

CDT can be performed on an outpatient and inpatient basis and consists of two 
phases.
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45.5.2  Phase 1 of Manual Decongestion Therapy

It allows the mobilization and drainage of accumulation of protein-rich fluid in the 
interstitium. This phase includes skin rehabilitation, antisepsis, and care, manual 
lymph drainage (MLD), compression therapy, and decongestion movement 
therapy.

Regular skin care is essential, in fact, aging skin tends to dry out due to drugs, lack 
of hydration, and various comorbidities. This can be further enhanced by the mechani-
cal effect and the suction of the compression treatment.

Manual lymph drainage (MLD) promotes anastomosis formation, an increase 
in the motor unit of lymph drainage, and increased transport capacity. General 

Volume before therapy
Right leg:  13.070 ml
Left leg:    27.976 ml

Volume after therapy
Right leg:  10.777 ml
Left leg:    13.992 ml

Reduction of lymphedema
after therapy:
Right leg:  -2.293 ml
Left leg:   -13.984 ml

Fig. 45.4 Edema and volume reduction after successful conservative lymphedema therapy with 
the complex decongestive physical therapy (CDT) using the example of a secondary lymphedema 
of the left leg (picture: ©Apich)
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contraindications for MLD [9] are acute diseases such as cardiac failure, infections, 
and thrombophlebitis and venous thrombosis.

Compression therapy is done with compression bandages and aims to increase 
the interstitial pressure, to reduce ultrafiltration, to augment reabsorption, to enhance 
transport capacity, and to loosen fibrosclerotic tissue.

First of all, skin care, using a well-tolerated skin care product, is crucial, because 
otherwise the compression bandage will provoke skin degreasing and dryness. The 
second purpose is to protect the skin, by using a knitted tube over the affected part; 
this tube absorbs perspiration and protects the skin. Then, a fleece padding is 
applied to avoid unevenness, to distribute compression pressure evenly, and to 
compensate for wrapping glitches. A short-stretch bandage finishes the compres-
sion bandage.

Absolute contraindications for compression bandages are very poorly compen-
sated cardiac insufficiency in the presence of acute cardiac failure, peripheral arte-
rial occlusive disease (PAOD) stages III and IV, scleroderma, Sudeck’s atrophy, 
abscesses, boils, and the loss of skin sensitivity [10].

The decongestion movement therapy, wearing compression bandages or com-
pression stockings, stimulates the muscle and joint pumps and thus promotes venous 
and lymphatic drainage.

At the end of phase 1, the patient wears medical compression stockings, which 
were previously measured by an experienced technician (a flat knitwear for the 
stockings should be used).

Contraindications to the use and the compliance to wear the stockings are to be 
considered, especially in elderly patients. It should be noted that bedridden patients 
require a lower pressure bandage than ambulatory active patients.

45.5.3  Phase 2 of Manual Decongestion Therapy

The main purpose of phase 2 is the preservation of the therapeutic success achieved 
thus far. This phase is identical to phase 1, except that compression therapy is car-
ried out using custom-made medical compression stockings that the patient should 
wear during the day. During the night, if necessary, the extremities can be bandaged. 
Patients should do decongestion exercises while wearing the compression stockings 
(e.g., Nordic walking, swimming, or training with a cross-trainer in the presence of 
an arm lymphedema; walking, Nordic walking, biking, hiking, and using a cross- 
trainer, in case of leg lymphedema).

The implementation of the CDT should be stage-adjusted but depends also on 
the location (arm, leg, genital, head, or combined) and on coexisting comorbidities 
(e.g., congestive heart failure, muscular-skeletal disorders, mental illness, frailty). 
The therapy should be modified especially for the elderly persons and for patients 
with malignant lymphedema.
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45.5.4  Medications

Currently, no medication cures lymphedema. In the event of complications such as 
erysipelas infections, penicillin is prescribed, usually for 14 days or more [11]. For 
patients who are allergic or resistant to penicillin, clindamycin or a macrolide anti-
biotic such as erythromycin is prescribed. Diuretics are unsuitable for lymphedema 
management, because they decrease fluid content in the interstitial space without 
reducing protein levels; thus, they have the reverse of the desired effect—because 
the proteins determine a stronger fibrotic reaction.

45.5.5  Instructions

Patients can be trained on how to apply their own bandages, to do lymph drainage; 
they also acquire some information on skin antisepsis, skin care, nutritional coun-
seling, lifestyle changes (e.g., reduce weight, stop smoking), and psychological 
self-help techniques. If necessary, relatives can also receive a training in some skills, 
such as compression bandaging.

45.5.6  Additive Physical Therapy [12]

45.5.6.1  Specific Therapies for Lymphedema
The intermittent pneumatic compression [13] promotes the displacement of intersti-
tial fluid. It is no substitute for manual lymph drainage. Mechanical negative pres-
sure therapy, known as LymphaTouch, loosens tissue that deteriorated due to 
fibrosclerosis, and it stimulates the motor unit of lymph drainage. The low-level 
laser therapy works on the same principle and also acts as an anti-inflammatory 
[14]. Lymph taping also enhances the motor unit of lymph drainage. All these thera-
pies lead to a lymphedema volume reduction.

45.5.6.2  Non-specific Therapies for Lymphedema
Conditions such as obesity, muscular impairment, and movement restrictions can 
undermine or even cancel the therapeutic effects of CDT and need to be managed. In 
this regard, highly hyperemizing measures should be avoided in the edematous regions, 
as they can provoke an increase in the lymph-dependent load and thus exacerbate exist-
ing lymphedema. However, these measures can be applied outside the affected regions 
and include strength and endurance training (Nordic walking), movement therapy 
involving decongestion exercises, and physical modalities such as electrotherapy, ultra-
sound, heat therapy, laser therapy, magnetic field therapy [15], respiration therapy, 
sensory-motor training, ergotherapy, speech therapy (particularly in head, neck, and 
facial lymphedema), and exercises for swallowing disorders, breathing, and voice. 
Physical modalities are also helpful and necessary for pain therapy, if present.
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45.5.6.3  Operative Management
Surgery is used as alternative measure only after all conservative therapeutic options 
have been exhausted and only if therapeutic success has been too low or if therapy 
has failed completely. The surgical treatments are resection and drainage proce-
dures, as well as reconstructive procedures.

45.5.6.4  Follow-Up Visits
Lymphological follow-up visits should be performed once a year and, in the event 
of complications, earlier, to ensure the preservation of the therapeutic success over 
the long term. Medical visits include medical examinations, checking volume 
changes, the patient’s skin, and his medical compression stockings.

 Conclusion

Lymphatic rehabilitation of the elderly is a multimodal and interdisciplinary 
therapy. Especially in the older patient, it is important to modify the therapy 
according to the individual characteristics, in order to obtain a long-term 
improvement and to ameliorate the quality of life.
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46Pulmonary Rehabilitation in the Elderly

Beatrice Nordio, Marco Poletti, Silvia Iovino, 
and Andrea Vianello

46.1  Introduction

Dyspnea, fatigue, lower exercise tolerance, peripheral muscle dysfunction, and 
mood disorders are commonly noted in elderly patients with chronic obstructive 
pulmonary disease (COPD) and other chronic respiratory disorders who may ben-
efit from a pulmonary rehabilitation program (PRP) aiming to achieve personalized 
goals as far as symptoms, physical functioning, quality of life (QoL), hospitaliza-
tion, and morbidity are concerned.

According to the most recent recommendations and guidelines, pulmonary 
rehabilitation (PR) can be defined as a comprehensive patient-tailored interven-
tion including exercise training, education, and behavioral change that is pre-
scribed on the basis of an exhaustive personalized assessment and that aims to 
improve the physical and psychological conditions of persons with chronic respi-
ratory diseases and to promote their long-term adherence to health-enhancing 
behavior and activities [1].

Commonly managed by a specialized, interdisciplinary team, PR can be initiated 
at any stage of a respiratory disorder, even during an acute exacerbation phase, and 
is being prescribed to an increasing number of elderly patients with COPD and/or 
other respiratory disorders (e.g., bronchiectasis, interstitial lung diseases, neuro-
muscular diseases, etc.). Although rare, contraindications to PR include severe cog-
nitive dysfunction or psychiatric illness, unstable comorbidity (e.g., unstable angina, 
uncompensated congestive heart failure, etc.), severe exercise-induced hypoxemia, 
inability to exercise, lack of motivation, nonadherence, inadequate financial 
resources, and persistence of smoking [1–3].
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As candidates for PRP show significant differences in underlying pathophysiol-
ogy, symptoms, and disease course, an individualized approach is preferred to a 
standard rehabilitation plan. PR can produce many benefits in both inpatients and 
outpatients, as well as in housebound patients; the ideal location depends on the 
patient’s preference, its cost, and availability. The minimum duration for an effec-
tive PRP is 8 weeks, but longer programs almost certainly produce greater benefits. 
Withdrawal from these kinds of rehabilitation plans seems to range from 10% to 
32%, and the causes seem to be linked to exacerbation of the underlying disease, 
depressive symptoms, lack of family support, and/or transportation problems.

46.2  Technical Aspects

The main components of a PRP are listed in Table 46.1. PR is implemented by a 
specialized, interdisciplinary team, including physicians and other healthcare pro-
fessionals such as physiotherapists, respiratory therapists, nurses, psychologists, 
behavioral specialists, exercise physiologists, nutritionists, occupational thera-
pists, and social workers, depending on the characteristics of the individualized 
program (Table 46.2). In most cases, a pulmonologist heads the PR team. While a 
physical therapist provides a specific exercise regimen personalized to the patient’s 
individual goals and needs, an occupational therapist is usually responsible for 
teaching conservation measures and assesses the need for prosthetic devices or 

Table 46.1 Components of a 
pulmonary rehabilitation program

Assessment
Symptom evaluation
Quality-of-life measurements
Pulmonary function tests
Comorbidities and therapy
Exercise training
Endurance training
Interval training
Resistance/strength training
Flexibility training
Upper limb training
Inspiratory muscle training
Neuromuscular electrical stimulation
Maximizing the effects of exercise training
Pharmacotherapy
Oxygen and helium–oxygen hyperoxic gas mixtures
Noninvasive positive pressure ventilation
Education
Behavior change
Collaborative self-management
Addressing motivational issues
Breathing strategies
Pursed-lip breathing
Computer-aided breathing feedback
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wheelchairs. A respiratory therapist supervises the exercise program and teaches 
the patient how to do breathing exercises, as well as the proper use of aerosol 
medication and oxygen therapy. Every candidate needs to undergo a thorough 
assessment before beginning a PRP so that the most beneficial exercises can be 
identified and prescribed, to rule out comorbidities, to make appropriate adjust-
ments to the program, and to optimize medical therapy. Once underway, all the 
professionals involved in the PRP should meet on a regular basis to examine each 
patient’s individual progress and to discuss variations that could help him/her to 
reach the goals established [1–3].

46.2.1  Assessment

As mentioned above, a complete, comprehensive evaluation of the patient’s physi-
cal, psychological, and lung function status should be performed to establish the 
candidate’s suitability for PRP. The most frequently reported symptoms are fatigue, 
cough, weakness, and dyspnea at rest and/or during exertion. St. George’s 
Respiratory Questionnaire (SGRQ), the Chronic Respiratory Disease Questionnaire 
(CRQ), and the COPD Assessment Test (CAT) are the most common questionnaires 
that are used for symptom assessment. The presence of depression and anxiety 
should also be evaluated, as both conditions can adversely affect a patient’s ability 
to participate in a PRP. The patient’s capacity to complete activities of daily living 
(ADL) can be rated using performance scales, including the Manchester Respiratory 
Activities of Daily Living Scale, the Pulmonary Functional Status and Dyspnea 
Questionnaire, and the London Chest Activity of Daily Living Scale. Physicians 
should also evaluate if the patient is following an optimal medical regimen usually 
consisting in inhaled bronchodilators and corticosteroids, and if need be, long-term 
oxygen therapy.

Pulmonary function tests (PFT) should be routinely included in a candidate’s 
comprehensive pre-PR evaluation since they are essential to confirm the diagnosis 
of the underlying disease, to assess the level of ventilatory impairment, and to evalu-
ate the effect of pharmacologic therapy. Static and dynamic lung volumes including 
total lung capacity (TLC), forced vital capacity (FVC), forced expiratory volume in 
first second (FEV1), and FEV1/FVC ratio can be utilized to identify an obstructive 

Table 46.2 Multidisciplinary team 
participants in a pulmonary rehabilitation 
team

Pulmonologist
Respiratory therapist
Physical therapist
Educational therapist
Nurse/exercise physiologists
Nutritionist
Social worker
Psychologist/behavioral specialist
Occupational therapist
Social worker
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and/or restrictive ventilatory defect (Figs. 46.1 and 46.2). While a reduction in the 
FEV1/FVC ratio below the predicted value is consistent with an obstructive ventila-
tory impairment, the lack of response to inhaled bronchodilator therapy may con-
tribute to establishing a diagnosis of COPD (Fig. 46.3). A specific evaluation of 
respiratory muscle strength is mandatory for patients with neuromuscular disorders 
(e.g., amyotrophic lateral sclerosis, myasthenia gravis, muscular dystrophies, etc.), 
which is based on the measurement of maximal inspiratory and expiratory pressure 
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(MIP, MEP); a high negative MIP value (<−80 cm H2O) or a high positive MEP 
value (>+90 cm H2O) can, respectively, exclude clinically relevant inspiratory or 
expiratory muscle weakness. Functional tests should also include a maximal cardio-
pulmonary exercise testing (CPET) that may provide essential data to identify fac-
tors contributing to exercise limitation, assess the safety of exercise, and establish 
the patient’s maximal work rate.

46.2.2  Exercise Training

Patients with chronic respiratory disorder commonly show shortness of breath 
leading to inactivity which, in turn, leads to a loss of muscle strength, mobility 
problems, sarcopenia, and cardiac dysfunction. Age-related pulmonary function 
decline and the presence of comorbidities may limit exercise even further. 
Considered the cornerstone of PR, exercise training is the best method to improve 
muscle function. An improvement in skeletal muscle function after exercise train-
ing leads to greater exercise capacity despite the absence of changes in lung func-
tion. The improved oxidative capacity and efficiency of the skeletal muscles lead, 
moreover, to a lower ventilatory requirement for a given submaximal work rate, 
which, in turn, may reduce dynamic hyperinflation and exertional dyspnea. 
Although the total amount of work should be individualized depending on the 
patient’s specific need to ameliorate aerobic capacity and muscle strength, training 
on a regular basis with activity loads exceeding those of everyday life is essential 
to improve exercise performance.
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A variety of exercise regimens are available for exercise training [1–3]:

 1. Endurance training. Endurance training can improve aerobic capacity and 
reduce breathlessness and fatigue by ameliorating cardiorespiratory function. 
High-intensity endurance training performed by cycling or walking is usually 
prescribed five times per week, at an intensity of continuous exercise (>60% of 
maximal work rate) for 20–60 min sessions. Work intensity can be established 
on the basis of the results of the Borg Dyspnea Scale (target 4–6) or the Rating 
of Perceived Exertion (RPE) (target 12–14). The benefits expected include 
improvement in exercise tolerance, muscle function, and bioenergetics.

 2. Interval training. Interval training combines high-intensity exercise with peri-
ods of rest or low-intensity work to help the patient achieve a high training load 
while avoiding the onset of dyspnea and fatigue. The strategy is particularly 
indicated for patients with severe exercise-induced dyspnea and/or severe 
comorbidities.

 3. Resistance/strength training. As patients with chronic respiratory diseases can 
also show reduced muscle mass and strength that may, in turn, limit exercise 
tolerance, they may benefit from strength training of specific muscle groups, in 
particular repetitive lifting of heavy weights. Interestingly, a combination of 
resistive and endurance training has been found to be extremely effective in 
increasing exercise capacity, with the additional advantage of counteracting an 
abnormal loss of bone mineral density that is common among COPD patients.

 4. Flexibility training. Postural abnormalities such as thoracic kyphosis, increased 
chest anterior-posterior diameter, shoulder elevation, and protraction or trunk 
flexure may accelerate pulmonary function decline, increase the work of breath-
ing, and worsen QoL in COPD patients. Upper and lower body flexibility pro-
grams, including stretching of the major muscle groups, at least 2–3 days per 
week, can improve thoracic posture and mobility.

 5. Upper limb training. Aerobic upper limb resistance training should help the 
patient with self-care activities including dressing, bathing, and simple house-
hold tasks.

 6. Inspiratory muscle training. Elderly patients with respiratory impairment may 
show diminished pressure-generating capacity by the inspiratory muscles that 
may reduce exercise tolerance and contribute to dyspnea. Inspiratory muscle 
training in this case could be particularly advantageous.

 7. Transcutaneous neuromuscular electrical stimulation (NSE). NSE, which 
can improve skeletal muscle strength and exercise capacity and decrease dys-
pnea and fatigue, can be utilized in deconditioned individuals with severe venti-
latory or cardiac limitations. This technique may be beneficial to individuals 
with cognitive and psychological difficulties and/or severe dyspnea who are not 
eligible for standard PRPs.

Frequency, intensity, and specificity of exercise sessions are the most important 
variables determining the impact of training:

B. Nordio et al.



461

 1. Frequency. For pragmatic reasons, most PRPs organize sessions two or three 
times weekly. Although some evidence indicates that two sessions per week may 
be inadequate to produce effects, it is also true that most therapists instruct 
patients to exercise at home in between sessions.

 2. Intensity. Most studies indicate that there is a threshold for the training effect. 
An improvement in endurance seems to be a virtual certainty if a level of inten-
sity corresponding to 60–75% of the maximum oxygen uptake can be sustained 
for at least 20–30 min a few days per week.

 3. Specificity. Training regimens are prescribed that are specific to the patient’s 
needs. For example, walking endurance activities increase walking endurance 
and thus the lower extremities but not the upper ones. Furthermore, endurance 
exercises improve endurance capabilities more than strength, whereas strength 
training (i.e., weightlifting) increases strength but not necessarily endurance or 
other outcomes such as exercise capacity or health status. Most programs, thus, 
incorporate a variety of training regimens.

46.2.2.1  Maximizing the Effects of Exercise Training
The effect of exercise training can be enhanced by a number of measures aiming to 
improve ventilatory capacity and blood gas exchanges, including the utilization of 
bronchodilators, oxygen and helium–oxygen hyperoxic gas mixtures, and noninva-
sive mechanical ventilation.

 1. Pharmacological agents. Pharmacologic therapy is one of the key components of 
a treatment management plan for subjects with chronic airflow limitation aiming 
to prevent and control symptoms, reduce exacerbations, and improve exercise tol-
erance and general health status. Inhaled bronchodilators can increase expiratory 
flow and reduce dynamic hyperinflation by acting on the airway smooth muscles. 
Since it increases exercise tolerance, bronchodilators are an essential component 
of PRP in elderly patients with COPD [4]. Although studies on anabolic hormonal 
supplementation, and in particular testosterone analogs, have demonstrated that 
they produce a positive effect on muscle mass, they do not seem to induce a signifi-
cant increase in muscle strength and endurance in individuals with COPD [1].

 2. Supplemental oxygen therapy. Oxygen therapy is usually considered a routine 
supplementary measure in patients with respiratory diseases enrolled in a PRP as 
it tends to improve exercise tolerance and reduce breathlessness. Studies evaluat-
ing the efficacy of oxygen supplementation during exercise training have, never-
theless, produced conflicting results. In fact, while oxygen therapy with respect to 
compressed air results in higher training intensity in normoxic individuals with 
moderate to severe COPD, supplemental oxygen does not improve exercise toler-
ance and/or health status in individuals with severe COPD and exercise- induced 
hypoxemia. Given these considerations, it is not entirely clear if supplemental 
oxygen therapy is beneficial during exercise training. Of interest, patients admin-
istered with long-term oxygen therapy commonly require augmented oxygen 
flow rate during exercise to maintain adequate oxygenation [5]. With respect to 
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room air, heliox, which is helium–oxygen mixture, may reduce gas density and 
lower airway resistance and air trapping in patients with obstructive disease, 
thereby enhancing exercise tolerance. Although heliox theoretically appears to be 
an effective tool to augment maximal work rate during training, evidence suggest-
ing that it can have a beneficial impact on exercise training is still inconsistent [6].

 3. Noninvasive positive pressure ventilation. Recent studies have shown that long-
term use of noninvasive positive pressure ventilation (NPPV) can improve func-
tional status, prevent deterioration of gas exchanges, and reduce hospitalization in 
patients with severe COPD. NPPV can, moreover, reduce the work of breathing and 
improve exertional dyspnea during exercise, making it possible to prolong a train-
ing session. Due to expiratory flow limitation and a higher respiratory rate, COPD 
patients may, in fact, experience air trapping during exercise, leading to elevated 
end-expiratory lung volume (EELV). This phenomenon, also known as “dynamic 
hyperinflation,” which may significantly increase the elastic work of breathing, 
worsen exertional dyspnea, and reduce exercise tolerance, can be effectively coun-
teracted by NPPV [7]. Used as an integral part of PRP, NPPV also allows respira-
tory muscles to rest at the end of a training session. Despite results demonstrating 
its efficacy, provided that its application is labor- intensive, the use of NPPV as an 
adjunctive component of a PRP is still uncommon and requires the supervision of 
experienced personnel. Interestingly, NPPV can be also used to improve exercise 
tolerance during recovery from an acute exacerbation of COPD [8].

