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Preface

Physical therapy, also known as physiotherapy, is a physical medicine and rehabilitation
specialization that, by using mechanical force and movements, remedies impairments and
promotes mobility, function, and quality of life through examination, diagnosis, prognosis,
and physical intervention. In addition to clinical practice, other activities encompassed by
the physical therapy profession include research, education, consultation, and administra-
tion. Physical therapy services may be provided alongside or in conjunction with other med-
ical services. They are performed by physical therapists (known as physiotherapists in many
countries) with the help of other medical professionals.

This book consists of 11 chapters written by professionals from all around the world. It in-
cludes manuscripts on scapular muscle activity, physical function for elderly people, and
important points for excise therapy with rhythmic movement. These manuscripts demon-
strate precious points for physical therapy.

Next, the book includes chapters on physical therapy for cancer, chronic venous disease,
and mental health, special physical therapy for back pain, therapeutic ultrasounds, and oth-
ers. This information should instruct global physical therapists and related experts.

I am very pleased to be the editor of this book, as all manuscripts are excellent and open up
new directions for physical therapists.

Professor Toshiaki Suzuki, DMSc
Graduate School of Kansai University of Health Sciences,
Osaka, Japan






Chapter 1

The Function of Scapular Muscle

Tomohito ljiri
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/67553

Abstract

In shoulder rehabilitation, it is important to evaluate scapular stability. However, it is not
revealed how the mechanism runs for scapular stability. Additionally, the contribution of
scapular muscles for scapular stability remains a matter of debate. Wherefore, I suggest
some studies in this section to understand the function of scapulothoracic joint and the
mechanism of scapular stability in detail. In the results of these studies, it was revealed
that each scapular muscle activation is different for shoulder isometric contraction, and
the exercise for a scapular muscle increases only the shoulder muscle strength of specific
movement direction. If we can consider each scapular muscle individually by utilizing
these results, we can provide more effective rehabilitation program.

Keywords: scapular muscle, muscle activity, scapular stability, shoulder disease, muscle
strength

1. Introduction

The shoulder complex is constituted with some joint. It is understood that glenohumeral joint
(GHJ) and scapulothoracic joint (ST]) are important for shoulder complex and they make up
a large fraction of shoulder movement. Especially, scapulothoracic joint has been focused
recently. It was reported that patients with shoulder disease show abnormal scapular move-
ment and scapular muscle activation during shoulder motion, so to normalize the scapular
movement, it is important to improve the symptom [1-3]. Clinically, the therapist usually pre-
scribes the scapular exercise to the patients. So, we will be able to provide the more effective
rehabilitation program if we understand more about the scapulothoracic joint. Some func-
tions of the scapula were reported in previous studies. These include contributing to the range
of shoulder motion synchronizing the motion of humerus, supporting the humerus, keeping
the muscle tension, maintaining the appropriate muscle length on glenohumeral joint, and

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN



2 Clinical Physical Therapy

getting off the impingement raising the glenoid fossa [4]. However, not only these, scapulo-
thoracic joint is also related to the “exertion of muscle power” on shoulder joint, so we have to
consider keeping rehabilitation in mind. However, there remain some ambiguities regarding
the function of scapular muscle. In previous studies, scapular muscles with high activation
during specific exercises for scapular muscles [5, 6] have been reported. And it was reported
that the combination of standard rehabilitation interventions and scapulothoracic joint con-
trol training exercises were effective treatments for the shoulder joint dysfunction [7, 8]. But
the change of shoulder muscle strength by only one scapular muscle exercise is not examined
in exact detail, not by a number of exercises. In other words, the evidence is not enough to
choose the best exercise from a number of exercises for each patient. Additionally, it is not
revealed how the mechanism runs for scapular stability. Wherefore, which exercise is the best
for the improvement of scapular movement for each patient remains a matter of research. And
so, I suggest some studies in this section to understand the function of scapulothoracic joint.
From this, I expect upgrading your ability about the clinical rehabilitation.

2. The study

2.1. The changes of muscle strength on shoulder joint after strengthening of serratus
anterior

The muscle weakness is usually involved in the rehabilitation of patients with shoulder
disease. So, we have to have the skill to improve this. The reason for muscle weakness
on shoulder joint is not only due to glenohumeral joint like the weakness on deltoid and
rotator cuff muscle but due to scapular instability with scapular muscle weakness. The
patient with scapular instability usually have “winging scapula.” The winging scapula
was also caused by long thoracic nerve paralysis and the patients with this have weakness
of shoulder muscle strengths. Serratus anterior innervated by long thoracic nerve is scapu-
lar protractor muscle and it plays a prominent role in scapular stability in consort with
trapezius. Clinically, the exercise for serratus anterior has an effect on improved strength
on shoulder joint. But the study which investigated how the change in the muscle strength
on shoulder joint by the strengthening for serratus anterior is modest in size. Wherefore,
I examined the changes of muscle strength on shoulder joint after the exercise for serratus
anterior.

2.1.1. Materials and methods

Thirty-six healthy young men who had no orthopedic and neurological abnormality partici-
pated in this study. The subjects were separated into two groups randomly, one was the train-
ing group where members were exercised for serratus anterior, and the other was the control
group where members did not exercise. The mean anthropometric characteristics + standard
deviation (SD) of the training group were age, 22.1 + 1.5 years; height, 172.2 + 6.5 cm; and
weight, 62.7 + 8