46.2.3  Education

One of the aims of PR is to cover the educational needs of participants, in particular 
COPD patients. Specific educational and self-management information is furnished 
to patients in the attempt to promote positive changes in health habits and behaviors, 
such as reducing exposure to risks, maximizing compliance to medications, and 
adhering to a more active lifestyle. The effectiveness of educational programs for 
COPD patients has not been specifically studied, although a Cochrane review con-
cluded that it is associated with improvement in QoL and lower hospitalization rate. 
Actual scientific evidence has not, however, confirmed the value of self- management 
education in COPD patients [9, 10].

46.2.4  Other Interventions

 1. Breathing Strategies
As stated earlier, individuals with obstructive lung disease, and particularly 
COPD, may have dynamic hyperinflation, which limits exercise capacity. Because 
breathing retraining focuses on slowing the respiratory rate, primarily through 
prolonged expiration, it may be beneficial in reducing dyspnea via diminishing 
exercise- induced dynamic hyperinflation. Adaptive breathing strategies using 
yoga breathing techniques, pursed-lip breathing, and computer-aided breathing 
feedback have been employed.
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 2. Nutritional Support
Nutritional support is an important aspect of PR. Indeed, patients with chronic 
respiratory conditions are frequently either over- or underweight, and a low body 
mass index correlates with a worse prognosis. Survival analysis studies have 
shown that body weight has an independent effect on survival in COPD, and the 
negative effect of low body weight can be reversed by appropriate therapy in 
some patients. A number of studies have reported that nutritional interventions 
improve outcomes. In particular, creatine supplementation has been associated 
with improvements in fat-free muscle mass, strength, and QoL score.

46.3  Clinical Applications

46.3.1  COPD

According to the American Thoracic Society (ATS)/European Respiratory Society 
(ERS) definition, COPD is a preventable, treatable disease state characterized by 
airflow limitation that is not fully reversible. The airflow limitation is usually pro-
gressive and is associated with an abnormal inflammatory response of the lungs to 
noxious particles or gases, primarily caused by cigarette smoking. Although COPD 
affects the lungs, it also produces significant systemic consequences. Symptoms 
such as fatigue, shortness of breath, and weight loss are commonly present and 
contribute to the patient’s overall health status burden. In addition, acute disease 
exacerbations and hospitalizations may significantly contribute to progressive dis-
ability. Nearly all symptomatic COPD patients could benefit from PR to help main-
tain functional capacities and to substantially reduce symptoms. The presence of 
depressive symptoms should not prevent the patient from participating in PR, and 
the therapist should be aware that it may even have a positive physical and psycho-
logical effect.

Elderly COPD patients often have difficulty in carrying out tasks used to mea-
sure physical capacity (e.g., treadmill maximal exercise test) due to their muscle 
strength limitation which does not permit them to achieve maximal exercise perfor-
mance. Surrogate and/or submaximal tests such as the six-minute walking test 
(6MWT) could be utilized in this population. Indeed, since patients are free to walk 
at their preferred intensity during this test and most daily activities are performed at 
submaximal levels of strength and intensity, the 6MWT may perfectly reflect the 
individual’s functional adaptation to exercise during these activities. A cutoff value 
below 350 walked meters is generally considered the threshold limit predicting poor 
prognosis in these patients [11]. A standard PRP for these patients should include 
exercise training, smoking cessation, nutrition counseling, and education. Aerobic 
exercise is, in particular, the best comprehensive intervention, as it involves the 
upper and lower extremities and aims to enhance muscle strength and endurance. 
The combination of resistance and endurance training seems to be able to increase 
muscle strength and mass, to restore the highest possible level of independent func-
tion, and to substantially reduce symptoms. A standard PRP can be feasible and 
operational in a variety of settings, including the patients’ home, even if patients 
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present severe chronic respiratory insufficiency or following acute decompensation 
and/or hospitalization. Although there have been reports that PR improves patients’ 
general health status and physical performance, its effect on the rate of exacerba-
tions is controversial. A significant increase in muscle strength, gait speed, and stair 
climbing has been reported in most frail COPD patients older than 80 who have 
participated in a PRP including at least 4 weeks of exercise training. Supervised 
programs have led to greater benefit with respect to unsupervised ones. A short 
comprehensive program including education, exercise, physiotherapy, and occupa-
tional therapy in elderly COPD inpatients recovering from acute exacerbation has 
been found to be associated with lower readmission rates over the following year 
with respect to untreated ones.

46.3.2  Non-COPD Disorders

Benefits linked to PRP can also be found in elderly patients with non-COPD respi-
ratory disorders (Table 46.3), but precisely because these patients may have particu-
lar requirements, the PRP needs to be individually tailored for them.

 1. Interstitial lung diseases. Interstitial lung diseases (ILDs), functionally character-
ized by a restrictive ventilatory pattern, are a heterogeneous group of diseases 
affecting the pulmonary interstitium. Exercise intolerance, which is a key feature 
of ILDs, is often associated with marked dyspnea on exertion. Poor exercise toler-
ance is associated with reduced QoL and poor survival. Exercise limitation in ILD 
is due to altered respiratory mechanics, impaired gas exchange, and circulatory 
limitation. Exercised-induced hypoxia and pulmonary hypertension are common 
in ILDs. Physical deconditioning probably plays a role in ILD, just as it does in 
other chronic respiratory diseases. Avoidance of activities and breathlessness may 
likewise, in turn, provoke dyspnea and fatigue and further curtailment of physical 
activity. Emerging evidence suggests that PR may result in relevant short-term 
benefits in patients with ILD. Although the pathophysiologic mechanisms in respi-
ratory limitation in COPD and ILD differ, the similarities in clinical problems 
(exercise intolerance, muscle dysfunction, dyspnea, impaired QoL) suggest that 
PR could produce substantial improvements in these patients as well. Sporadic 
studies on the effect of PR in ILD patients have indicated that they need close 
supervision and that appropriate adjustments must be made to standard program 
outlines. They have also demonstrated that in many cases improvements are not 

Table 46.3 Non-COPD 
chronic lung disorders and 
respiratory conditions that 
may benefit from a pulmo-
nary rehabilitation program 
in the elderly patients

• Chest wall disease
• Interstitial lung disease; post- ARDS pulmonary fibrosis
• Lung cancer
• Non-cystic fibrosis bronchiectasis
• Neuromuscular diseases such as post-polio syndrome
• Pulmonary vascular disease
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maintained at the 6-month follow-up assessment. Supplemental oxygen should be 
made available to ILD patients during exercise training given the high risk of 
severe hypoxemia and pulmonary hypertension [12, 13].

Although recent studies have not shown that PR produces significant effects in 
patients with idiopathic pulmonary fibrosis (IPF), current guidelines for its manage-
ment recommend that it should be prescribed to most patients. Given dramatic dis-
ease progression, timely referral to a PRP is particularly important in patients in 
whom it is essential to maintain muscle strength and endurance [14]. Besides exer-
cise training, advance care planning to optimize activities of daily living and man-
agement of mood disorders should also be taken into consideration [1, 13].

 2. Non-cystic fibrosis-related bronchiectasis. Bronchiectasis refers to the abnor-
mal, irreversible dilatation of the bronchi caused by chronic inflammatory 
changes in the bronchial walls, leading to parenchymal structural alterations, 
progressive airflow obstruction, and dynamic hyperinflation. Their predominant 
symptoms include chronic cough with purulent sputum, recurrent pulmonary 
infections, dyspnea, exercise limitation, and reduction of QoL. Many patients 
experience recurrent exacerbations, and a higher frequency predicts a poorer 
prognosis. Additionally, reduction in exercise capacity has been associated with 
progressive airflow obstruction, dyspnea secondary to dynamic hyperinflation, 
and psychological impairment. International guidelines recommend that these 
patients be provided PR aiming to improve physical capacity and QoL. A PRP is 
commonly based on endurance exercise training combined with inspiratory mus-
cle training (IMT) and airway clearance techniques. A large retrospective study 
concluded that the magnitude and duration of benefits in exercise capacity and 
QoL are similar to those observed in COPD. A PRP may also provide an ideal 
opportunity to initiate or optimize airway clearance, with regular monitoring and 
technique review. Although airway clearance techniques have positive effects on 
sputum expectoration, their impact on lung function and QoL warrants further 
studies [1, 2, 15].

 3. Neuromuscular disorders (NMDs). NMDs include a heterogeneous group of 
approximately 600 different diseases, showing various symptoms, functional 
limitations, and prognoses. Pulmonary complications caused by respiratory 
muscle dysfunction are commonly a source of morbidity and mortality in patients 
with NMD: indeed, due to the progressive weakening of inspiratory muscles, a 
large proportion of patients are known to develop a severe restrictive ventilatory 
impairment requiring periodic monitoring of lung volumes and maximal respira-
tory pressures. Muscle weakness can lead to the progressive onset of alveolar 
hypoventilation and a severe inability to cough. Patients with NMDs are fre-
quently referred to a PR team for adaptation to NPPV: respiratory support pro-
vided by long-term mechanical ventilator, in fact, can be effective in relieving 
respiratory distress symptoms, reversing or stabilizing hypoventilation, improv-
ing sleep quality, enhancing QoL, prolonging survival, and providing long-term 
care benefits. Chronic, progressive hypercapnia and associated symptoms may 
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be resolved in patients with adequate bulbar muscle strength and cognitive func-
tion who use NPPV, via a mouthpiece or a nasal mask. Additional insufflation 
and exsufflation support should be made available by means of manually and/or 
mechanically assisted coughing which can eliminate bronchial secretions. A 
number of patients with NMD may benefit from a comprehensive PRP including 
exercise training, and in particular inspiratory muscle training (IMT). Related 
improvements in inspiratory muscle performance associated with a subjective 
amelioration in the capacity to perform ADL and higher levels of well-being 
have been reported in patients with post-poliomyelitis syndrome [16]. The 
impact of training protocols on force and endurance in patients with NMDs 
remains, however, controversial, and no improvement associated with IMT has 
been reported in those patients who are already retaining CO2. In conclusion, 
exercise training should be prescribed with caution in NMD individuals, as the 
potential for further muscle damage cannot be excluded.

 4. Lung cancer. Mostly caused by tobacco smoking, lung cancer is one of the most 
common cancers worldwide. It is generally classified into non-small cell lung 
cancer (NSCLC) and small cell lung cancer, with the former representing 
85–90% of all cases. Treatment of lung cancer (i.e., surgery, radiotherapy, and/or 
chemotherapy) depends on disease stage but also on the presence of comorbidi-
ties, functional performance, QoL, and peak aerobic capacity. Cancer-related 
symptoms include deconditioning, muscle weakness, fatigue, cachexia, and anx-
iety, frequently resulting in disability. Dyspnea and depressed mood also contrib-
ute to impaired QoL. Preoperative peak exercise treadmill tests often need to be 
curtailed because of leg discomfort in 70% of patients with NSCLC, suggesting 
that extra-pulmonary features, just as lower limb muscle dysfunction, may con-
tribute to poor exercise performance. Physical activity levels generally do not 
spontaneously return to pre-surgery levels and often remain impaired for 6 
months or longer due to leg discomfort in a majority of patients. It would be 
important thus to consider referring lung cancer patients to pre- and postopera-
tive PRPs [1–3]. Preoperative PR can optimize patients’ exercise tolerance and 
overall medical stability before undergoing cancer resection surgery. 
Improvement in exercise performance could also help an inoperable patient 
become a fit candidate for potentially curative surgery. Moreover, a lower inci-
dence of postoperative respiratory morbidity and a shorter postoperative stay 
have been associated with preoperative PR. Data on the optimal length of preop-
erative PR are, however, scarce. Implementing PR in the period between diagno-
sis and treatment may be challenging, as patients and healthcare professionals 
are reluctant to delay lung resection. As a result, the duration of preoperative 
rehabilitation must be dictated by medical necessity. Even a short (2–4 week) 
preoperative PR (including self-efficacy-based exercise prescription, IMT, and 
the practice of slow breathing) can have positive effects on preoperative func-
tional exercise capacity and shorten hospital stay with respect to usual care [1, 
17]. Evidence on the efficacy of postoperative PR in lung cancer patients is 
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limited. While aerobic and strength training programs in the immediate postop-
erative period have been found to improve strength in some studies, they do not 
seem to have any effect on the 6MWT or on QoL. Most postoperative exercise 
training programs are based on existing COPD training programs. Supervised 
programs usually consist in cycle ergometry, treadmill walking, weight training, 
gymnastics, or a combination of these. For those who are unable to follow these 
exercise training modalities due to dyspnea or fatigue, NSE could be a reason-
able alternative. In addition to exercise training, nutritional and psychosocial 
counseling, behavioral change, occupational therapy, and progressive relaxation 
techniques should be considered [1, 18]. The influence of chemotherapy on the 
success of postoperative PR also needs to be clarified. Preliminary data suggest 
that improvements in QoL, exercise performance, and fatigue are limited in 
patients not receiving chemotherapy. Alternative forms of exercise training may 
be effective in enhancing participation in people undergoing chemotherapy. 
Depending on their clinical complexity, postoperative lung cancer patients 
should begin PR after a comprehensive assessment during which comorbidities 
are evaluated by a specialized rehabilitation team using validated objective mea-
surements to establish a tailored PRP.

 Conclusions

PR may reduce the sensation of dyspnea, increase functional exercise capacity, 
and improve the QoL in elderly patients with COPD; patients with chronic respi-
ratory diseases other than COPD may also benefit from a comprehensive, inter-
disciplinary PRP.

Despite the availability of robust evidence supporting the efficacy of PRPs, 
further studies are needed to fill the gaps in our knowledge. The mechanisms and 
components of PRP that are essential for success, the specific exercise prescrip-
tions that produce the greatest benefits, how to sustain and maintain long-term 
benefits, and what non-COPD causes of respiratory impairment respond more 
favorably to PR are important questions that require urgent answers.

Key Points
• Pulmonary rehabilitation (PR) including exercise, education, and nutri-

tional support is the first choice treatment option for elderly patients with 
chronic respiratory disorders.

• Exercise training is the cornerstone of PR.
• PR programs should be individualized according to the specific needs of 

every patient.
• PR can improve the symptoms, general health status, physical perfor-

mance, and quality of life in individuals with COPD as well as in many 
patients with non-COPD respiratory disorders.
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47Postoperative Rehabilitation  
of Elderly Patients

Jannis V. Papathanasiou

47.1  Introduction

According the World Health Organization, the aim of physical and rehabilitation 
medicine (PRM) is to maximize function and minimize limitation of activity and 
restriction of participation, resulting from an underlying impairment or disease [1]. 
Rehabilitation was defined as inpatient multidisciplinary programs with active phys-
iotherapy or occupational therapy, or both, according to the WHO ICF framework. 
Rehabilitation has been also described as the “secret weapon” of geriatric medicine 
and, in tandem with comprehensive clinical assessment, is among the most effective 
interventions. Usually, geriatric PRM is multidisciplinary care, because there are a 
myriad of health-related and contextual factors in complex interaction that must be 
addressed in a coordinated fashion [2]. The PRM team is usually led by a PRM spe-
cialist who has expertise to treat a wide range of pathologies and functional deficits. 
PRM specialists also have to provide pain and spasticity managing and to prescribe 
appropriate prosthetics and orthotics [3]. The PRM interventions are well accepted 
in younger adults with neurological, orthopedic, musculoskeletal, cardiovascular, 
and surgical diseases. Compared to PRM interventions in younger adults, the nature 
of PRM in elderly individuals differs in many aspects related with special needs of 
aging such as multiple comorbidities, causes of disability, frailty, polypharmacy, 
and cognitive nutritional and depression problems. Because of multidisciplinary 
care of elderly patients, the PRM team includes therapists (physical, occupational, 
speech), nurses, prosthetists, psychologist/ psychiatrists, orthotists, dieticians, and 
social workers [4].
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One of the greatest challenges of geriatric rehabilitation is to improve functional 
status and quality of life (QoL) of elderly patients prior to surgery, as well to reduce 
the postoperative complications (PC) and the mortality rate [5]. Apart from 
decreased physical activity and sedentary lifestyle in the elderly and the so-called 
surgical stress syndrome, there is an increasing recognition of the multiple deleteri-
ous effects of hospitalization on elderly individuals as contributors to functional 
decline and iatrogenic complications. The adaptive capacity of elderly patients 
decreases, especially before and after major life events like hospital admissions and 
surgical interventions, making them vulnerable to loss of functioning and reduced 
societal participation [6, 7]. Loss of functioning is observed in up to 50% of hospi-
talized elderly individuals before admission, as a result of decreased functional 
capacity [8]. The majority of elderly inpatients spend 80% of the hospital stay lying 
in bed. Bed rest without medical reason leads to a rapid loss of aerobic capacity and 
lower extremity strength [9, 10].

The effectiveness of geriatric PRM interventions was demonstrated through 
numerous studies [11]. The PRM approach of elderly patients has many variations 
and will be different in different phases of the diseases, as the service is based on 
what the PRM physician assessed as needed for the patient.

The PRM management of elderly patients can be divided into preoperative PRM 
interventions, defined as “the process of enhancing the functional capacity of the 
individual to enable him or her to withstand a stressful event,” and postoperative 
PRM interventions, defined as “a treatment designed to facilitate the process of 
recovery from injury, illness and disease” [12]. Currently, clinical studies indicated 
that interdisciplinary preoperative and postoperative PRM interventions during hos-
pitalization may improve functional capacity, physical performance, and QoL of 
elderly patients [13].

The involvement of interdisciplinary PRM team in the whole rehabilitation pro-
cess has the goal of accurately diagnosing medical conditions and optimizing func-
tional capabilities of frail elderly patients, including early discharge plan 
implementation during inpatient hospital stay [14].

Surgical and medical interventions target the health issues, whereas PRM inter-
ventions (preoperative and postoperative) are designed to augment the functional 
capacity and well-being of the elderly patients. However, we lack evidence of 
whether such PRM interventions also may affect the risks of death and readmissions 
[15, 16].

47.2  Preoperative PRM Management of Elderly Patients

The preoperative PRM management of elderly patients is fundamental in iden-
tifying risk factors for the development of PC and prescript preoperative PRM 
program. The PRM process ideally begins with a comprehensive preoperative 
assessment of the older patient, which is the multidisciplinary assessment of medi-
cal, functional, and psychosocial issues including cardiopulmonary exercise testing 
(CPET), six- minute walk test (6MWT), activities of daily living (ADLs), fall risk, 
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polypharmacy, cognition, mood, social support, etc. In preoperative PRM assess-
ment, additional components as nutritional status, continence, vision, hearing, den-
tition, living situation, and spirituality can be also assessed [17]. The range and 
depth of the preoperative PRM assessment depend on the expertise of the PRM 
team members. The American College of Surgeons and American Geriatric Society 
promulgated recommendations for preoperative assessment of geriatric surgical 
patients, which encompass a wide breadth of health issues (Table 47.1) [18]. 6MWT 
is a well-validated preoperative measure applied in elderly patients that does not 
require sophisticated equipment or extensive training. It is proven that 6MWT has 
excellent test-retest reliability and predicts risk for mortality and mobility loss, as 
well the development of PC in elderly patients [19]. Jones et al. found that falls are 
significantly and strongly associated with PC and readmissions [20].

The PRM team must take into account that elderly patients often underreport 
disability because of lack of self-awareness and cognitive impairment or simply 
minimize their functional limitations [3, 8]. Usually, the elderly patients and their 
families have their own expectations, and these should be reconciled with the PRM 
team’s assessment. Once the preoperative PRM assessment is completed, it is 
important to educate patients and families regarding options for PRM and to set 
expectations in accordance with enhanced recovery programs (ERP), and preopera-
tive PRM interventions produce less anxiety, pain improvement, and patient’s satis-
faction in educated elderly [5, 21]. In general, preoperative PRM interventions aim 
to improve physical function of elderly patients prior to surgery, as well to reduce 
PC, length of hospital stay, and negative effects of the surgical stress syndrome. 
Preoperative PRM programs for elderly surgery patients have been shown to be 
beneficial and safe, and they may include aerobic exercise training, e.g., thoracic 
expansion exercises, taught shoulder exercises, as well as marching on the spot for 

Table 47.1 Preoperative assessment of elderly surgical patient

In addition to conducting a complete history and physical examination of the elderly patient, 
the following assessments are recommended:
• Assess the elderly patient’s cognitive ability
• Screen the elderly patient’s depression
• Identify the elderly patient’s risk factors for developing postoperative delirium
• Screen for alcohol or drug abuse/dependence
•  Perform a preoperative cardiac evaluation according to the American College of Cardiology/

American Heart Association algorithm for patients undergoing noncardiac surgery
• Prevent the elderly patients from postoperative pulmonary complications
• Document the patient’s functional status
• Document the patient’s history of falls
• Determine baseline frailty score
• Assess the elderly patient’s nutritional status
• Take an accurate and detailed medication history and monitor for polypharmacy
• Determine the elderly patient’s treatment goals and family’s expectations

Adapted from “Chow WB, Rosenthal RA, Merkow RP” et al. Optimal preoperative assessment of 
the geriatric surgical patient: a best practices guideline from the American College of Surgeons 
National Surgical Quality Improvement Program and the American Geriatrics Society. J Am Coll 
Surg 2012; 215:453–66
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varying amounts of time, once a day. Aerobic exercise training is associated with 
improved physical fitness of elderly patients before and improved functional recov-
ery after abdominal and thoracic surgery [22]. Evidence demonstrates that respira-
tory muscle training decreases the incidence of PC after abdominal and thoracic 
surgery [23]. The use of different forms of exercise training including endurance 
and interval has been shown to improve musculoskeletal and cardiovascular func-
tion in the elderly patients [24].

Instructions for deep breathing, splinted coughing exercises, and shoulder exer-
cises, as well as exercises for prevention of deep vein thrombosis, are included in 
the information booklet and DVD shared among elderly patients preoperatively. It’s 
proven that patients who are educated prior to surgery have less anxiety, improved 
pain, and patient satisfaction [11, 21, 25].

Elderly patients are encouraged to record data concerning their physical func-
tion, ADL, and QoL in the diary section of the information booklet, which sets out 
what they achieved each day of their hospital stay [5, 6].

47.3  Postoperative PRM Management of Elderly Patients

Postoperative PRM interventions have been shown to be beneficial among elderly 
individuals following surgery procedures. In many studies, it was demonstrated that 
exercise training significantly increases strength and functional and motor perfor-
mance among elderly patients and may also improve the balance and psychological 
factors [26]. In this phase it is beneficial for the PRM team to counsel patients and 
their families on the expected outcomes and various postoperative alternatives. The 
prescription of an appropriate postoperative PRM program tailored to the elderly’s 
specific needs is a part of a multidisciplinary postoperative PRM approach [6]. 
Several high-quality studies have highlighted the early mobilization as the funda-
mental cornerstone of the postoperative PRM management in elderly patients. 
Schweickert et al. found that patients receiving early physical training and occupa-
tional therapy enjoyed better functional outcomes and had a shorter duration of 
delirium and more ventilator-free days, when they were discharged [27]. In general, 
it was prooven in many studies that included eledrly patients, early physical training 
after surgery is feasible and tolerable, resulting in improvement of QoL, physical 
fitness and well-being. Elderly patients should receive the PRM specialist’s advice 
on the first postoperative day and, then, at minimum once a day, until they are able 
to exercise independently [28]. In order to improve the mobility of elderly patients 
who underwent surgery, wall or portable suction drains are used. For elderly patients 
who are unable to leave the bed space, portable exercise bikes or step-ups are used. 
Patients must be encouraged to perform the individual tailored mobilization pro-
gram, which requires a minimum of 60 m walking four times on the first day, 80 m 
on the second day, 100 m on the third day, and then increasing this according to the 
individual [29].

During postoperative mobilization program, elderly patients are encouraged to 
perform posture and arm exercises four times daily. The training intensities are 
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predominately based on heart rate reserve and rated perceived exertion using com-
monly the modified Borg scale. It seems that posture and arm exercises may signifi-
cantly reduce the shoulder dysfunction and regain functional ADL [30, 31]. Various 
training modalities (i.e., endurance, resistive, and interval training) may be included 
in postoperative rehabilitation of elderly patients. It has been shown that these train-
ing modalities are able to improve musculoskeletal and cardiovascular function of 
the elderly individuals [24].

Additional components like pain management and dietary guidance are incorpo-
rated in current postoperative PRM programs for elderly patients. Pain management 
is crucial for the PRM team which deals with pain using various modalities, such as 
analgesic medications, transcutaneous electrical nerve stimulation (TENS), and 
heat and cold applications.

One of the most important issues of postoperative PRM is the discharge of 
elderly patients. Before discharge, elderly surgical patients are checked for func-
tional capacity, functional independence, pain, balance, walking, grip strength, and 
general well-being. Elderly patients are encouraged to record data concerning their 
physical function, ADL, and QoL in the diary section of the information booklet, 
which sets out what they achieved each day of their hospital stay [5, 6]. An indi-
vidual postoperative PRM program is suggested to be followed after discharge in 
order to achieve a fully functional QoL of the elderly patients.

 Conclusion

The effectiveness of geriatric PRM interventions in elderly surgical patients was 
demonstrated through numerous studies. The PRM approach of elderly patients 
has many variations. Currently, clinical studies indicated that interdisciplinary 
preoperative and postoperative PRM interventions during hospitalization may 
improve functional capacity, physical performance, and QoL of elderly patients. 
There is high-quality evidence that preoperative and postoperative PRM pro-
grams, provided to elderly patients undergoing thoracic, abdominal, and major 
joint replacement surgery, are well tolerated, safe, and effective.

Key Points
• The adaptive capacity of elderly patients decreases, especially before and 

after major life events like hospital admissions and surgical interventions.
• The physical and rehabilitation medicine (PRM) in elderly individuals dif-

fers in many aspects compared to PRM in younger adults.
• One of the greatest challenges of geriatric rehabilitation is to improve 

functional status and quality of life (QoL) of elderly patients prior to 
surgery.

• The early mobilization has been highlighted as the fundamental corner-
stone of the postoperative PRM management in elderly patients.

• It’s proven that preoperative and postoperative PRM programs, provided to 
elderly patients undergoing surgery, are well tolerated, safe, and effective.
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48Rehabilitation of Older Patients 
with Chronic Kidney Diseases

Domenico Intiso

48.1  Introduction

Population is dramatically changing as the elderly represent the fastest- growing 
demographic segment, and by 2050, Italian National Institute of Statistics (ISTAT) 
forecasts each of the three persons will be older than 65 years. The incidence of 
chronic kidney diseases (CKD) has been shown to increase with age, and nearly half 
of old people suffer from this condition [1]. CKD has been defined as the presence 
of kidney damage or reduced glomerular filtration rate (GFR) less than 60 mL/
min/1.73 m2 that is present for 3 months or more [2]. According to GFR, CKD is 
graded in five stages from 1 to 5 with 1 indicating a GFR > 90 mL/min/1.73 m2 that 
represent kidney damage with normal or increased kidney function and 5 indicating 
a GFR < 15 mL/min/1.73 m2. This renal functionality is the expression of kidney 
failure and end-stage renal disease requiring hemodialysis. The prevalence of CKD 
varies from 23.4% to 35.8% in people aged 64 years or older [3]. However, as men-
tioned above because the elder population is dramatically growing, it is predictable 
that a larger number of old subjects suffering from CKD will need care and assis-
tance. With respect, it is essential to plan and organize reforms of National Health 
System, making it more resilient to the impact of aging population with CKD in 
order to prevent frailty and to reduce disability. In elders, CKD may be associated 
with the development of disability regardless of body composition, physical perfor-
mance, and comorbidity because well-functioning old people with CKD can develop 
functional limitation. The mechanism may be related to a heightened inflammatory 
state in CKD [4]. Furthermore, in comparison with those with normal renal func-
tion, the elderly patients with CKD are more likely to have increased comorbidities, 
walking impairments, and decrement in quality of life. Therefore, structured and 
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well-resourced primary prevention programs based on reducing the risk factors for 
CKD and rehabilitative strategies adjunct to proper interventions during the renal 
disease could make a big difference in reducing the impact that CKD will predict-
ably have on disability occurrence and related social cost.

48.2  Rehabilitation Role

Rehabilitation has been defined by the World Health Organization (WHO) as “the 
use of all means aimed at reducing the impact of disabling and handicapping condi-
tions and at enabling people with disabilities to achieve optimal social integration.” 
This definition incorporates clinical rehabilitation but also endorses the concept of 
social participation as requiring a matching of the social environment to the needs 
of people with disabilities. The overall aim of rehabilitation is to enable people with 
disabilities to lead the life that they would wish, given any restriction imposed on 
their activities by impairments resulting from illness or injury as well as from their 
personal context [5]. Rehabilitation has been demonstrated effective and efficient in 
reducing the burden of disability and enhancing the opportunities for disabled peo-
ple. Since body impairments and functional limitations can be multiform and vari-
able, an individualized and tailored rehabilitative project has to be planned to reduce 
disability. The rehabilitation project should be tailored on the individual effective 
needs of CKD people considering stage of disease, complications, and comorbidi-
ties. Individualized rehabilitative project should list the procedures that will be 
applied to obtain functional recovery including type of exercises, rehabilitative 
techniques, and timing and duration of application. Furthermore functional goals 
that can be reached and the role of involved personnel staff should also be reported. 
The rehabilitative process is unique in treating people according to a holistic 
approach or a biopsychosocial model with the aim of supporting a person’s inde-
pendent living and autonomy. As a patient-centered process, it has to be appropriate 
to optimize both activity and participation to ameliorate person’s quality of life.

48.3  Rehabilitation in Elder Subjects with CKD

Exercise capacity and quality of life are markedly impaired in chronic kidney dis-
ease. In the early stages of elder people suffering from CKD, musculoskeletal 
impairment and multi-organ disturbances can cause higher risk of mobility reduc-
tion. This condition could lead to a greater decline in gait speed with functional 
limitation [6]. Walking ability reduction and capacity to move to outside one’s home 
and neighborhood may cause lesser participation in family, religious services, and 
social activities. CKD old people can develop earlier these functional limitations 
compared to elders without CKD. Therefore, they could more prone to isolation and 
to conditions that promote reduced stimulation and motivation as well as mood and 
cognitive disorders. Furthermore, old patients with CKD are more likely to have 
decrement in quality of life compared to elders with normal renal function. Elders 
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with GFR less than 45 mL/min/1.73 m2 have a decline in basic activities of daily 
living (BADL) greater than those without CKD [7]. Several rehabilitative strategies 
and approaches can be engaged in these people to delay the functional limitation 
and to ameliorate the residual abilities, in particular physical activity including aer-
obic and resistance exercises that produce positive effects on cardiorespiratory fit-
ness, physical function, and self-reported health.

Elders with early stage of CKD and not severe limitations have to perform regu-
lar aerobic exercises. Among these, also resistance training exercises should be per-
formed. This type of exercises has been demonstrated to reduce the 
malnutrition-inflammation complex syndrome of CKD improving physical perfor-
mance, muscle mass, and quality of life in subjects with CKD [8] as well as in older 
hemodialysis patients. Of course, not all CKD subjects have to perform regular 
exercises, in particular subjects with severe comorbidities. In addition to that 
reported by American College of Cardiology Foundation/American Heart 
Association [9], several contraindications to exercise are specific to CKD patients 
such as symptomatic hearth arrhythmias, pulmonary congestion, and peripheral 
edema. On the other hand, specific rehabilitative interventions have to be tailored 
whenever multiple comorbidities such as multi-joint arthritis, sarcopenia, heart fail-
ure, and neurological disturbances contribute to the disability. Occupational therapy 
can be an essential rehabilitative strategy in those suffering from CKD and multiple 
comorbidities that affect functional abilities and ADLs. The use of assistive devices 
is a common intervention used to meet the goal of maintaining independence, and 
assistive tools are commonly recommended for ADLs. They include dressing sticks, 
long-handled shoe horns, long-handled sponges, button hooks, shower seats, and 
three-in-one commodes. These items have been shown to be effective in minimizing 
energy output and improving function with self-care and ADLs in patients with 
functional deficits from orthopedic and neuromuscular diseases. Correct techniques 
can save energy, increase time efficiency, and decrease frustration. Rehabilitative 
intervention can help to find the best technique or equipment for particular situation 
and recommend when a caregiver will have to provide more assistance. A further 
essential role of occupational therapy is environmental and home living adaptation 
for CKD elders with functional limitation and comorbidities who are at risk of falls 
that are the leading cause of injury and associated morbidity in elderly. In these 
subjects, proper programs include home hazard assessments by trained individuals, 
removal or modification of identified hazards, installation of safety devices such as 
handrails on stairs and grab bars on bathrooms, and improvements in lighting. Falls 
may lead to decreased mobility, hospitalization, depressive symptoms, functional 
decline, decreased social activity, and poor quality of life [10]. All older adults with 
and without CKD at risk of falling should be offered an exercise program incorpo-
rating balance, gait, and strength training. Since fall risk can depend on several 
factors, a single approach can be insufficient. To date, several trials have demon-
strated that multicomponent and multifactorial interventions resulted in an approxi-
mately 30% relative risk reduction in fall rate [11]. Recently a different model has 
been proposed in caring elder CKD people that should change from traditional 
disease- based model to individualized patient-centered approach [12].
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People with CKD could complain of complex functional impairments and mul-
tisystem clinical disorders needing of specialized care and specific rehabilitative 
interventions. An individualized approach prioritizes patient preferences and 
embraces the notion that observed signs and symptoms often do not reflect a single 
unifying disease process and instead reflect the complex interplay between many 
different factors. This care method could result particularly positive in frail old peo-
ple with CKD. These subjects are mostly inclined toward hospitalization, disability, 
and death. Generally, frailty refers to a condition characterized by a gradual physi-
ologic decline in multiple body systems, by loss of function, loss of physiologic 
reserve, and increased vulnerability to disease and death. The loss of skeletal mus-
cle mass (sarcopenia) is probably a key component of these conditions. Thus, it is 
crucial to develop interventions in decreasing adverse health outcomes. A large 
number of papers have reported that also frail elder people can benefit from regular 
physical activity including aerobic or endurance exercise training [13].

Among frailty factors, one of the most important is loss of muscle mass. 
Although data remain controversial, studies have revealed that aerobic exercises 
can increase muscular mass of extremities in elderly [14]. The right rehabilitative 
interventions should be planned on the functional ability of elders and tailored by 
more structured and interdisciplinary approaches as functional decline advances 
[15]. Interdisciplinary care team including physiatrist, geriatrician, nephrologist, 
and other medical practitioner knowledgeable in the care of older adults such as 
nurses, social worker, and occupational or physical therapist could be more effec-
tive than the usual single- or disease-centered approach in treating multisystem 
disorders of frail old people with CKD in order to obtain the best benefit by the 
one’s own expert and the professional’s competent contribution.

Key Points
• The elder population is dramatically growing; therefore it is predictable 

that a larger number of old subjects suffering from chronic kidney disease 
(CKD) will need care and assistance.

• Exercise capacity and quality of life are markedly impaired in old people 
with CKD, but the rehabilitation can improve the functional limitation 
reducing the impact of disabling and handicapping conditions.

• The rehabilitative approach should be tailored on the individual effective 
needs of CKD people considering stage of disease, complications, and 
comorbidities. Interdisciplinary care team could be more effective than the 
usual single- or disease-centered strategy in treating frail old people with 
CKD.
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49Pelvic Floor Rehabilitation of the Elderly

Paolo Di Benedetto

49.1  Introduction

Pelvic floor rehabilitation (PFR) is nowadays an important strategy for the treat-
ment of many pelvic floor disorders in adults and in older people. The recognized 
pioneer of PFR is the American gynecologist Arnold H. Kegel who in the years 
1948–1951 proposed pelvic floor muscle (PFM) exercises to prevent and/or treat 
female urinary incontinence and genital prolapse. Kegel’s techniques were also 
used successfully by other authors, but as the years passed, they sank into unjusti-
fied oblivion, until the 1980s of the last century when many European authors rekin-
dled in Europe the interest of PFR techniques [1, 2].

In 1992 the International Continence Society (ICS) published its seventh report on 
the standardization of terminology devoted to rehabilitation techniques of the lower 
urinary tract: PFR thus acquired its scientific dignity, and PFM exercises or PFM 
training (PFMT) became considered a fundamental part of therapeutic programs in 
the field of urinary incontinence (UI) [3]. In 1996 American guidelines on the man-
agement of UI in adults emphasized the role of rehabilitation treatment, and, finally, 
in 1998 the ICS during the first International Consultation on Incontinence (ICI) 
proposed the algorithms of UI suggesting PFMT as the initial most important thera-
peutic strategy [4, 5]. In the following years, many researchers showed the efficacy 
of behavioral interventions, especially designed for frail older people with cognitive 
and physical impairments and now considered the mainstay of UI treatment in these 
cases. Contemporaneously PFR has been more and more indicated in many other 
functional disorders of pelvic floor, both in women and males (prevention and treat-
ment of fecal incontinence, pelvic organ prolapse, chronic pelvic pain and sexual 
dysfunction, UI after radical prostatectomy) [6].
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Rehabilitation techniques, appropriately chosen according to the specific prob-
lem, all have the primary objective of improving pelvic floor performance in order 
to allow the perineum to best carry out its functions of pelvic visceral support, blad-
der inhibition, strengthening of the urethral and anal sphincters, and counteracting 
intra-abdominal pressure rises. Whatever the indications or the therapeutic program 
used, the general and specific aims of PFR are the following:

 (a) General aims:

• To support pelvic organs
• To improve pelvic floor and bladder proprioception
• To improve the continence-micturition cycle (in cases of complex bladder 

sphincter and pelvic floor dysfunction)
• To increase or relax the tone of the levator ani consensually activating the peri-

urethral striated muscles and external urethral and anal sphincters
• To improve the perineal closure reflex to abdominal stress
• To lay the bases for good vaginal sensitivity and optimal orgasmic sensation

 (b) Specific aims:

• Gynecological aim: prevention and/or treatment of pelvic organ prolapse
• Urogynecological aim: prevention and/or treatment of urinary incontinence
• Coloproctological aim: prevention and/or treatment of fecal incontinence
• Psychosexual aim: positive effect on the quality of sexual life

PFR consists of biofeedback (BFB), functional electrical stimulation (FES), pel-
vic floor muscle training (PFMT), vaginal cones (VC) in female patients, and 
behavioral interventions [2, 7, 8].

BFB allows the subject to modify the unconscious physiological events, while 
FES and PFMT are aimed to inhibit overactive bladder, improve pelvic awareness, 
and strengthen the pelvic floor muscles (PFM).

PFMT plays an extremely important role in the conservative treatment of overac-
tive bladder (OAB), UI, mild degree of pelvic organ prolapse (POP), and chronic 
pelvic pain (CPP), but in the near future, it should also be proposed as an actual 
secondary and primary prevention of pelvic floor dysfunction. VC are used to 
improve the strength of PFM in women, mainly in cases of self-treatment.

The core of PFMT is a correct PFM contraction that results in a ventral and cra-
nial movement of the perineum and an upward movement of the pelvic organs 
together with an anterior movement caused primarily by the vaginal and rectal parts 
of the levator ani muscle. When the PFM contract, the urethra closes as do the anus 
and the vagina; this contraction is important in preventing involuntary loss of urine 
or rectal contents.

PFMT is indicated particularly in stress urinary incontinence (SUI) where we 
recommend a “sequential” protocol of PFMT: increasing awareness of the pelvic 
floor, PFM strengthening after correction of agonist and antagonist synergies, and, 
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eventually, increasing the reflex contraction of PFM during the raises of abdominal 
pressure [8]. A normal function of PFM is also important in the inhibition of detru-
sor activity.

Age is no barrier to the benefits of PFMT: there is evidence to suggest that older 
people are just as likely to benefit from pelvic floor muscle exercises for inconti-
nence as younger people.

Behavioral interventions, also called urinary voiding programs, are used for 
inhibiting bladder overactivity (bladder retraining) and, predominantly, in frail 
elderly: they require active caregiver participation and include prompted and timed 
voiding. Prompted voiding involves prompts to toilet when the patients have mictu-
rition urgency. Timed or scheduled voiding involves toileting an individual at fixed 
intervals, such as every 2–3 h.

49.2  Pelvic Floor Dysfunction in the Elderly

Pelvic floor dysfunction (PFD) is abnormal functioning of the pelvic floor. The fol-
lowing conditions may occur as a result of PFD in the elderly:

 1. Overactive bladder (urgency, high frequency of micturitions, nocturia)
 2. Urinary incontinence (stress, urge or urgency, and mixed incontinence)
 3. Urinary retention (complete or incomplete)
 4. Fecal incontinence
 5. Chronic constipation
 6. Pelvic organ prolapse
 7. Sexual dysfunction
 8. Chronic pelvic pain syndromes.

Among these conditions, overactive bladder (OAB) and UI are very common 
disorders in older adults. According to the Agency for Healthcare Research and 
Quality (AHRQ), 13 million Americans are incontinent. UI is two to three times 
more common in women than men. High-risk groups for developing UI include 
prior hysterectomy, obesity, history of stroke, chronic obstructive pulmonary dis-
ease, women with POP, men treated for prostate cancer, frail elderly, and nursing 
home residents. In Italy the overall prevalence rate of UI in an institutionalized 
population is 55%, higher in women than in men.

OAB is a syndrome characterized by frequency of urination (more than eight 
times during the day or the night) and almost one episode of urgency, with or with-
out urgency urinary incontinence [5].

UI can have significant negative impact on self-esteem and has been associated 
with increased rates of depression; it also affects quality of life and activities of 
daily living and may result in increased dependence on caregivers. Cognitive impair-
ment and gait abnormalities have been linked to increased rates of both isolated UI 
and combined urinary and fecal incontinence. Tinetti et al. demonstrated a strong 
association between urinary incontinence and an increased risk of falls.
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UI is defined as an involuntary loss of urine: it may be either acute (reversible 
or transient) or chronic (persistent or established). Transient UI is typically caused 
by non-urologic factors such as delirium, infection, atrophic urethritis, pharma-
ceuticals, psychological factors, excess urine output, reduced mobility, and stool 
impaction (diapers). Correction of the underlying problem often leads to resolution 
of the UI. There are a variety of forms of chronic UI, including stress incontinence, 
urge incontinence, mixed incontinence, overflow incontinence, and functional 
incontinence.

Stress urinary incontinence is (SUI) caused by a decrease in outlet resistance at 
the level of the bladder neck: leakage occurs when the pressure in the bladder 
exceeds the outlet closure pressure. Patients describe episodes of incontinence with 
activities that increase intra-abdominal pressure, such as coughing, sneezing, or 
laughing. This may be caused by either urethral hypermobility or intrinsic sphincter 
deficiency, very common in women, mainly in the elderly.

Urgency urinary incontinence (UUI) is typically caused by overactivity of the 
detrusor muscles in the bladder wall. Abnormal contractions during bladder filling 
lead to a sensation of urgency, and if strong enough, these contractions may cause 
urinary leakage. Urgency incontinence is often (but not necessarily) associated with 
neurologic disorders, such as prior stroke.

Mixed urinary incontinence (MUI) is involuntary urine leakage associated with 
both urgency and effort.

The incidence of UI after radical prostatectomy (RP) ranges from 6 to 87%. The 
cause of post-prostatectomy UI might be due to intrinsic sphincter deficiency, OAB, 
and/or decreased bladder compliance.

Overflow incontinence is caused by an inability to completely empty the bladder 
with each voiding attempt. This is often caused by poor detrusor contractility and 
may be associated with chronic conditions such as diabetes mellitus and some neu-
rologic disorders. Patients typically describe constant dribbling incontinence caused 
by leakage from the full bladder. Sensation is often diminished, and patients may 
not sense a high post-void residual (PVR) volume.

A unique form of UI in the elderly population is detrusor hyperactivity with 
impaired contractility (DHIC): described by Resnick and Yalla, this syndrome is 
particularly common in frail elderly people and is essentially a combination of UUI 
and bladder voiding failure [9]. In these cases, the bladder demonstrates abnormal 
detrusor contractions with filling but diminished contractile function during the 
voiding effort. Functional UI is defined as the urinary leakage associated with 
inability to use the toilet because of impairment of cognitive and/or physical func-
tioning, psychological unwillingness, or environmental barriers. With regard to this 
type of UI, Fonda proposed the classification of patients’ toileting capacity, 
defining:

• Independent continence is that of persons not being wet and being able to void 
independently during the day and night.

• Dependent continence is that of persons with cognitive or physical disabilities 
who can be dry because of assistance given.
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• Social continence is that of persons who are incontinent, but the problem is well 
contained with appropriate aids, maintaining personal dignity and caregiver 
morale [5].

Moreover, in the geriatric population, the underlying causes of UI are often mul-
tiple and interact with each other. Common causes of mobility limitations include 
arthritis and gait disturbances. UI seen in people with dementia is often functional 
in origin. Nocturia is another very common complaint in older adults and is gener-
ally associated with functional incontinence. Nocturia can have significant physical 
and psychosocial impacts, including a higher risk of falls and sleep deprivation. The 
pathophysiology in older adults is still not completely understood.

Urinary retention (complete or incomplete UR) can be defined as the inability to 
void the bladder; it is the result of dysfunctional voiding that is related to bladder 
underactivity or bladder outlet obstruction (bladder neck/urethral sphincter/PFM 
overactivity). UR is not infrequent in older people.

Fecal incontinence (FI) rates are more difficult to estimate: prevalence rates vary 
between 2 and 10% in community-dwelling elderly aged without gender difference. 
The most common types of FI in frail older people are related to urgency and pas-
sive leakage. Passive leakage can refer to seepage and staining followed by bowel 
movements that are not associated with fecal urgency and may also occur with fecal 
impaction. Chronic constipation, instead, is more frequent in the elderly (40%), but 
it remains poorly defined: it is not easy to identify functional constipation (slow 
transit time through the colon) and obstructed defecation syndrome (ODS) that 
often are associated. In patients with ODS, the anal sphincter and PFM often fail to 
relax, or even contract, at the defecation.

The incidence of pelvic organ prolapse (POP) increases with age. Approximately 
50% of all women over the age of 50 years complain of symptomatic POP. Some 
studies found that in women evaluated for genital prolapse, 73% reported UI, 
34–62% voiding dysfunction, and 31% fecal incontinence. Surgery for POP is com-
mon also in elderly (11.1 at 80 years) and is not successful for all women.

There are no data regarding the incidence of chronic pelvic pain (CPP); the preva-
lence of multisystem etiology has been estimated at 3.8% of all women. CPP may be 
associated with the concomitant increase in depressive symptoms in the elderly: the 
acronym UPOINT identifies the possible causes of pelvic pain (urinary, psychosocial, 
organ specific, infections, neurologic/systemic, and tenderness of PFM), and in this 
context PFMs and urethral and anal sphincters have to be assessed. In the last years, 
the pivotal role of the short, painful, and/or hypertonic pelvic floor in the development 
of several life-altering and chronic genitourinary conditions has been recognized. It is 
prudent finally to consider pudendal nerve entrapment in all patients with CPP.

Sexual dysfunction (SD) occurs in both men and women, and the overall preva-
lence of these disorders increases with age. Panser et al. conducted a population-
based cross-sectional study of 2115 men and found that, in comparison with men 
aged 40–49 years, older men (70–79 years) are more worried about their overall 
sexual function (24.9 versus 46.6%), reporting higher levels of dissatisfaction, 
decreased libido, and impaired erectile function. They also found that risk factors 
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for erectile dysfunction include comorbid disease (such as diabetes mellitus, heart 
disease, and hypertension) and their pharmacological treatment. Very little is known 
about the psychosocial and physiologic aspects of female sexual dysfunction. 
Several studies have documented that female sexual dysfunction increases with age, 
but the causes of these changes are still poorly understood, even if hyperactivity of 
the PFM is often causally associated with this dysfunction, namely, dyspareunia and 
vaginismus.

49.3  Diagnostic Evaluation of UI and FI

Unless terminally or severely medically ill with short remaining life expectancy (RLE), 
all elderly patients with UI and FI (the most bothersome conditions) should undergo 
a basic evaluation that includes history (including bladder and bowel diary), physical 
examination, measurement of post-void residual (PVR) volume in selected cases, and 
urinalysis. The usual baseline assessment for UI and FI in frail older patients should 
also include assessment of cognition, neurological and physical state, activities of 
daily living (ADL), and social environmental factors. The role of urodynamic tests in 
the evaluation of geriatric UI is controversial: they are sometimes uncomfortable and 
relatively invasive and expensive. Simplified diagnostic tests (e.g., bedside eyeball 
cystometry) can provide important diagnostic information about bladder capacity, 
PVR, and detrusor overactivity and allow a stress test at a known volume: in other 
words they are useful to diagnose and appropriately treat many elderly patients with 
UI. In the majority of geriatric females, the basic evaluation with stress maneuvers 
will exclude other conditions and allow a presumptive diagnosis of urge incontinence 
due to detrusor instability and/or stress incontinence upon which an appropriate treat-
ment can be performed. Diagnosis without specialized tests is often more difficult in 
geriatric males, in whom detrusor instability can be associated with outlet obstruc-
tion, even in the absence of an elevated PVR. Generally basic evaluation provides the 
most valuable information not only for diagnosis but also for therapeutic planning.

If older people have other significant conditions (pain, hematuria, recurrent 
symptomatic UTI, pelvic mass, pelvic irradiation, POP beyond introitus, suspected 
fistula, weight loss, chronic diarrhea, fecal impaction, inflammatory bowel disease), 
specialist referral should be considered, and it is not correct to plan a rehabilitation 
program [6].

49.4  The Role of PFR and Behavioral Techniques in Wealthy 
and Frail Elderly

People in the elderly may be considered as wealthy or frail. In contrast to wealthy, 
the term “frail older persons” defines the people over the age of 65 years with a 
clinical presentation of impaired physical activity, mobility, balance, muscle 
strength, motor processing, cognition, and feelings of fatigue. Frailty is not, how-
ever, synonymous with disability and comorbidity, even if frail people usually have 
multiple chronic medical conditions, take multiple drugs, and have difficulties in the 
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personal activities of daily life (ADLs) and a high risk of intercurrent diseases, hos-
pitalization, and death. This clarification is very important in order to plan therapeu-
tic programs for pelvic floor dysfunction in the elderly. No differences exist among 
the rehabilitation treatments for adult and wealthy older people.

Initial management should be individualized and influenced by goals of care, 
treatment preferences, and estimated RLE, as the most likely clinical diagnosis. 
PFMT is considered as fist-line therapy in many pelvic floor dysfunctions, notably 
in UI. In association with other conservative measures, it has a relevant role in the 
improvement of quality of life (QoL). Age is no barrier to the benefits of PFR. There 
is evidence to suggest that older people are just as likely to benefit from PFMT for 
incontinence as younger people.

49.4.1  Urinary Incontinence

A variety of behavioral therapies have been developed to address UI, including 
bladder retraining, PFMT, VC in women, prompted or assisted voiding routines, 
BFB, FES, and complementary therapies (hypnosis and acupuncture). These con-
servative therapies are usually recommended as first-line treatment options, particu-
larly for geriatric patients. PFMT is better than no treatment, a placebo drug, or an 
inactive control treatment for women with OAB, SUI, UUI, or MUI (level of evi-
dence = 1; Moore et al.) [6]. Women treated with PFMT were more likely to report 
a cure or improvement and a better QoL; they also indicated fewer daily leakage 
episodes and had less urine leakage on the pad test than those in the control group 
in immediately after treatment and in the long term. The effect of PFMT in women 
with SUI does not seem to decrease with increased age: in trials with older women 
with SUI, it appeared both primary and secondary outcome measures were compa-
rable to those in trials focused on younger women.

The International Consultation on Incontinence (ICI) recommends that super-
vised PFMT should be offered as a first-line conservative therapy for women of all 
ages with SUI, UUI, or MUI (grade of recommendation, A), therefore also in 
wealthy old people.

In frail elderly, instead, prompted voiding techniques have been developed and 
used successfully, in particular with nursing home residents. Ouslander et al. dem-
onstrated an overall response rate of 41% in a cohort of 191 elderly incontinent 
nursing home residents (mean age 84.5 years) who underwent a prompted toilet 
training program [10]. These researchers found that the overall wet percentage went 
from 26.7 to 6.4% and was sustained at 9.6% after 9 weeks. Obviously multidisci-
plinary teamwork is usually needed to reach the best results [11]. Prompted voiding 
should be continued in eligible persons after a 3-day trial only in those that achieve 
more than a 20% reduction in wet checks or reach at least two thirds of appropri-
ate toileting rates (the number of times the person void into the toilet divided by 
the total number of voids). All other people should be managed by “check and 
change” (Waggs et al.) [6]. In patients with dementia, UI occurs in 30–100%, and 
the degree of UI is strongly associated with patient’s general status and ambulation. 
In case of ambulatory patients, prompted voiding, PFMT, and oral antimuscarinics 
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seem to be the treatment of choice. In this regard, several studies have examined 
the differences between drugs and behavioral therapies. In a randomized controlled 
trial comparing PFMT with BFB to anticholinergic medication (oxybutynin) for 
treatment of UUI, Burgio et al. demonstrated superior results for the PFMT [12, 
13]. The overall efficacy of the combination of oxybutynin and PFR was found to 
be superior to that of placebo or of either medical or behavioral therapy alone. On 
this point, pharmacotherapy has been widely used to treat UI, particularly for the 
treatment of OAB and UUI (Table 49.1). Antimuscarinics have shown efficacy in 
older adults, but their use can be associated sometimes with significant side effects, 
including dry mouth, constipation, blurred vision, and confusion. Newer drugs (as 
mirabegron, β3-agonist) may have fewer systemic side effects in older adults and 
the same efficacy of antimuscarinics.

Few pharmacologic agents are available for the treatment of SUI. 
Phenylpropanolamine (often used in the past) has been removed from the market 
because of an associated increased risk of stroke. At this time, the only medications 
that show some efficacy in the treatment of SUI are topical vaginal estrogen (but 
the studies are controversial) and duloxetine hydrochloride. This latter drug is a 

Table 49.1 Pharmacological treatment

Indication/
action Drug name Dosage

Side effects 
& 
precautions

Level of 
evidencea

Grade of 
recommendationa

OAB/UUI/
MUI
To 
modulate/
reduce and/
or suppress 
bladder 
overactivity 
and prevent 
UI

Oxybutynin IR 2.5–5 mg tds Dry mouth, 
blurred 
vision, 
nausea 
constipation, 
tachycardia

1 A
Oxybutynin ER 5–30 mg od 1 A
Oxybutynin TDS 3.9 mg od 1 A
Oxybutynin IV 5 mg od/tds 1 A
Propantheline 15–30 mg tds/

qds
2 B

Tolterodine 2 mg bd 1 A
Tolterodine ER 4 mg 1 A
Trospium 20 mg bd/tds 1 A
Solifenacin 5–10 mg od 1 A
Darifenacin 7.5–15 mg od 1 A
Imipramine 10–25 mg  

bd/tds
Tachycardia
Hypotension

3 C

Mirabegron 25–50 mg od 1 A
OAB 
(nocturia)

Desmopressin 0.1–0.2 mg od 1 A
Desmopressin IN 20 μg od 1 A

Bladder 
outflow 
overactivity
To decrease 
bladder 
outflow 
resistance

Phenoxybenzamine 10–20 mg od Orthostatic 
hypotension, 
dizziness, 
fatigue, nasal 
congestion, 
retrograde 
ejaculation

2a B
Prazosin 1 mg od/bd 2a B
Doxazosin 1–2 mg od/bd 2a B
Alfuzosin ER 10 mg od
Terazosin 5–10 mg od
Tamsulosin 0.4 mg od

od once daily, bd twice daily, tds three times daily, qds four times daily, IR immediate release, ER 
extended release, TDS transdermal, IV intravesically, IN intranasally
aAssessments according to the Oxford system (modified)
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combined norepinephrine and serotonin reuptake inhibitor, which has been shown 
to significantly increase sphincter muscle activity during the filling/storage phase of 
micturition of women [6]. The pharmacologic therapy in the elderly should follow 
these rules: carefully evaluate the cognitive and cardiovascular state of the patient; 
start with low dosage and build up the dose slowly; and review regularly the out-
come and the side effects.

49.4.2  Voiding Dysfunction (Urinary Retention)

Sometimes, mainly in females, dysfunctional bladder voiding is associated with 
CPP: relaxing PFM and BFB therapy may be beneficial. In males drugs like the 
α-adrenoceptor antagonists are used to improve the flow rate and reduce the post- 
void residual (PVR) of urine (Table 49.1). In case of significant PVR, intermittent 
catheterization is the treatment of choice. Sometimes incomplete bladder voiding is 
associated with OAB or UUI or MUI: in this case the treatment is not easy, mainly 
in men, and treatment options are based on accurate functional diagnosis including 
drugs (antimuscarinics, α-adrenoceptor antagonists, myorelaxants), behavioral 
interventions, PFR, and intermittent catheterization.

49.4.3  Urinary Incontinence After Radical Prostatectomy

PFMT, in association or no with BFB and FES (with a rectal or transcutaneous 
electrode), is the most commonly recommended conservative treatment for UI after 
radical prostatectomy (RP). Some reviews demonstrated that PFMT is better than 
no treatment, because it can reduce the frequency of incontinence episodes. Another 
study showed that an early PFMT after RP significantly reduces continence recov-
ery time [14]. The rationale of this treatment is that PFM contraction may improve 
the strength of the external urethral sphincter during the raises of intra-abdominal 
pressure and inhibits the OAB. The value of PFMT for the treatment of UI after RP 
remains unclear; the efficacy of additional BFB or FES has not been proven.

49.4.4  Fecal Incontinence

For the cognitively intact older persons, PFMT can be considered (in isolation or in 
association with BFB and FES therapy), but few studies exist among frail older 
patients. Improving stool consistency can be done with dietary and supplementary 
fibers; loperamide at low doses may be considered to improve stool consistency.

49.4.5  Obstructed Defecation Syndrome (ODS)

The treatment of ODS is problematic and controversial. However, the patients 
should be given conservative treatment before considering invasive procedures. 
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BFB training seems indicated to teach these patients in managing their anorec-
tal musculature during defecation. Other advices are essential: adequate hydra-
tion, high fiber intake, use of probiotics, regular physical activity, enemas, and 
laxatives.

49.4.6  Pelvic Organ Prolapse

PFMT may have a role in treating women with symptomatic POP, but there are no 
objective evidence-based studies to support this. In general any factor that leads to 
chronic increases in abdominal pressure should be avoided: constipation, chronic 
chest pathologies, and smoking. PFMT in our opinion is necessary also after sur-
gery, considering that recurrence of POP after surgery is correlated with a reduced 
PFM contraction strength and an increased genital hiatus [13].

49.4.7  Chronic Pelvic Pain and Sexual Dysfunction

Rehabilitation of the pelvic floor can involve more than strengthening of atrophic 
PFMs of normal length. Different techniques are required to restore the short and/
or painful PFMs to full function (active and passive stretching, neuromuscular 
reeducation, and progressive strengthening, transvaginal manual therapy in women, 
connective tissue manipulation, BFB training) [15]. Analgesic electrical stimula-
tion (transcutaneous electrical neurostimulation or TENS and interferential cur-
rents) and drug and lifestyle interventions (patients’ education, improved sleep 
patterns, and breathing relaxation exercises) can be done to reduce pelvic pain 
allowing a comprehensive PFMT, including pelvic floor muscle exercises (PFM 
contraction/relaxation and proprioceptive neuromuscular facilitation) and myofas-
cial therapy.

 Conclusions

After Kegel, PFR has acquired an undoubted scientific consensus in all the world 
in the field of female UI. Moreover in the last 30 years, many other pelvic disor-
ders have been treated by appropriately utilized conservative techniques, such as 
PFMT, BFB training, and FES. The ICI in 1998 suggested PFMT as first- line 
option in the treatment of UI in women, men, and wealthy older people. In frail 
disabled patients, conservative management can often be directed to achieving 
dependent continence by use of behavioral approach (prompted and timed void-
ing). Pharmacotherapy often helps PFMT to improve urinary continence. 
Surgery, if necessary, should be indicated, mainly when PFR failed, as age per se 
is not a contraindication to surgery.
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Key Points
• Urinary incontinence has a high prevalence, is often underestimated, and 

is not inevitable in older adults.
• The initial management of urinary incontinence includes bladder retrain-

ing and pelvic floor rehabilitation (biofeedback, electrical stimulation, and 
pelvic floor exercises).

• Pelvic floor muscle training is the initial most important therapeutic 
strategy.

• The pharmacologic therapy is used in addition to pelvic floor rehabilita-
tion, mainly in the treatment of urge urinary incontinence.
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50Physical Activity and Sexual Function 
in Older People

Paolo Di Benedetto

50.1  Introduction

The number of people 65 years of age and older continues to rise in the Unites 
States of America (USA) and in the Western countries. In the USA in particular 
from approximately 35 million in 2000, the persons aged over 65 by 2030 will be 
71 million, 20 million of whom will exceed the age of 80.

Almost 75% of elderly persons have at least one chronic illness, and about 50% 
have at least two chronic illnesses. The well-being and quality of life (QoL) of older 
people are often seriously compromised even in subjects not complaining of degen-
erative or vascular neurological diseases, psychiatric disorders, or oncological prob-
lems. A healthy lifestyle lowers risks of many diseases and promotes a feeling of 
well-being: a balanced diet and regular physical activity can help prevent some of 
the health problems associated with aging and reduced mobility.

In this context, multiple studies found that sexuality continues to be an important 
aspect of life for many adults throughout midlife and into old age [1–3]. The 
American Association of Retired Persons reported in 2005 that 62% of men and 
51% of women between ages 60 and 69 believed sexual activity is an important 
component of a good relationship and an acceptable QoL: these figures declined 
slightly after age 70. With regard to that, the National Council of Aging (NCOA) 
reported that 71% of men in their sixties, over 57% in their seventies, and 27% in 
their eighties engaged in sexual activity at least once a month; these percentages 
were lower for women (51%, 30%, and 18%, respectively). The study of 
Bretschneider and McCoy concluded that the majority of women and men over 
eighties continued to fantasize about intimate contact with a partner, even if there 
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are gender differences (41.2% of males aged 75–85 showed an interest in sex 
 compared with 11.4% of females the same age [4, 5]). Then, it has been stated that 
many elderly persons enjoy an active sex life in contrast with the general perception 
of an “asexual” old age and the prevailing myth that aging and sexual dysfunction 
(SD) are inexorably linked.

The purpose of this chapter is to provide an overview of aging on the sexual life 
of “healthy” men and women and to describe the role of physical activity and exer-
cise training as an important aspect of prevention and treatment of SD in the 
elderly.

50.2  Sexuality in Older Men and Women

Although erectile functioning tends to decline progressively beginning in midlife, it 
should not be inferred that erectile failure is an inevitable consequence of aging. 
Certainly older men suffer from multiple typical changes in erectile dysfunction 
(ED) and ejaculatory and orgasmic disorders: lengthier delay in reaching a full erec-
tion, less rigidity of the erect penis, fewer or no erections during sleep, increase 
latency to ejaculation, less forceful ejaculation, reduced volume of sperm expelled 
at each ejaculation, and lengthened refractory period following ejaculation (span-
ning sometimes as long as a few days). ED is prevalent among men and its presence 
is often an indicator of systemic disease. Risk factors for ED include cardiovascular 
disease, hypertension, diabetes mellitus (DM), tobacco use, hyperlipidemia, hypo-
gonadism, lower urinary tract symptoms, metabolic syndrome, and depression. 
Addressing the modifiable risk factors frequently improves a patient’s overall health 
and increases life span. The literature suggests that smoking cessation, treatment of 
hyperlipidemia, and increasing physical activity will improve erectile function in 
many patients. How the treatment of DM, depression, and hypogonadism impacts 
erectile function is less clear. Clinicians need to be aware that certain antihyperten-
sive agents can adversely impact erectile function. Androgen serum levels gradually 
decrease in men beginning around age 50 and are often implicated in the decline of 
sexual responsiveness; some studies suggest that the benefits of testosterone treat-
ment for improving sexual function are limited to those whose testosterone levels 
fall below a relatively low “threshold” value that seems to be necessary to maintain 
an adequate sexual function.

Unlike men, whose sexual performances generally decrease after early adult-
hood, women’s sexual responsiveness does not show such a consistent pattern over 
the life span: the incidence of sexual problems in women may actually decrease 
after early adulthood, and sexual satisfaction among older women may remain 
somewhat higher that in men. Menopause is characterized by a dramatic reduction 
in estrogen, progesterone, and androgen levels. Sexual changes are well known: 
low desire (43%), reduction of vaginal lubrication (39%), lining of the vaginal wall 
thins, shortening of the vagina, atrophy of the genital tissues, orgasmic dysfunc-
tion, or inability to climax (34%) [6]. All these factors may lead to painful sexual 
intercourse (dyspareunia, vaginismus, and vulvar vestibulitis). Age-related changes 
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in women somewhat mirror those that occur in men: these changes are related to 
vaginal lubrication,  clitoral responses, and orgasm that tends to be briefer and asso-
ciated with fewer muscular contractions. These declines in sexual responsiveness 
may be reduced sometimes by a regular sexual activity, although the mechanism 
of benefit is not understood. The role of estrogen and androgen supplementation in 
women is not clear: there are insufficient data for a clear risk-benefit of hormone 
treatment [7]. For reducing the risk of systemic estrogen therapy, localized estrogen 
preparations can be effective alternatives in order to improve vaginal dryness and 
irritation. There is not enough evidence that any of the complementary therapies 
available are any better than placebo for menopausal vasomotor symptoms and few 
safety data exist [8].

We have also to consider that women often avoid sexual intercourse because of 
pelvic floor dysfunction: not only overactive bladder and urinary incontinence 
(urgency, stress, or mixed urinary incontinence) but also, and more frequently, 
chronic pelvic or low back pain conditions may interfere with a good sexuality. 
Irrespective of the site of pain, women complaining of chronic pain generally are 
depressed, with higher pain scores associated with greater depression.

50.3  Sexuality as an Aspect of Healthy Aging

Clinical studies suggest that many elderly couples discontinue sexual activity due to 
illnesses, particularly in the male partner. Some chronic medical conditions among 
aged patients (including cardiovascular diseases, hypertension, and DM) are associ-
ated with various sexual problems in men and women. Sexual dysfunction height-
ens anger, frustration, and depression with the involvement of the partners that often 
present with similar symptoms. Patients with chronic heart failure (CHF) have sex-
ual dysfunction that impairs QoL: recent trials have demonstrated that exercise 
training (ET) improves QoL of CHF patients, but it is not established whether this 
benefit may be associated with an improvement in SD.

Moreover, several drugs are commonly associated with sexual dysfunction. 
Besides benzodiazepines, tricyclic antidepressants and selective serotonin reuptake 
inhibitors (SSRIs), used for the treatment of depression, may have well-documented 
side effects: decreased sexual interest, sexual arousal difficulties, loss of libido, and 
hyporgasmia. Other drugs frequently associated with sexual complaints include 
beta-blockers and some diuretics. Consequently, the effects of current medication 
used should be considered in the sexual health assessment.

In the last years, there is a more and more growing evidence suggesting that 
lifestyle factor (particularly physical activity, eating right, not smoking, getting 
enough sleep, and balanced diet) may offer some protection against sexual prob-
lems, frequently associated with health concerns. In this regard, Derby et al. reported 
that obesity status was associated with ED, with baseline obesity predicting a higher 
risk regardless of follow-up weight loss, whereas physical activity status was asso-
ciated with ED, with the highest risk among men who remained sedentary and the 
lowest among those who remained active or initiated physical activity [9].

50 Physical Activity and Sexual Function in Older People



498

50.4  Assessment of Sexual Function in the Elderly

A diagnosis should be made when symptoms cause distress or interpersonal problems.
The assessment of SD in elderly should include a sexual history, a discussion of 

how sexuality has been experienced over time, laboratory testing, health conditions 
(presence of comorbidities), concurrent medications, and psychological and neuro-
logical evaluation [1]. Moreover, in males particular attention must be given to 
patients with cardiovascular disease, following the algorithm for determining the 
level of sexual activity according to cardiac risk in patients with ED [10]. Actually, 
older males who present with complaints of ED should be screened for cardiovas-
cular disease because comorbidity often exists even though most men are asymp-
tomatic prior to the onset of an acute cardiac event. The rate of ED in older adult 
men with coronary artery disease (CAD) is increased compared to those without 
CAD. ED typically presents about 3 years prior to onset of CAD symptoms, and 
older men with ED have a 75% increased risk of developing peripheral vascular 
disease.

In the medical evaluation of older female patients with sexual problems, it is 
important to inquire about early sexual experiences, including childhood sexual 
abuse, that impact greatly on their sexuality in later life. Other clinical factors that 
impact on older women’s sexuality include breast surgery, urinary incontinence, and 
hysterectomy. With regard to this, it is necessary to assess pelvic floor dysfunction, 
particularly pelvic organ prolapse, chronic pelvic pain, and urinary incontinence: all 
these conditions significantly bother the sexuality. When SDs are related to the 
menopause, customized hormone replacement therapy is the treatment of choice.

50.5  Physical Activity as a Treatment Modality of Sexual 
Dysfunction in the Elderly

Sedentary lifestyle predisposes to metabolic syndrome (MetS), a clustering of meta-
bolic disorders: visceral obesity, hypertension, dyslipidemia, and DM. MetS com-
prises a high risk for CVD events even in the absence of DM. Mechanisms that link 
MetS to increased CVD risk are, however, incompletely understood. Many of the 
physiological changes of aging as well as those secondary to physical inactivity are 
reversible or retarded by exercise. Bone density, muscle mass, aerobic conditioning, 
and flexibility can also be increased through an appropriate exercise program. 
Physical activity and strength/flexibility exercises can also reduce the fatigue and 
improve quality of sleep, stress, depression, weight control, gastrointestinal func-
tion, and sexuality.

Regarding this latter, many studies report a clinical evidence of benefits induced 
by physical activity on ED and, in general, on sexual responsiveness both in men 
and women. The literature shows that ED in middle- aged men is often an early 
event in endothelial damage and has been associated with cardiovascular diseases 
[11]. Physical activity (in association with Mediterranean diet) is able to improve 
both sexual responses and overall cardiovascular health in men and women [12]. 
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There are conflicting data regarding the effects of exercise on androgen or estrogen 
status, but in clinical practice it would be recommended to add regular physical 
activity to balanced diet and drugs to achieve better therapeutic results. Regarding 
the ED in males, besides the well-known phosphodiesterase type 5 (PDE5) inhibi-
tors, it is recently reported that statins could be considered as adjuvant or alterna-
tive therapy, because of their protective effect on the dyslipidemia and reduction of 
endothelial damage [13].

In men and women with pelvic floor dysfunction (overactive bladder, urinary 
incontinence, pelvic organ prolapse, constipation and fecal incontinence, chronic 
pelvic pain), it is mandatory also to organize a correct pelvic floor muscle training, 
in association with other pelvic floor treatment modalities (as biofeedback, func-
tional electrical stimulation, and behavioral modifications) and pharmacological 
therapy.

50.5.1  Physical Activity

Many authors stated that it is never too late to start an exercise program or a generic 
physical activity. To stay healthy or to improve health, older adults need to do two 
types of physical activity each week: aerobic and strength exercises.

Patients aged 65 or older, who are generally fit and have no health conditions that 
limit their mobility, should try to be active daily in accordance with the recommen-
dations from the American College of Sports Medicine (ACSM) and the American 
Heart Association (AHA) [14].

The older people should do:

 – At least 150 min of moderate aerobic activity such as cycling or walking every 
week

 – Strength exercises on 2 or more days a week that work all the major muscles 
(legs, hips, back, abdomen, chest, shoulders, and arms)

Two alternatives are possible in the context of aerobic activity, in association 
with strength exercises:

 – 75 min of vigorous aerobic activity such as running or a game of singles tennis 
every week

 – A mix of moderate and vigorous aerobic activity every week (e.g., two 30-min 
runs, plus 30 min of fast walking, equates to 150 min of moderate aerobic 
activity)

A rule of thumb is that 1 min of vigorous activity provides the same health ben-
efits as 2 min of moderate activity.

Examples of activities that require moderate effort for most people include walk-
ing, water aerobics, ballroom and line dancing, riding a bike on level ground or with 
few hills, playing doubles tennis, canoeing, and volleyball.
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Instead, examples of activities that require vigorous effort are jogging or  running, 
aerobics, swimming fast, riding a bike fast or on hills, singles tennis, energetic 
 dancing, and martial art.

Moderate activity will raise the heart rate and make breathe faster and feel warmer; 
exercising at moderate level signifies that people can still talk, but cannot sing the 
words to a song. Daily chores such as shopping, cooking, or housework do not count 
toward the 150 min of moderate activity, because the effort is not enough to raise 
the heart rate, but they are important nonetheless, as they break up periods of sitting.

Older adults at risk of falls, such as people with weak legs, poor balance, and 
some medical conditions, should do exercises to improve balance and coordination 
on at least 2 days a week (yoga, tai chi, and dancing).

Vigorous activity makes the breath hard and fast. Working at this level, the peo-
ple will not be able to say more than a few words without pausing for breath. In 
general, 75 min of vigorous activity can give similar health benefits to 150 min of 
moderate activity, and there is a good evidence that vigorous activity can bring 
health benefits over and above that of moderate activity.

Regarding activities that strengthen muscles, whose good function is necessary 
for all daily movement, maintaining strong bones, regulating blood sugar and blood 
pressure, and maintaining a healthy weight, they include carrying or moving heavy 
loads, dancing, heavy gardening, exercises that use body weight for resistance (such 
as push-ups or sit-ups), yoga, and lifting weights. There are many ways for strength-
ening muscles, whether at home or in the gym; in these programs also, flexibility 
exercises are recommended.

Muscle-strengthening exercises are not an aerobic activity; then they have to be 
done in addition to 75–150 min of aerobic activity. It is possible to do activities that 
strengthen muscles on the same day or on different days as aerobic activity.

Some vigorous activities count as both an aerobic activity and a muscle- 
strengthening activity and include circuit training, aerobics, and running.

Moreover, to maintain the flexibility necessary for regular physical activity, 
older adults should perform activities that maintain or increase flexibility on at least 
2 days each week for at least 10’ each day. Balance exercises are also indicated to 
reduce risks of injury from falls.

Obviously modifications of the exercise prescription are advisable in selected 
aging-related chronic conditions, as degenerative joint diseases, CHF, diabetes mel-
litus, low back pain, osteoporosis, chronic obstructive lung disease, hypertension, 
and orthostatic hypotension [15]. Many randomized controlled studies have shown 
that physical activity and exercise have a beneficial effect on physical performance, 
pain, and disability; there is also a strong evidence that resistance training is the 
most effective strategy to counter and prevent age-related muscle weakness.

50.5.2  Physical Activity and Sexual Function

Many studies demonstrated the presence in men of ED and METs. Physical activity 
is a strong and independent predictor of normal erectile function among all as well 
as among only MET subjects. Thus, especially MET patients presenting with ED 
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should be considered at high risk for CVD. Consequently, physical activity is very 
important in the management of METs, ED, and concomitant diseases, leading the 
researchers to conclude that enhanced sexuality is directly correlated with the 
improvement in physical fitness [11].

Obviously, balanced diet, reducing stress, cessation of smoking, and getting 
enough sleep are all important for having a satisfying sex life, but physical activity 
determines the release of endorphins, opioids, and sex hormones, elevating the 
mood and lowering hearth rate and blood pressure. These positive effects of regular 
physical activity are seen on menopausal women through an increase of synaptic 
transmission of monoamines, which supposedly functions in the same manner as 
antidepressants [16]. Active elderly women obtained the highest total scores on all 
Female Sexual Function Index (FSFI) domains (desire, arousal, lubrication, orgasm, 
satisfaction, and pain), compared to moderately active and sedentary subjects.

 Conclusions

Aging continues to rise in the USA and in all Western countries. Older people are 
at risk for several chronic conditions that interfere and, sometimes, exacerbate 
SD both in men and women.

Many studies demonstrated that adopting or increasing regular physical activ-
ity may be beneficial to sexuality of elderly people improving cardiovascular 
fitness, flexibility, mobility, mood, and self-image. Physical activity consists of 
moderate or vigorous aerobic and strength exercises (see guidelines suggested by 
American College of Sports Medicine), in association with pelvic floor rehabili-
tation, when necessary [14].

Most studies suggest also that physical activity and exercise training are asso-
ciated with better QoL and health outcomes. Therefore, assessment and promo-
tion of physical activity may be beneficial in achieving desired benefits across 
older people, including a satisfying sexuality.

Understanding the effects of physical activity on sexuality can potentially 
have a positive influence on the clinical practice of physicians. Physicians rarely 
recommend that their older patients exercise more, despite the documented 
advantages of systematic physical exercise. This could possibly promote a more 
satisfactory QoL and prevent SD.

Key Points
• Sexuality continues to be an important aspect of life for many adults 

throughout midlife and into old age. Unlike men, whose sexual perfor-
mances generally decrease after early adulthood, women do not show such 
a consistent pattern over the life span.

• Physical activity (in association with Mediterranean diet) is able to improve 
both sexual responses and overall cardiovascular health in men and women.

• Physical fitness is very important in the management of patients with 
metabolic syndrome and erectile dysfunction and is related to enhanced 
sexuality.
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51Rehabilitation Treatment in Older 
Cancer Patients

Antonella Brunello, Giuseppe Lombardi, 
and Vittorina Zagonel

Cancer is one of the most common and disabling health-care conditions affecting 
people. Progress in diagnosis, treatment, and supportive care in the last years has 
raised the 5-year relative survival rate for all cancers to about 67% [1].

Median age at cancer diagnosis, for all cancer types, is 67 years, and by the year 
2020, about 60% of new patients diagnosed with cancer will be aged 65 years and 
older, with estimates for the oldest old (patients aged 85 years and older) rising from 
the actual 9% to 17% [2].

The general improvement in survival rates observed in the overall cancer patient 
population has also been seen for the older ones [3].

Older individuals may present different issues unrelated to cancer; therefore sup-
portive care along with rehabilitation measures is an essential step in the manage-
ment of elderly cancer patients.

One of the main issues for cancer patients is physical disability, and this probably 
may also be one of the leading causes of emotional distress in cancer survivors.

The goals of cancer treatment in older cancer patients therefore must include, 
along with prolongation of life expectancy, the prevention of functional dependence.

Indeed, disability in older patients, and consequent impairment in functional 
status is strongly associated with frailty, which in turn is associated with higher 
mortality [4].

For older patients, “standard” oncological outcomes which are normally pur-
sued in the adult population such as increased overall survival or progression-
free survival may indeed be not a major goal if they come at the price of losing 
independence [5].
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Rehabilitation for older cancer patients may be needed in two major settings, 
namely that of curable malignancies and a palliative setting in which incurable 
malignancies have an indolent clinical course.

For most localized tumors, in addition to surgery and/or radiation treatment, the 
optimal management often involves the use of adjuvant systemic therapy. This con-
sists of endocrine therapy, cytotoxic therapy, or targeted therapy administered in 
order to reduce the risk of recurrence and death in patients at high risk of relapse 
after local treatment.

The rehabilitation of older cancer survivors is largely unknown, and several 
issues related both to the needs and interventions indeed deserve further studies.

As for rehabilitation needs for advanced tumors, we must acknowledge that 
some forms of advanced stage lymphoma, especially large cell lymphomas, are cur-
able. Also, some incurable malignancies with an indolent clinical course may ben-
efit from rehabilitation, and these are mainly low-grade lymphomas and breast or 
prostate cancer with bone metastases only.

Most older patients treated for cancer will likely experience some toxicity which 
may hamper their quality of life and, in some cases, mine their autonomy.

In this light, it has long been known that older patients with a cancer diagnosis 
are best managed by means of a Comprehensive Geriatric Assessment, with a thor-
ough evaluation of several domains pertaining their functional status, cognitive sta-
tus, mood, nutritional status, social and living conditions, and polipharmacology.

A progressive decline in one or more of these domains leads to reduced life 
expectancy and functional reserve [6, 7].

Cancer may increase the likelihood for older patients to need rehabilitation.
Cancer itself may worsen baseline conditions which are common in older subjects, 

such as malnutrition or sarcopenia. Also, cancer may cause and/or increase fatigue.
Moreover, both acute and chronic complications of cytotoxic chemotherapy 

increase with age [8].
Among the acute complications, myelotoxicity, mucositis, cardiotoxicity, and 

peripheral neurotoxicity are the most common.
Of the chronic complications, some conditions in particular may increase the 

need of rehabilitation for older cancer survivors, and these are fatigue, dementia, 
deconditioning, chronic cardiac dysfunction, and chronic polyneuropathy.

51.1  Fatigue

Fatigue is defined as a condition of exhaustion that does not improve with rest [9].
Fatigue is both an acute and a chronic complication of cytotoxic chemotherapy 

that is more common with increasing age [10] and may represent a major cause of 
functional dependence.

In older individuals, fatigue is a cause of deconditioning [11], functional depen-
dence [12, 13], and increased mortality [14].

Any serious attempt to rehabilitate older cancer patients should include a plan to 
prevent and overcome fatigue.
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The causes and the mechanisms of fatigue are largely unknown. It is clear that 
fatigue is associated with chronic inflammation and sarcopenia and may be improved 
with the correction of anemia in some patients [15].

Beside the cancer itself, which is one of the causes of fatigue in those patients 
with active disease, among other presumptive causes of fatigue, there are chemo-
therapy, as well as polipharmacy and sleep disorders [16].

The management of fatigue is paramount to the functional rehabilitation of older 
patients. This involves both prevention and timely treatment.

As some recent studies highlighted, fatigue is associated with functional depen-
dence [12, 13] and death [14] in older individuals. Thus the management of fatigue 
is critical to rehabilitation.

51.2  Cognitive Decline

Another important concern in older patients undergoing chemotherapy is the pos-
sible role of chemotherapy as a cause of dementia. Though the evidence supporting 
this association is inconclusive [17, 18], it is well known that chemotherapy may 
lead to some form of cognitive decline and that older people are at particular risk for 
this complication [19, 20].

51.3  Deconditioning

Deconditioning is a common complication of prolonged hospitalization and pro-
longed inactivity in elderly individuals [11]. Older cancer patients are at particular 
risk of prolonged hospitalization from surgical and medical complications as well 
as of prolonged at home inactivity due to fatigue and malnutrition. Several con-
trolled trials have assessed the prevention of deconditioning with exercise and home 
interventions, in particular the role of exercise and nutrition [21, 22].

51.4  Other Chronic Treatment-Associated Toxicities

Older individuals are at increased risk for long-term toxicity of chemotherapy. 
Among others, we acknowledge and include chronic cardiomyopathy from anthra-
cyclines [23] and peripheral neuropathy [3].

Both sensory and motor neuropathies are a common complication of the treat-
ment with platinum salts, vinca alkaloids, taxanes, and eribulin. Such complication 
is more frequent in older patients, and it may become chronic and irreversible.

At present an empiric approach to such problems includes careful cardiological 
baseline and follow-up evaluations, discontinuance of chemotherapy in the presence 
of early signs of toxicity, cardiological treatment for cardiomyopathy, and early reha-
bilitation of neurologic deficits.

51 Rehabilitation Treatment in Older Cancer Patients



506

51.5  Conclusions

It is of utmost importance to adopt all supportive measures in order to successfully 
treat vulnerable and unfit elderly patients with cancer and to reduce the risk of func-
tional impairment.

In particular, it is important to rule out anemia and possible causes of anemia and 
correct them whenever possible in order to reduce anemia-associated fatigue and to 
choose cytotoxics according to expected acute and chronic adverse events [24].

Several important issues still need to be addressed in the field of rehabilitation of 
older cancer patients, in particular whether cancer and its treatment accelerate the 
physiologic aging of a person and whether nutritional interventions, exercise, and 
management of anemia have a role in preventing the long-term complications of 
cancer and its treatment and the long-term social implications of cancer and its 
treatment.

51.6  Rehabilitation Treatment in Neuro-oncology

Primary brain tumors account for 1% of all cancers in adults and affect 5–13 per 
100,000 population worldwide annually. In the last years, the overall incidence of 
brain tumors has increased, especially in elderly patients in which the incidence has 
doubled; moreover, 20–40% of patients with cancer develops nervous system (NS) 
metastases [25].

A wide variety of impairments of nervous system function may result from can-
cer, either by direct effect at the primary or metastatic tumor site or as a treatment 
consequence, such as neurosurgery, chemotherapy, radiation therapy, and cortico-
steroids, alone or in combination. Some of the most adverse effects associated with 
these treatments include fatigue, myopathy, insomnia, and mood disturbance. 
Anticonvulsant medications may further accentuate fatigue and somnolence.

Among side effects of chemotherapy drugs, peripheral neuropathy is the most 
frequent (50–60% of patients treated with taxanes). Peripheral neuropathy may be 
characterized by losses in sensation and proprioception with postural instability. 
And so, interventions have to focus on patient education about foot care and balance 
training [26].

However, most patients with NS tumors have multiple impairments depending 
on tumor location and size and the volume of tissue excised. In an Australian study 
with brain tumor patients treated with integrated multidisciplinary rehabilitation, 
the most common neurologic deficits included ataxia/incoordination (62%), sei-
zures (47%), paresis (47%), cognitive (45%) and visual impairment (47%), dys-
phasia (40%), dysarthria (29%), sensory-perceptual deficit (26%), and bowel/
bladder dysfunction (21%) [27]. In another study, the most common neurologic 
deficits included pain (56%, which included a 42% incidence of headaches), ataxia 
(44%), seizures (43%), paresis (37%), cognitive dysfunction (36%), and visual 
impairment (35%) [28].
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All of these neurological impairments may significantly impact the individual’s 
physical, cognitive, and emotional capabilities, which significantly compromise the 
quality of life (QoL). Yet, brain tumors can be associated with significant costs and 
socioeconomic implications for health-care and social services. And so, NS tumor 
is a complex and challenging condition requiring integrated multidisciplinary care 
and services such as multidisciplinary rehabilitation.

Nevertheless, rehabilitation after brain tumor resection has been shown to result 
in better outcomes, including gains in functional status. In fact, Khan et al. [27], in 
a controlled clinical trial, analyzed the effectiveness of integrated multidisciplinary 
rehabilitation in primary brain cancer. The inclusion criteria for intensive multidis-
ciplinary rehabilitation were stable medical course after surgery, radiotherapy, and 
chemotherapy; a total of 106 patients were recruited for the study, and all patients 
were allocated either to the treatment (53 patients) or control group (53 patients). 
The treatment group received comprehensive individualized multidisciplinary reha-
bilitation (for up to 6–8 weeks) incorporating a wide range of elements, such as 
education and health promotion for patients mildly affected to intensive mobiliza-
tion program for the more severely affected patients. The primary outcome, 
Functional Independence Measure (FIM), measured “activity limitation” while sec-
ondary measures included depression, anxiety, and cancer rehabilitation evaluation 
system. Assessments were at baseline 3 and 6 months after program completion. In 
the intervention group, there were patients with low-grade glioma (46%) and high- 
grade glioma (54%). About 60% of patients performed radiation therapy and 45% 
chemotherapy. At 3 months posttreatment follow-up, there was a significant differ-
ence between treatment and control group patients in all FIM scale (sphincter, self- 
care, locomotion, mobility, communication) and FIM psychosocial subscale. At 
6 months follow-up, there was a significant improvement in the treatment group for 
the FIM sphincter, communication, psychosocial, and cognition subscales.

In another study, Zucchella et al. [29] analyzed the effectiveness of cognitive 
rehabilitation for early post-surgery in patients affected by primary tumor in a ran-
domized, controlled trial. They enrolled 53 patients with cognitive impairment after 
surgery for brain tumor. These patients were randomly assigned to the treatment 
group (25 patients) or to the control group (28 patients). The cognitive rehabilitation 
program was designed in accordance with the recommendations of Cicerone et al. 
[30] and was administered by two neuropsychologists. Analyzing the baseline and 
post-treatment outcome measures (within-group analysis), there was a statistically 
significant improvement in all the neuropsychological measures at the end of the 
treatment period in the study group; on the contrary, there was no improvement in 
the control group. Comparison of the outcome measures of the two groups showed 
a statistically significant difference only in the domains of visual attention and ver-
bal memory in favor of the study group.

Among brain tumors, glioblastoma multiforme has the worst prognosis (12–
15 months), and therefore there is a great need to improve the quality of life of both 
patients and caregivers, in particular, to the end of life period. The neuro-oncology 
group of Pace et al. [31] performed a prospective study to analyze the benefit of 
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palliative care at home. This strategy is becoming important in oncology, both to 
improve the quality of care for cancer patients and to reduce costs for the health- 
care system. Home assistance included neurologist, nurses, psychologist, rehabilita-
tion therapist, and a social worker. Clinical conditions were periodically evaluated 
by Barthel Index, Karnofsky Performance Scale, and Mini Mental State Examination. 
A positive impact for rehabilitation at home was recorded in 92% of cases, and 72% 
of patients had an improvement in their quality of life scores due to rehabilitation.

In addition to the brain, injuries to the spinal cord may be due to primitive and 
metastatic tumors or to medical complications. However, spinal cord metastasis 
occurs up to 5% of all patients with cancer [1]. Most frequent symptoms can be 
weakness (74–76%), autonomic dysfunction (52–57%), and sensory loss (51–53%). 
It is important to accurately assess the patient before starting the rehabilitation plan-
ning because it may result in pathologic fracture and cord compression. However, in 
a few studies, it showed interesting and positive results following rehabilitation in 
patients with disability from spinal cord tumors, in particular for patients with 
important neurological deficits [32].

Moreover, there are various studies establishing the efficacy of appropriate exer-
cise in counteracting physical impairment such as fatigue and functional decline, 
cognitive impairment, depression, and anxiety in patients diagnosed with neuro-
logic malignancies [33].

In conclusion, rehabilitation treatment has to be an important part of the multi-
disciplinary oncological therapy for patients with NS tumors; indeed, rehabilitation 
therapy showed to result in better outcomes and improvement in the quality of life. 
Noteworthy, rehabilitation measures need to be personalized for each specific 
patient depending on histological type of tumor, tumor location, type of surgery, and 
neurologic deficits to obtain the greatest benefit.
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52Cancer and Physical Activity

A. Musumeci and S. Masiero

52.1  Physical Activity and Cancer Prevention

The relationship between physical activity (PA) and tumor has been subject to many 
studies; one of the most studied malignancies is colon cancer.

PA may influence the development of colon cancer by acting on the energy bal-
ance, on hormone metabolism, and on insulin regulation, by reducing the exposure 
time to potential colon carcinogens, and by increasing the speed of intestinal peri-
stalsis. PA can also modify a number of inflammatory and immune factors that are 
involved in the genesis of colon cancer [1].

More than 50 scientific papers have examined the association between colon 
cancer and PA, and many of these have found that adults who increase their PA, in 
intensity, duration, or frequency, can reduce the risk of 30–40% of colon cancer 
regardless of their body mass index. In addition, the greatest reduction in risk was 
in more active individuals [2].

The protective effect also appears to be higher in those who perform high- 
intensity activities, although the exact level of training has not been established. 
According to some authors, 30–60 min of moderate-intense daily PA has a protec-
tive effect against colon cancer [3, 4]. Whether PA has a protective effect on rectal 
cancer, adenomas, or recurrence of intestinal polyps, it is still a matter of debate 
(www.cdc.gov/nccdphp/dnpa/physical/pdf/PA_Fact_Sheet_Adults.pdf).

The scientific literature documented that both premenopausal and postmeno-
pausal active women have a lower risk of developing breast cancer than sedentary 
ones. However, data on risk reduction percentages vary greatly among studies from 
20 to 80% [2, 3, 5]. PA can prevent tumor development by lowering the levels of 
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insulin and insulin-like growth factor 1 (IGF-1), improving the immune response, 
and contributing to the maintenance of an adequate body weight [4, 6, 7].

The risk of breast cancer would be inversely correlated with the increase in the 
frequency and duration of physical exercise, and despite the fact that women who 
increased PA after menopause may experience a reduction in risk, it is better to engage 
in physical training during the whole life. Thirty to sixty minutes a day of exercise at 
moderate to high intensity are sufficient to reduce the risk of breast cancer [3, 8].

Several studies have examined the relationship between endometrial cancer risk 
and PA and found that physically active women have a 20–40% reduced risk of endo-
metrial cancer [3]; this risk does not seem to vary by age [8]. Change in the body 
mass index (BMI), level of sex hormones (e.g., estrogens), and metabolism appears 
to be the main biological mechanisms that connect PA and endometrial cancer.

An inverse association between PA and lung cancer risk has also been hypoth-
esized: the most active individuals have a 20% reduction in risk [3, 8]. High levels 
of PA would have a protective effect against cancer, but exercise is not able to 
counteract the negative effects of smoking or respiratory diseases [3, 9]. The rela-
tionship between PA and risk of lung cancer is less noticeable on women than it is 
on men [10].

52.2  Cancer and Physical Activity

Two observational studies examined the relationship between levels of PA before 
and after the diagnosis of colon cancer, demonstrating how the pre-diagnosis levels 
of PA were not related to survival after diagnosis. However, participants with 
higher levels of PA after diagnosis of nonmetastatic colorectal cancer had lower 
mortality. The biological mechanism for this association is still unknown; it was 
hypothesized that PA may decrease the tissue insulin and insulin-like growth factor 
(IGF) levels and increase IGF binding proteins, thus influencing their action on 
micrometastases [11].

Regular (≥3 h a week) and intense sport activities, such as biking, tennis, jog-
ging, or swimming, can slow prostate cancer progression [12, 13].

PA also improves quality of life and metabolism, reducing fatigue in patients 
with breast cancer [4, 14]. Currently, it is not possible to draw definitive conclusions 
about the relationship between PA and survival of breast cancer; some studies docu-
mented that the women who have engaged in moderate exercise after a diagnosis of 
breast cancer (3–5 h of walking, every week), particularly those who had tumors 
responsive to hormonal therapy, had better survival rates than those who were sed-
entary [15, 16]. However, a home exercise program has a beneficial effect not only 
on physical fitness but also on psychological well-being of previously sedentary 
women [17, 18].

In conclusion, further studies are needed in the future to understand the positive 
biological effects of physical activity on cancer, the type of tumors that mostly ben-
efit from exercise, and the frequency and intensity of training that can improve 
quality of life and survival of oncologic patients.
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Key Points
• Physical activity can prevent colon, breast, endometrial, and lung 

cancers.
• Physical activity can improve survival of nonmetastatic colon cancer 

patients and quality of life of women affected by breast cancer.
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53Rehabilitation for Palliative Care 
and End-of-Life Management

Sophie Pautex

53.1  Introduction

Diseases with a long end-of-life trajectory such as cancer, cardiovascular disease, or 
neurodegenerative diseases such as dementia have largely replaced unexpected 
deaths [1]. Treating these patient’s complex medical, social, psychological, and 
spiritual needs requires adequate structures and state-of-the-art geriatric palliative 
care [2]. Palliative care is an approach that improves the quality of life of patients 
and their families facing the problem associated with life-threatening illness, 
through the prevention and relief of suffering by means of early identification and 
impeccable assessment and treatment of pain and other problems, physical, psycho-
social, and spiritual [3]. More importantly, palliative care should offer a support 
system to help patients live as actively as possible until death and enhance quality 
of life and may also positively influence the course of illness. Therefore, palliative 
care should be applicable early in the course of illness. Indeed several clinical stud-
ies have demonstrated that the introduction of early palliative care programs improve 
quality of life of patients, particularly with cancer [4].

Deteriorating physical function is a significant problem for people approaching 
the end of life. Patient’s dependence in self-care increases during the last months or 
weeks of life, with leisure activities affected just as much as household or activities 
of daily living [5]. Some particularly older frail patients can have a low physical 
functioning during the years. The loss of ability to participate in desired daily activi-
ties is among the most distressing concerns for patients [6]. It leads to unwanted 
dependence on others and threatens dignity and autonomy [7]. It can have severe 
consequences on social interaction and can contribute to depression and anxiety and 
sometimes a wish to die. That is for even in the context of a life-limiting illness, 

mailto:Sophie.pautex@hcuge.ch


516

where deterioration is inevitable, rehabilitation offers a major route to improving 
patient’s quality of life, no matter how long or how short the timescale. The defini-
tion of rehabilitation, “enables people affected by illness or disability to regain func-
tion, to live independently, and make decisions for themselves process that aims to 
maximize physical and emotional well being, enhance social participation, and 
minimize caregivers’ distress,” perfectly matches the needs of palliative care patients 
[8]. The interest for rehabilitation in cancer patients has increased in recent years. 
These principles must also be deployed in the domain of palliative care and end-of- 
life care, in particular for patients with non-oncological disease [7, 9].

Understanding end-of-life care from a holistic perspective should allow the 
interprofessional team, including the rehabilitation team, to intervene appropriately 
in order to improve quality of life in the final days, year, or months of a patient.

53.2  Palliative Care and Rehabilitation

Different studies relate some discrepancy between patient’s existing needs, their ade-
quate assessment, and support provided [10]. Indeed, often health professionals have 
tendency to assume what factors and issues affect patient’s quality of life. This assump-
tion is then translated in specific interventions based on the health-care professional 
assumption and not on the needs of the patients. Incongruities between patient’s view 
and their ability to pursue their activities can result in frustration and sense of meaning-
less [11]. The role of health professionals working with palliative care or end-of life 
patients is to improve their quality of life through physical interventions in order to 
reduce gap between patient’s expectations and hope and actual experiences. They 
should assist the patient to live as fully as possible within the limitation of the disease 
[12]. Indeed they should define reasonable goals to support the hopes of the patients as 
much as possible (e.g., “I would like to go back to my house in the mountain”). 
Maintaining patients at home as long as possible can also be in some situations a very 
important goal. Therefore, each health professional should assess the symptoms and 
the needs of patients, including physical functioning and activities of daily living to 
identify patient’s functional difficulties in all different settings (hospital, nursing home, 
or home) and to implement the most adequate support. In addition of the limitation in 
the functionality, fatigue is a very prevalent symptom as the management is still subop-
timal and that there is an urgent need for improvement [13]. The benefits of exercise on 
fatigue in patients with cancer could maybe also be translated in palliative care and 
therefore integrated in the care planning of these patients [9, 14, 15].

Finally, anticipating for the needs and planning for future needs is paramount in 
the management of these patients.

The rehabilitation team is often trained to improve or restore function and to 
assist individuals to return to their prior level. However, objectives need to be modi-
fied by setting more modest goals whenever patient’s health begins to deteriorate. 
Health professionals should reframe patient’s condition in a positive perspective, in 
order to encourage the patient to use his residual energies and to avoid frustration of 
the team. Health professionals’ beliefs, hopes, and positive attitudes that will be 
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communicated can have some positive impact, and patients may feel encouraged. 
Patients need to know that it is always possible to do something.

Therefore, the role of the rehabilitation team in this particular context should be 
in all different settings:

 – The symptom control: pain relief, improvement of fatigue, alleviation of respira-
tory symptoms, and edema control

 – Providing material to minimize efforts and energy expenditures and to improve 
physical function

 – Educating patient and relatives regarding safety issues, positioning, pressure 
relieve, and relaxation

 – To promote staying at home, if desired by the patient and his relatives

 Conclusion

Rehabilitation medicine and palliative care share many common goals. They strive 
to maximize physical function and emotional well-being to the highest extent pos-
sible given the nature of the underlying disease process. Working with patients at 
the end of their life is challenging but also rewarding. Understanding many issues 
that impact quality of life of the patient will enable health professionals to give 
some meaningful care to these patients, thereby enhancing their quality of life.

References

 1. van der Heide A, Deliens L, Faisst K et al (2003) End-of-life decision-making in six European 
countries: descriptive study. Lancet 362:345–350

 2. The Lancet Oncology (2004) An ageing problem. Lancet Oncol 5:459
 3. http://www.who.int/cancer/palliative/definition/en/. Accessed 12 July 2016
 4. Kelley AS, Morrison RS (2015) Palliative care for the seriously ill. N Engl J Med 373:747–755
 5. Fyllingen EH, Oldervoll LM, Loge JH et al (2009) Computer-based assessment of symptoms 

and mobility in palliative care: feasibility and challenges. J Pain Symptom Manag 38:827–836
 6. Singer PA, Martin DK, Kelner M (1999) Quality end-of-life care: patients’ perspectives. 

JAMA 281:163–168

Key Points
• The primary goals of palliative care for patients in advanced stages of dis-

ease are to improve or maintain the patient’s health-related quality of life 
and to allow patients to live as actively as possible and relieve symptoms.

• The rehabilitation team must be part of the palliative care team that take 
care of the patients in all different settings.

• The rehabilitation must be based on patient’s specific goals.
• Health professionals should reframe patient’s condition in a positive per-

spective, in order to emphasize remaining physical strengths of the patient, 
despite the deterioration.
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54Inpatient Rehabilitation Units: Age 
and Comorbidities Are Not Relevant if 
Admission Fits the Mission

Luigi Tesio

54.1  Aging, Disability, and Inpatient Rehabilitation

Inpatient rehabilitation is a growing need. In Italy (about 60 million inhabitants) in 
the first semester of 2015, there have been 3,178,661 hospital inpatient admissions 
for a total of 21,790,190 days. Inpatient rehabilitation accounted for 4.9% of the 
cases but for 19% of the days (http://www.salute.gov.it/portale/temi/p2_6.jsp?lingu
a=italiano&id=1237&area=ricoveriOspedalieri&menu=vuoto). The disability epi-
demics have at least three acknowledged causes: (a) the increasing capacity of 
intensive and acute care to provide survival, though with residual impairments; (b) 
the growing sensitivity of the general public toward disability, and (c), of course, the 
increasing population aging, involving high risks for the most various disabling 
conditions, most of them chronic.

The booming rehabilitation costs are forcing health-care politicians to invent 
optimal criteria for allocating resources, with special emphasis on expensive 
hospital- based rehabilitation programs. “Appropriateness” (admitting the right 
patient to the right facility, for the right cost) is the key criterion appealed to by 
most stakeholders.
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Classifying individual cases is the premise to any selection policy. In all Western 
countries, except for the USA, cases are still coded according to the International 
Classification of Diseases (ICD) logic (https://www.cms.gov/medicare/coding/
ICD9providerdiagnosticcodes/codes.html) and/or the aggregation of ICD codes 
known as Diagnosis-Related Groups (DRG)  (http://www.rch.org.au/rchhis/coding_
casemix/DRG_and_Casemix_funding/): i.e., coding and reimbursement are ulti-
mately based on a “disease” diagnosis [1] (see Table 54.1).

By “disease,” reference is made here to a biological alteration considered as 
lowering the person’s health status. It is well known that this biological diagnosis 
tells little about the disability associated to (or following, in case of subacute con-
ditions) the disease itself, due to the intricate pathway leading from biology (ulti-
mately, an alteration of body parts) to disability (ultimately, a decreased capacity 
of interaction of the whole person with the outer world) [2, 3]. On the other hand, 
disability itself [4] is the very reason for admission to an inpatient rehabilitation 
unit.

Various models of prediction of resource consumption have been proposed. 
Indirect costs, uniform across patients, prevail in rehabilitation units. Therefore, 
quite pragmatically, most models target the summary indexes of costs, i.e., the 
length of stay (LOS). Models have been realized (Table 54.2) in order to estimate 
also the expected outcome of hospitalization, in terms of severity of residual dis-
ability and/or of discharge destination (mostly, home vs. long-term institutionaliza-
tion). A predictive model implies the possibility to compare observed and 
model-expected costs and/or outcomes, thus providing a relevant cue to the defini-
tion of both an “appropriate” admission and an efficient care.

Not surprisingly, the most predictive models (not in force in the European Union 
but active in the USA) are those encasing not only a diagnostic coding but also the 
disability level at admission [5].

A harsh debate exists on the opportunity to include also age and comorbidity 
in the predictive models. The latter is a position strongly supported by gerontolo-
gists, whereas physiatrists, in general, do not agree (the reason will be given 
below).

Table 54.1 Diagnostic vs. functional classification systems

Diagnosis (ICD terminology)
ICD 9 cm 
coding

DRG 
coding Disability

Flaccid hemiplegia and hemiparesis caused by a lesion 
of the dominant hemisphere

342.01 12 ?

Multiple sclerosis 340 13 ?
Hip joint replacement V43.64 256 ?

Examples of the confluence of ICD (9-cm version) into DRG codes. Neither coding system takes 
into account the disability of the patient
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54.2  Classification Systems in Rehabilitation

54.2.1  The FIM-FRG System

The widest and oldest application of a specific classification system to inpatient 
rehabilitation in the USA is the “CMG-cost measurement groups” system. With 
only minor adaptations, this is a variant to the original FIM-FRG system [6]. The 
FIM™ [7] (Functional Independence Measure) is the most popular (and validated) 
scale of independence in daily life (Fig. 54.1).

Table 54.2 Functional grouping systems adopted in post-acute care, in the USA

Grouping 
system, 
acronym Name First author

Date of 
proposal 
(subsequent 
versions)

Dependent 
variable, 
variance 
explained Main applications

FIM—
FRG

Functional 
independence 
measure—
function- 
related groups

Stineman MG 1994, 1997 Length of stay, 
days (log- 
transformed), 
30%

Efficacy/efficiency 
study of rehab 
facilities. Research 
through National 
US and affiliated 
foreign databases

CMG Cost 
measurement 
group

Carter 
J – RAND 
Corp. Study 
for the Health 
Care Financing 
Administration 
(now CMS), 
USA

2001 Total cost of 
inpatient stay, 
30%

Prospective 
payment system, 
rehabilitation, 
MEDICARE 
program, USA

RUG Resource 
utilization 
groups

Fries BE 1985, 1994 Nursing and 
therapy costs, 
55%

Per-day payment, 
nursing homes, 
USA

A sketch of the main classification systems adopted in the USA for case-mix classification in the 
“post-acute” area. The CMG has been used since 2001 for prospective “per capita” payment 
(Medicare-covered admissions). The RUG system is used for per-day payment of nursing homes, 
only. The variance explanation summarizes the reliability of the predictions that can be made, 
based on the independent variables and specific algorithms, with respect to the dependent variable 
(e.g., days of hospital stay, cost of the whole stay, cost per day). Empirically, a 30% variance expla-
nation is recognized as suitable to warrant an equitable reimbursement of a facility. In the EU (and, 
to the author’s knowledge, in all other countries), inpatient rehabilitation is still paid on a per-day 
basis. The same holds true for nursing homes. Local governments adopt various adjustments 
(based on diagnosis, functional scales, time since disability onset, and the like) aimed at taking into 
account the severity (hence, the expected costs) of different cases. Unlike the classification models 
in the USA, these adjustments do not stem from large-scale epidemiologic studies, nor they are 
uniform even within single countries
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As shown in Fig. 54.1, the FIM rates 13 neuromotor (such as bladder manage-
ment and locomotion) and 5 cognitive activities (such as communication and social 
interaction), scored 1–7, the higher the score, the greater the subject independence 
from aids (e.g., canes or orthotic appliances) and someone else’s help. The FIM is a 
worldwide standard, including rigorous scoring procedures, validated translations 
in several languages, dedicated courses, and a centralized credentialing exam releas-
ing a “competency certificate.” The system also includes the diagnostic coding sys-
tem RIC (Rehabilitation Impairment Codes), comprising approximately 70 
macro-diagnostic categories which are function-oriented, like some codes for 
“stroke” or for “spinal cord lesion,” with no reference to the specific underlying 
pathophysiology (to compare, there are approximately 600 DRGs and almost 12000 
ICD codes).

How can “diagnostic” or “functional” classes generate outcome predictions and/
or indexes of appropriate admission to a health-care unit? Technically, a “decision 
tree” must be built. The most famous clinical decision tree is perhaps the one giving 
rise (“triage”) to the colored priority codes in the first aid departments. The idea is 
combining the patient’s biomedical “class” with other relevant information avail-
able at admission: for instance, in the case of rehabilitation, this can be gender, age, 
time since onset of the present disability, etc. The suspect “independent variables” 
may or may not be relevant determinants of the dependent variable. If they are, 
homogeneous “groups” can be identified, sharing a given value of that variable and 
presenting different values from the other groups (e.g., length of stay can be similar 
in patients below a given age cutoff and very different from the length of stay 

FIMTM - Functional Independence Measure

MOTOR ITEMS COGNITIVE ITEMS

1. Eating 14. Comprehension

15. Expression

16. Social interaction

17. Problem solving

18. Memory

2. Grooming

3. Bathing

4. Dressing-upper body

5. Dressing-lower body

6. Toileting

7. Bladder management

8. Bowel management

9. Bed-chair-wheelchair

10. Toilet

11. Tub-shower

12. Walk-wheelchair

13. Stairs

SELF-CARE COMMUNICATION

SOCIAL COGNITION

SPHINCTER CONTROL
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Fig. 54.1 The FIM™ 
scale. It rates independence 
in 18 activities of daily 
living (score 0–7, the 
higher the score, the better 
the condition). The 13 
motor (total score 13–91) 
or the 5 cognitive (total 
score 5–35) items can be 
grouped into a “motor” and 
a “cognitive” subscale. 
Several national validated 
versions exist. Official 
teaching and credentialing 
procedures and authorized 
national data banks are 
foreseen, in order to 
preserve the national and 
international 
standardization of 
measures and to foster 
cross-cultural research
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recorded in patients at or above the same cutoff). As a rule, however, the variables 
interact with each other in complex, unpredictable ways, thus giving rise to unsus-
pected homogeneous subgroups of patients. Figure 54.2 exemplifies (in a very sim-
plified model) the concept of “classification systems” based on the interaction 
between two independent variables.

Numerous and extensive studies both carried out in the USA [5] and Italy [9] used 
a particular decision tree algorithm (Classification and Regression Tree, CART). For an 
application to another field, see [10]. The FIM-FRG system includes only the RIC, the 
FIM score at admission, and age—the latter for a few groups only—and succeeded (in 
terms of variance explanation) in predicting the patient’s LOS. More precisely, it could 

LOS LOS

LOS

total sample

main effect

interaction

FIM<70 FIM>70

FIM<70 FIM<70 FIM > 70
age>55age> 55 age< 55age< 55

FIM > 70

B1

B2

C1
C2

D

A
B

C

D

Fig. 54.2 A sketch of the “decision trees” leading to case-mix classification in inpatient rehabili-
tation units (after Tesio L [8]). Let us imagine that one aims at building a “classification system” 
predicting the length of stay (LOS, on the ordinate) based on patient’s age and his/her FIM total 
score at admission. In the upper left panel, the vertical bar represents the distribution (or, if one so 
prefers, the variance) of the observed LOS in the total sample of patients (A), the horizontal bar 
giving the mean. There are no “explanations” for the variance referring to the mean, which must 
be accepted and ascribed to chance. In the upper right panel, the sample is split into two subsam-
ples, B and C, on the basis of the patient’s FIM score at admission (the ideal cutoff is 70 out of 126; 
see the abscissa). It can be seen that a large difference (D) exists between the two means, and, most 
importantly, that uncertainty around the mean (i.e., the variance) across each subgroup is decreased 
(or: some variance is now “explained”). The FIM score alone is a determinant of LOS (it represents 
a “main effect”). In any case, one can do better. The bottom panel shows a further splitting of the 
sample, based on the combination (“interaction”) of the FIM cutoff (70 out of 126) and the age 
cutoff of 55 years. The variance around the mean across the four subgroups is furtherly decreased. 
Given the FIM and the age at admission, one can reliably predict the expected LOS of the patient. 
If the observed LOS does not match the expectation, a diagnostic procedure can be established. 
The cutoff values are taken from real epidemiologic studies. Their definition and the interaction 
rules require dedicated statistical modeling and software [1, 8]
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assign each case to one of few FRGs (function-related groups) sharing the same LOS 
within groups and showing a significantly different LOS between groups. Once 
“groups” have been defined, they can also be assigned to an expected “gain” of FIM 
scores between admission and discharge. The ratio of FIM “gain” to LOS is an index 
of “efficiency” of the inpatient stay. The efficiency of different facilities, or even of dif-
ferent units within the same facility or institution, can thus be compared with respect to 
any given FRG (so-called efficiency pattern analysis, EPA [11]). Periodic FIM-FRG 
reports, specific for major impairment categories, are issued in the USA, showing that 
the introduction of the FIM-based system led to a moderate, yet constant, decrease in 
LOS, whereas FIM levels at discharge and consistent relationships in LOS across the 
FRGs [12] were unaffected. Two points must be emphasized. First, in such “predictive” 
classification systems (both in the USA and Italy), the independent variables that are 
not included because not predictive are worth being considered not less than those that 
were included. Perhaps counterintuitively, age and comorbidities play only a minor 
role in these systems. Second, a FIM-FRG system can be effectively produced also for 
predicting the FIM outcome or the discharge destination, based on the admission 
parameters. Again, the RIC and the FIM are the strongest determinants of the expected 
outcome, with only a minor role (and often an unexpected one; see below) played by 
age. In the CMG system (the official US federal system, a close variant of the FIM-
FRG system), a few comorbidities may enter the algorithm but only in extreme cases 
(e.g., bacterial meningitis and the like). Since 2001, the CMG grouping system, based 
on the FIM-FRG algorithm, is adopted as a prospective payment system in the USA 
(i.e., a per capita, not per diem payment), for all rehabilitation admissions covered by 
the Medicare program (i.e., over 65% of cases).

54.2.2  Rehabilitation Units and Nursing Homes: Which Is Which

Before adopting the FIM-based classification system, the US Federal Regulatory 
Agency (Health Care Financing Administration, HCFA, now Centers for Medicare and 
Medicaid Services, CMS) imposed the experimentation of a hybrid instrument to be 
shared by all “post-acute” facilities, including rehabilitation units and nursing homes. 
The experimentation failed, mostly due to the vigorous (and motivated) protests arising 
from the rehabilitation field. The FIM-based system was approved for inpatient reha-
bilitation, and dedicated systems, the most famous of which is the Resource Utilization 
Groups (RUG) [13], were adopted in nursing homes (see Table 54.1). Actually, nursing 
homes are just one of the many types of “long-term care facilities” available both in the 
USA and other countries; yet, this issue goes beyond the topic of this chapter.

54.2.3  The Diverging Perspectives on Classification: Disability 
Seen from Rehabilitation Units and from Nursing Homes

The conceptual points of the lively debate finally leading, in the USA, to distinct 
instruments for the diverse “post-acute care” inpatient settings can be summarized 
as follows.
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First, in nursing homes the admission criteria do not include—like it happens in 
rehabilitation units—a prognosis of functional recovery nor the patient’s capacity to 
sustain specific exercise procedures (in the order of 1–3 h/day). Second, the provi-
sion of rehabilitation interventions is the core mission of rehabilitation units, while it 
is an optional service in nursing homes. Unlike the FIM-FRG grouping, the algo-
rithm of CMG includes the provision or rehabilitation services and of life-supporting 
procedures (e.g., tracheostomy, gastrostomy, etc.) as independent variables leading 
to a more rewarding reimbursement “group,” clearly, a fee-for-service logic. This 
incentivizes a medically oriented attitude of nursing homes, but it does not incentiv-
ize specific efforts toward the reduction of the guest’s disability. In short, although 
both types of facility intervene in the “post-acute” phase of a disabling illness, and 
provide various rehabilitation services, their mission is entirely different.

It is of interest that the aforementioned debate across stakeholders and HCFA—
fully accessible through the web—included a deep reflection on the “specificity” of 
rehabilitation units. From the rehabilitation side, the successful claim for a specific 
classification system (fully endorsed by the author [8]) was atoned for by a robust 
“slimming” of the set of clinical conditions admissible in “true” rehabilitation units 
allowing a prospective per case payment through the CMG algorithm. At least 75% 
of the inpatient admissions, irrespective of patient’s age, had to represent either 
severe neurologic conditions (stroke, brain injury, etc.), burns, or traumas, and a few 
others. The frequent cases of arthritic knee and hip joint replacement were not 
included in this “golden list.” Most importantly, “cardiac,” “pulmonary,” “onco-
logic,” and any non-neuromotor post-acute conditions were not considered as appro-
priate for “rehabilitation units,” although they were judged as fully entitled to receive 
also rehabilitation interventions within their specific organ/disease-based units. The 
key argument was that both the main competences and resources dedicated to these 
patients, and the logic of admission and discharge, were disease- and organ-specific 
and not specific of the physical medicine and rehabilitation discipline.

The emphasis placed in the USA on the specificity of neuromotor inpatient reha-
bilitation with respect to chronic care and in general, elderly care, is a stimulating 
lesson for rehabilitation in Europe.

54.3  Outcome Studies in Inpatient Rehabilitation Units: The 
(Non)-Predictive Role of Aging and Comorbidity Indexes

Not surprisingly, age is not a relevant predictor of the functional status at discharge 
from rehabilitation units. This emerges from all the FIM-based classification studies 
conducted in the USA and, according to the author’s experience, in Italy [12, 13, 14, 
15]. The above considerations should clarify why this is the case.

Age and its related groups of comorbidities and risks for complications may 
surely limit the patient’s potential recovery, whatever his/her main underlying neuro-
motor impairment is. However, rehabilitation units must select (“creaming” or 
“skimming”) the admission cases according to two main criteria: (a) the prognosis of 
meaningful functional improvement (not necessarily a great one) and (b) the predic-
tion of the capacity to tolerate exercise programs (not necessarily a motor one; for 
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instance, the program can be focused on cognitive, swallowing, sphincter impair-
ments). Admissions must be subjected to these selection criteria: hence it is clear 
that, downstream a correct admission, age and comorbidities play a little role in 
predicting the functional outcome of the inpatient stay. It must be this way, if the 
admission fits the unit’s mission. Age in itself must not prevent admission to a reha-
bilitation unit. Let us rephrase the reasons: first, because after the specialist’s func-
tional screening, age is playing only a marginal role in determining the predicted 
outcome and, second, because age may even work in a counterintuitive way. An 
unexpected finding emerged from all classification studies in the USA and Italy. 
Elderly patients (mainly, above 70 years) with various impairments may paradoxi-
cally have a shorter stay, compared to their younger counterparts. The reasons are not 
yet fully elucidated. However, there may be at least four good reasons, not mutually 
exclusive: (a) elderly people may have a lower potential for recovery, encouraging 
their earlier discharge; (b) their recovery may show an earlier plateau; (c) in rehab 
units physicians tend to discharge elderly patients earlier in the attempt to minimize 
their risk for side effects of hospitalization (infections, disorientation, depression); 
and (d) at least in the cases of brain vascular accidents, elderly people may recover 
faster, thanks to a collateral circulation developed along the previous years in order 
to compensate for chronic hypoxia.

54.4  Concluding Remarks

It does not seem convenient to considering age, nor its related various comorbidity 
indexes, as criteria for admission to rehabilitation units. Such a criterion would 
encourage a discriminating adverse selection, and it could dilute the highly specific 
mission of rehabilitation into one of a more generic “elderly care.”

The correct response to the challenge of the disabled elderly is rather the estab-
lishment of rehabilitation units tuned on high- or low-intensity rehabilitation, the 
latter to be reserved to those patients who cannot tolerate (perhaps temporarily) an 
intensive rehabilitation regimen [16]. Again: the setting selection should follow 
functional criteria, not privileging age and/or comorbidity. The mere fact that elderly 
may represent the majority of these “low-tolerance long stay” cases must not cast 
shadows over the specific mission of a true neuromotor rehabilitation unit.

Key Points
• The majority of patients suffering from disability of acute onset or acute 

worsening are elderly and affected by various comorbidities.
• Old age and comorbidities themselves must not prevent the patient’s 

admission to an inpatient rehabilitation unit.
• In fact, a prognosis of functional recovery and of tolerance to exercise is 

the main criterion for appropriate admission, whatever the patient’s age.
• Epidemiologic studies based on functional/diagnostic classification of patients 

demonstrate that age and comorbidities, downstream an appropriate admission 
to a rehabilitation unit, are not relevant determinants of the outcome.
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55Healthcare and Rehabilitation 
for the Elderly in Italy

Paolo Boldrini

55.1  Demographics and Healthcare Organization in Italy

Italy is the sixth largest country in Europe and has the second highest average life 
expectancy: in 2011, it was 79.4 years for men and 84.5 for women (compared with 
77.4 years for men and 83.1 years for women for the EU as a whole).

Italy has also one of the lowest fertility rate in the world: 1.4 births per woman 
in 2011. As a result, the population growth rate is very low (0.35), one of the lowest 
in Europe [1].

One of the major aspects of demography in Italy is therefore the growing number 
of elderly people: 6% of the country’s total population are over the age of 80, and 
the estimate for 2016 is that people of 65 years and over will reach the 21.3% of 
population. By the year 2050, this figure is expected to rise to 34% [2].

There are marked regional differences for both men and woman in most health 
indicators, reflecting the social and economic differences between the North and South.

The Italian health system has been ranked the second best in the world by the 
World Health Organization, with only the French system ranked higher. The 
Ministry of Health is ultimately responsible for the administration of the health 
service, but much of the control has been passed to the regional and the local health 
authorities known as ASL (azienda sanitaria locale). The whole system includes 21 
regional health authorities and about 200 local authorities.

The Italian national healthcare service (SSN) was created in 1978 to replace a 
previous system based on insurances. In 2001, a reform increased the role and 
responsibility of the regional authorities in ensuring the basic healthcare services 
(livelli essenziali di assistenza, LEA) which must be provided to all citizens.
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Therefore, the SSN covers all necessary treatments, providing universal cover-
age and free healthcare at the point of delivery. It should be noted, however, that 
there are variations in the quality of services between the regions; in general, with 
better coverage and quality in the North with respect to the South and Islands.

Local health units (ASL) are responsible for the management of all health ser-
vices in their area, and private providers can also operate within the SSN.

The SSN is mainly funded through national taxes, with a relatively small co- 
payment for pharmaceuticals and outpatient care. In 2012, the health expenditure 
accounted for 9.2% of GDP. Public sources account for the majority of healthcare 
spending: private spending being about 18%, mainly in the form of out-of-pocket 
payments. Private insurance covers only about 1% of total expenditure [3].

Hospitals are reimbursed by the SSN according to a national diagnosis-related 
group (DRG)-like system. National-level tariffs cover the cost of public hospital 
admissions throughout the country. Private hospitals are reimbursed to the same 
DRG-specified level and additional costs borne by patients—through private insur-
ance schemes.

55.2  Rehabilitation Services for the Elderly in Italy

The prevalence of chronic conditions, most of which determine disability, increases 
with age, reaching 75.6% in people between 65 and 74 years [4].

The 1998 Guidelines for Rehabilitation Care issued by the Ministry of Health [5] 
established general rules for the organization and delivery of services, concerning 
inpatient, outpatient, and home- and community-based rehabilitation. Rehabilitation 
medicine specialists, together with other healthcare professionals, would provide 
services to people affected by various disabling conditions through the definition 
and implementation of an individual rehabilitation program, based on a comprehen-
sive multidisciplinary assessment of each individual’s health and social care profile 
in order to outline the required treatments and the most appropriate treatment 
setting(s) for an active recovery.

In 2011, the Ministry of Health issued a strategic plan for rehabilitation (piano di 
indirizzo per la riabilitazione) [6], in which rehabilitation is seen as an integrative com-
ponent of prevention and therapy within an effective integrated patient pathway. The 
plan proposed the establishment of rehabilitation departments within ASLs to uni-
formly coordinate the provision of care and guarantee better integration with providers. 
To date, implementation still differs from region to region and from ASL to ASL.

As for the specific rules and laws addressing the needs of the elderly persons, in 
1992 a national plan for senior citizens was issued with the name “Objective: Ageing 
Persons” aimed at better coordination of medical and social services, which can be 
integrated within a person’s home care service system.

Most of the users of inpatient and outpatient rehabilitation services are elderly. 
Services provided in the post-acute care are usually delivered in hospitals (in rehabilita-
tion wards of general hospitals as well as in public or private rehabilitation hospitals).

Inpatient rehabilitation is classified as “intensive” or “extensive” according to 
the number of services and hours of specific therapy.
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In 2014, the “intensive inpatient rehabilitation” accounted for about 300,000 
hospital admissions (12% of the total number of hospital admissions), while the 
“extensive inpatient” accounted for about a third of these figures [7].

Most of the conditions requiring inpatient rehabilitation typically affect the 
elderly persons: stroke, hip fractures, neurological degenerative diseases, and com-
plex multimorbidities.

Rehabilitation admissions are classified into “Major Diagnostic Categories”; the 
majority of them fall into the “neurologic” and “orthopedic” categories.

Rehabilitation care for the elderly is also provided in long-term hospitals, outpa-
tient ambulatory settings, nursing homes, and residential and semi-residential homes. 
These settings deliver services for frail or chronically ill people not requiring an 
acute hospital setting. These types of care involve a range of services designed to link 
primary care, acute care, and social care in an integrated patient pathway. ASLs are 
responsible for coordinating and delivering such services and coordinating a set of 
multidisciplinary activities aimed at switching the care setting from hospital to home 
care, reducing the length of hospital stay, as well as preventing hospitalizations and 
inappropriate readmissions. When the local units are not able to directly deliver the 
set of services required, they can make agreements with public or private hospitals to 
provide them. In practice, services have been developed differently by the regions, 
with marked variations in how such services are organized.

Rehabilitation is also delivered in the long-term care settings. This area is still 
characterized by multiple providers and delivery methods. Historically, local 
municipalities have been in charge of providing social care services, and ASLs have 
been considered responsible both for healthcare services and some social care. 
Thus, in the provision of long-term care, many different models are implemented in 
the different regions; in general GPs play a pivotal role in selecting the different 
options and in referring the persons to the different settings.

The residential settings for the elderly are usually classified as residential or 
semi-residential facilities (residenze sanitarie assistenziali—RSA) or community 
nursing homes. RSAs generally care for patients who require healthcare resources 
in terms of nursing and medical consultations, whereas more “stable” patients are 
directed toward community nursing homes.

As for the home-based rehabilitation, service delivery is usually based upon the 
home care model (assistenza domiciliare integrata—ADI), which is part of the LEAs.

The ADI care model is based on the formulation of a Personal Care Plan (Piano 
Assistenziale Individualizzato—PAI), which may include rehabilitation interventions 
(in such case a Personal Rehabilitation Plan is also defined) according to an individual’s 
care needs. A multidisciplinary unit (unità di valutazione multidimensionale—UVM) of 
different healthcare professionals (GPs, medical, nursing, and rehabilitative staff) is acti-
vated to assess the patient’s needs. Nationally, 597,151 people received home care ser-
vices in 2010; 990 cases per 100,000 were patients receiving services under ADI, 
representing an increase of 11.7% compared to 2009. Some regions or municipalities 
established financial supports and vouchers for both home care and residential facilities 
(including disability support and in some cases rehabilitation services).

It must be said that in Italy, there is still a lot of emphasis on family support. 
Looking after the older members of the family is regarded as a responsibility or a 
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“social duty,” especially by the women, and this also includes taking care of extended 
family. A large part of the population, mainly family members, provide informal 
healthcare without receiving any kind of subsidy from the government and profes-
sional support. Many patients’ organizations try to cope with this deficiency by col-
lecting funding and delivering services to patients and informal caregivers.

A relatively new phenomenon is the care for the elderly or the disabled provided 
by immigrants or women on very low incomes. Some cash benefits for disabled 
people, including the elderly, to support care at home, are delivered by the social 
care authorities or by local municipalities. In recent years, a strong emphasis has 
been put by some regional and local health authorities in programs aimed at promot-
ing healthy lifestyles among disabled and elderly people, usually through a referral 
made by the rehabilitation professionals or GPs after the phase of formal medical 
rehabilitation. Such programs are defined under the umbrella term of adapted physi-
cal activity (attività fisica adattata—AFA).
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• Italy has the second highest average life expectancy.
• Regional and the local health authorities known as ASL (azienda sanitaria 

locale) administer the health service in Italy.
• The Italian national healthcare service (SSN) provides universal coverage 

and free health service for all citizens. Private providers can also operate 
within the SSN.

• There is a better coverage and quality of services in the North Italy with 
respect to the South and Islands.

• In the provision of long-term care, many different models are implemented 
in the different regions.

• In Italy family is very important in providing healthcare without receiving 
any kind of subsidy.
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KAFKA  Center for Recovery, and Physical and Social Rehabilitation
KAPI Open Care Center for the Elderly
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56.1  Introduction

56.1.1  Greek Population’s Health Status

Greece, till the beginning of the twenty-first century, is facing a considerable aging 
of its population. According to the 2011 Population Census, the resident population 
of Greece is 10,816,286, of which 5,303,223 are male (49.0%) and 5,513,063 are 
female (51.0%) [1]. According to the data of the National Statistical Service of 
Greece, in 1991 the percentage of the population over 65 years old was near to 14%, 
while in 2001 this percentage rose to 17% and is expected to reach 24% by 2030. 
Approximately 18.7% of the Greek population is aged over 65 (OECD average 
15%) with 4.3% of the population over 80 (OECD average 4%) [2].

The majority of patients consist of elderly people (over the age of 65). One out 
of two persons (49.7%) aged 15 years and over reports suffering from a chronic ill-
ness or health problem. In comparison to the other age groups, the elderly account 
for 60% of ambulance calls, 80% of homecare users, and 49% of inpatient care, and 
85% of the patients are suffering from chronic diseases [3].

Self-perceived chronic morbidity and limitation in activities of the population on 
account of health problems are two basic health indicators. Ιn Greece, chronic ill-
ness or a health problem is reported by five out of ten women (54.1%) and by four 
out of ten men (44.8%). According to the data recorded, one out of two persons aged 
65–74 years and almost eight out of ten persons aged 75 years and over are limited 
in their activities due to health problems [4].

56.2  Healthcare Organization in Greece

In 1983, Greece established a national health system (ESY) in which the 
Government must, under the Constitution, “guarantee that all citizens enjoy the 
benefits of a complete range of services of high quality, free at the point of ser-
vice” (The Greek Constitution, 1975). The Greek health system is characterized 
as a dual system. The supply side is organized largely along Beveridge lines, 
with state-provided hospital care and a network of rural health centers covering 
almost one-third of the population. On the demand side, the system functions 
mainly along Bismarck lines, with health insurance provided traditionally by 39 
health funds, up until 2012 when the various funds merged into one fund, called 
EOPYY (National Organization for Healthcare Services Provision), covering the 
entire population [5].

Health services for inpatients are systematically provided by hospitals that are 
placed all over the country—there are over 130 secondary and tertiary hospitals—
which are state run (there are seven public university medical schools). Primary 
healthcare (PHC) is provided by health centers run by the National Health System 
(ESY) and social insurance funds. In these centers, physicians often have a very 
small role, limited to prescribing and referring. In addition to the ESY, there are 
also healthcare services provided by the private sector, both at PHC level and 
hospitals.
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In 2010 the first step was taken toward the unification of the social health insurance 
funds, and a year later, Law 3918/2011 introduced a major restructuring of the health 
system. More specifically, the health sectors of all major social insurance funds (IKA, 
covering employees and workers in the private sector; OGA, farmers; OAEE, self-
employed professionals; and OPAD, public sector employees) formed a single health-
care insurance organization (the National Organization for Healthcare Services 
Provision (EOPYY) which henceforth acted as a unique buyer of medicines and 
healthcare services for all those insured. EOPYY also became the country’s main new 
body tasked with managing and providing primary healthcare (PHC), which also 
undertakes the operational coordination and the cooperation between (public and pri-
vate) healthcare units and health professionals constituting the PHC network [6].

In terms of rationalizing the hospital payment system, the former reimbursement 
method based on a fixed per diem charge was abandoned in 2012, and a new pay-
ment system (called KEN-DRGs), based on the German version of diagnosis- 
related- groups (DRGs), was developed [7].

The fragmentation and non-unification of the primary healthcare sector means 
that data on the use of primary healthcare services are very limited, though some 
indications exist that the major PHC centers are heavily used by older people. The 
lack of general practitioners has implications in the continuity of care, particularly 
important for older people with functional limitations, since there are no permanent 
medical records kept in the public primary healthcare sector. There are no specialist 
geriatric services, as this is not a recognized specialty in Greece, and there is only 
limited geriatric and gerontological training for health and social care personnel. 
Current doctor-nurse imbalances imply that the division of tasks in delivering health 
services is not optimal with twice as many doctors as nurses [8].

56.3  Rehabilitation Care Organization in Greece

In Greece, rehabilitation services are provided within the healthcare sector and the 
social sector, by both public and private institutions.

Rehabilitation is partly provided by public hospitals’ departments of physical 
medicine and rehabilitation and the National Center of Rehabilitation (EKA) with 
inpatient and outpatient treatment facilities. There are four public hospitals with 
such departments and two departments of PRM in the EKA (which is the most com-
plete rehabilitation center in Greece), all of which are located in the wider area of 
Athens. The capacity of all these departments does not exceed 200 beds.

In addition, there is a university clinic with 40 beds that has been partly operating 
since 2006 in the Medical School of the University of Ioannina and a second one 
with 22 beds that has been suboptimal operating since 2013 in the Medical School 
of the University of Patras. A children’s rehabilitation outpatient department has 
also recently been established in relation to the Children’s Hospital in Athens offer-
ing evaluation and rehabilitation treatment services to outpatient disabled children. 
Moreover, there are private physiotherapy clinics, throughout Greece, which cover 
fully or partly the needs in physiotherapy of outpatients, adults, or children, finan-
cially covered by contracts with state funds.
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Greece has a long way to go toward adequate rehabilitation services, since a total 
of 200 public rehabilitation beds is insufficient to cover the spectrum of rehabilita-
tion needs from people with injuries to people with strokes or other problems within 
LTC (long-term care). Although not all of the cases need inpatient rehabilitation, the 
need is still not covered by the existing structures, and out-of-the pocket payment is 
necessary as social security covers only part of the expenses. Finally, it is worth 
mentioning that during the last 15 years, private sector profit-making activities in 
the provision of physical rehabilitation have increased due to the gaps in ESY ser-
vices and the inefficient operation of public facilities owing to staff and equipment 
shortages. These profit-making centers enter into contracts with insurance funds to 
provide services. In rural areas, about 20 private rehabilitation centers, with in total 
around 1800 beds, cover the needs of the population, and the social security fully or 
partly covers the cost. There is no age or disease discrimination and older people 
with strokes constitute a big proportion of the patients. Both public and private 
rehabilitation services are functioning with limited quality control from the Ministry 
of Health (MoH), and the number of PRM doctors responsible for the scientific 
supervision of rehabilitation offered in the private structures is extremely limited.

There are about 240 specialists practicing physical and rehabilitation medicine 
(PRM) and 33 trainees.

Within the social sector, rehabilitation is offered by two structures. The first 
structure comprises a network of 24 Centers for Social Support and Training for 
People with Disabilities (KEKYKAMEAs), established according to the provisions 
of Law 2646/1998 for the development of the national system of social care, and of 
17 Centers for Recovery, and Physical and Social Rehabilitation (KAFKAs). These 
are independent public entities supervised by the Ministry of Health and Social 
Solidarity. The aim of these centers is to offer early diagnostic services, psychoso-
cial support, education, and training to provide disabled people with the tools they 
need to attain independence and self-determination. The intention of creating 
KEKYKAMEA and KAFKA was to deinstitutionalize and regionalize the provi-
sion of care and to supply open services allocated across the whole country. 
However, their operation has fallen short of expectations, mainly due to inadequate 
staffing (scientific, administrative, and auxiliary personnel) and equipment (reports 
of SEYYP 2005–2015) [9].

The second social sector structure providing rehabilitation to adult disabled per-
sons includes a variety of different forms of the so-called “rehabilitation centers” 
for LTC (long-term care), with a more residential-oriented character. These are:

 (a) Centers of Recovery, Rehabilitation and Social Support for People with 
Disabilities (KAAKYAMEAs)

 (b) Centers of Rehabilitation of People with Disabilities (KAAMEAs)

All of these centers cater for people with disabilities and, more specifically, sup-
port people with congenital disorders, or temporary or permanent muscle, respira-
tory, circulatory, and nervous system problems, as well as those with mental 
disability. They offer services mainly to resident-disabled patients.
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56.4  Community-Based Care

The aging of the population and the increase of the incidence of chronic diseases 
and disabilities, combined with the limited financial health resources, forced the 
reorganization of the National Health System toward the development of primary 
healthcare system. As a result of this development and considering that 80% of the 
users are elderly people, priority has been given to the establishment of community- 
based care.

In Greece, the most important care network for older people is the Open Care 
Centers for the Elderly (KAPI). KAPIs are multidisciplinary centers (>1000 
throughout Greece) which, from their outset in the early 1980s, offered locally pro-
vided combined social and health programs, with the aim of supporting older people 
to remain independent in community-based settings and avoiding the need for more 
intensive long-term care (LTC), including family provided care and admission to 
institutional forms of care. They typically consist of a social worker (who is the 
team leader and coordinator), a nurse or health visitor, a physiotherapist, an occupa-
tional therapist, and a family assistant. The service aims to detect any unmet medi-
cal, social, or mental health needs and to promote independence. The Open 
Protection Centers of the Elderly (KAPI) are open programs involving the elderly 
over 60 years without socioeconomic criteria, in order to integrate and socialize all 
members of the community. They provide all forms of organized recreation, medi-
cal care, physiotherapy treatment, occupational therapy, social work, provision of 
hospital care, and all kinds of material and moral services to the elderly. These 
Elderly Care Units supply the elderly with their services continuously, as long as 
they live there. The day care centers of the elderly provide their services several 
hours a day, so as to help the family to care for the elderly. Most health promotion 
programs are applied in KAPIs.

In 1996, the Ministry of Health, in cooperation with the Ministry of the Interior 
Affairs, in order to cover the need for health services, developed the so-called “Help 
at Home,” healthcare programs which provide health and social care services at 
home. The program “Help at Home” is part of the primary social care services, 
providing nursing care, social care services, and domestic assistance to older people 
who live alone continuously or at certain times of the day and cannot sufficiently 
take care of themselves and also to disabled people who face situations of isolation, 
exclusion, or family crisis. Its aim is to support and care for the elderly in their 
home, to enhance the quality of their life, to inform the society, and to attract volun-
teers [10].

The Help at Home services (implemented under the responsibility of the local 
authorities in municipalities throughout the country and usually associated closely 
with the local KAPIs,) provide a range of essential services to support dependent 
older people at home, focusing on those with limited financial means and no family 
help. However, recent studies have shown that their insecure funding has seriously 
undermined their capacity to function effectively. Nevertheless, with a planned pol-
icy for operation and adequate funding, the combined KAPI and Help at Home 
network could provide a model for the integrated provision of long-term care.
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57Long-Term Care for Older People 
in England

Raphael Wittenberg

57.1  Introduction

Long-term care is crucial for the well-being of the rising numbers of older people with 
personal care needs and younger people with disabilities. Despite its importance, there 
is no single internationally agreed definition of long-term care. In the UK, the term 
long-term care, or care and support, tends to be used to refer collectively to a range of 
health, social care, supported housing, disability benefit and other services which help 
disabled younger and older people live an independent life. The emphasis is generally 
on help with personal care tasks such as dressing, bathing, feeding and toileting but 
extends to help with domestic tasks and to some forms of professional support.

57.2  Structure

Health, social care, and housing (but not social security) are all devolved functions 
within the UK. This means that the administrations in Scotland, Wales and Northern 
Ireland are responsible for these services within their countries. Since there are some 
differences in policies and practices between countries within the UK, this chapter 
concentrates on England, which contains over 80% of the population of the UK.

Local authorities are responsible for assessing needs for social care and arrang-
ing care for those with eligible needs in their areas. They set eligibility criteria for 
publicly funded care for their areas within national guidance. They are also respon-
sible for public health, education, and housing. Their services are funded through a 
combination of revenues from local taxation, grants from central government, and 
income from user charges for services.
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Clinical commissioning groups are responsible in England for assessing needs, 
setting priorities, and commissioning most healthcare services for their local popu-
lations. NHS England however is responsible for commissioning primary care ser-
vices and some specialist services. It sets the overall priorities for the National 
Health Service (NHS) in accordance with a mandate from the Government. The 
NHS is funded from general taxation and is mostly free at point of use.

The Department for Work and Pensions (DWP) is responsible throughout Britain 
for cash disability and carer’s benefits. The main cash benefit for older people with 
disabilities is Attendance Allowance which is a non-means-tested cash payment 
which recipients can use as they wish. The main cash payment for unpaid carers is 
Carer’s Allowance which has a number of eligibility criteria including a provision 
that the carer provides at least 35 hours of care per week. Social security benefits are 
funded through general taxation.

57.3  Unpaid Care and Formal Services

Unpaid care is crucial to the care and support of older people: the majority of 
community- based care is unpaid care by family and friends. This means that the 
future sustainability of adult social care will depend heavily on the future supply of 
unpaid care over the coming decades. This may in turn be affected by a range of 
economic and social trends as well as by social security and other policies on sup-
port for carers and on employment laws and practices relating to carers.

Around 2.1 million older people in England receive unpaid care from relatives 
and friends, mainly from spouses, daughters and sons, and some 5.2 million people 
provide unpaid care to an older relative or friend, according to estimates based on 
recent Health Survey for England findings. The difference between these figures is 
likely due mainly to differences in perceptions between caregivers and care recipi-
ents about whether the help and support provided be regarded as unpaid care. 
Around 875,000 of the carers provide unpaid care for 20 or more hours per week, 
comprising 325,000 spouse carers, 200,000 other coresident carers, and 350,000 
providers of care to an older person in a different household.

Most formal social care is provided by the independent sector, both for-profit and 
not-for-profit providers. Local authorities’ direct provision of services is fairly lim-
ited in most areas: they now provide less than 10% of care home places for older 
people and less than 10% of home care hours. Local authorities commission ser-
vices from a diverse but mostly competitive market of mainly relatively small pro-
viders. This does not mean however that the care market meets all the characteristics 
of a classic competitive market. Local authorities mostly have considerable monop-
sony power as the dominant purchaser.

Around 325,000 older people live in care homes, slightly over 3% of the older 
population. This is down from around 5% in the early 1990s. Around half of these 
care home residents are funded by local authorities, under 10% are fully funded by 
the NHS, and over 40% fund their own care privately. The majority are female and 
aged 85 and over, lived alone before they entered residential care, are cognitively 
impaired, and have a high level of functional disability.
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Over 400,000 older people receive long-term support funded by their local 
authority [1]. As at 31 March 2015, 157,000 received support in a care home and 
comprised around a half of all older care home residents. The remaining 254,000 
received support in the community. This includes recipients of home-based and 
recipients of cash payments in lieu of services. An estimated further 100,000 older 
people purchased home care privately.

Local authorities’ gross current expenditure on adult social care in 2014/15 was 
£17.0 billion, and their net current expenditure on adult social care (net of income 
from user charges) was £14.4 billion [2]. Around half of the gross expenditure fig-
ure relates to care of older people. Adult social care accounts for some 15% of the 
local authorities’ overall net current expenditure.

The rising numbers of older people and rising real costs of care mean that public 
expenditure on care and support for older people will need to rise in real terms to 
keep pace with the expected demand pressures. Public expenditure on social ser-
vices for older people, net of user charges, is projected to rise by 155% from around 
£6.9 billion (0.43% of GDP) in 2015 to £17.5 billion (0.69% of GDP) in 2035 at 
constant 2015 prices [3]. This is on the basis of constant disability rates (by age) and 
unchanged patterns of care and an unchanged funding system.

There is a mixed economy of finance of adult social care. The majority of the 
costs are in effect borne by unpaid carers in terms of the opportunity cost of their 
time, and a minority of the costs are borne by the funders of formal services. The 
services are funded by a combination of central taxation, local taxation, user charges 
for publicly subsidized care, and out-of-pocket payments by service users and their 
families. Insurance for long-term care needs is not available commercially in 
England other than immediate needs annuities.

Social care in England, unlike healthcare, is not free of charge to those needing 
support. People with savings above a specified capital limit (currently £23,250) are 
generally ineligible for publicly funded social care, and those with savings below 
this threshold may still have to pay part, or all, of their care costs, depending on their 
wealth and income. A person’s home is counted as part of their savings if they enter 
residential care (with some exceptions) but is not counted if they receive home- 
based care. This means that it is not unusual for care home residents to need to sell 
their former home to fund their care and not uncommon for those with long stays to 
exhaust their savings down to the level of the capital limit for public support.

57.4  Reforms

The Coalition Government set up shortly after its election in spring 2010 a 
Commission on the Funding of Care and Support to produce new recommendations 
on the vexed issue of reforming the funding system. Its main recommendation was 
that there should be a lifetime cap of between £25,000 and £50,000 on the liability 
of service users to meet the costs of their care [4]. This would in effect be a form of 
social insurance subject to a large excess. The Government decided to implement a 
lifetime cap in April 2016 but at a higher level of £72,000. It subsequently decided, 
however, that because of the costs, implementation would be postponed to 2020.
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The Coalition Government published in November 2010 a Vision for Adult 
Social Care [5]. The vision was based on seven principles: prevention, personaliza-
tion, partnership, plurality, protection, productivity, and people. The vision for pre-
vention focuses on empowered people and strong communities working together to 
maintain independence and the state, where needed, supporting communities and 
helping people to retain and regain independence.

In July 2012, following a public engagement, the Government published a white 
paper Caring for Our Future with substantial proposals for reforming the system of 
care and support in England [6]. Among its priorities, it advocated “re-ablement 
services and crisis response to help people regain their independence at home after 
a crisis.” This white paper was followed by the publication of legislation which was 
enacted in the Care Act 2014. The Act gives local authority responsibility to pro-
mote well-being when carrying out any of their care and support functions. The Act 
covers a wide range of reforms including assessment and care planning, national 
minimum eligibility criteria, support for unpaid carers, funding reforms, market 
shaping, and information and advice. Most of the provisions of the Act came into 
force in April 2015, but implementation of the funding reforms has been postponed 
to 2020.

Local authorities have increasingly established re-ablement services, sometimes 
jointly with the NHS. These are short-term services, for a typical duration of 
6 weeks, and are generally not subject to user charges. The aim of these services, 
which may be provided on discharge from hospital, is to help the service user to 
regain confidence and skills to perform personal and domestic care tasks and to 
regain or retain their independence. Research suggests that re-ablement services can 
reduce need for longer-term support [7].

During the period October to December 2014, 44,000 older people in England 
were discharged from hospital to rehabilitation where the intention was for them to 
go back home. Eighty-two percent of these 44,000 older people were still living at 
home 91 days after hospital discharge [1, page 24].

 Conclusion

The majority of long-term care for older people in England is provided by 
unpaid carers and only a minority by formal services. Adult social services are 
the responsibility of local authorities, and health services are the responsibility 
of clinical commissioning groups with the NHS. While healthcare is funded 
from general taxation and provided almost entirely free at point of use, adult 
social care is subject to a means test of savings and incomes and is funded from 
a combination of central and local taxation and out-of-pocket payments by 
service users and their families. While health services are provided mainly by 
public sector providers, social services are provided mainly by independent 
sector providers. Considerable reforms to the system of care and support were 
implemented in April 2015 but reform to the funding system has been post-
poned to 2020.
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Key Points
• The majority of long-term care for older people in England is provided by 

unpaid carers and only a minority by formal services.
• While healthcare is funded from general taxation and is almost entirely 

free at point of use, social care is subject to a means test of savings and 
incomes and is funded from a combination of sources.

• While health services are provided mainly by public sector providers, 
social services are provided mainly by independent sector providers.

• Considerable reforms to the system of care and support were implemented in 
April 2015, but reform to the funding system has been postponed to 2020.
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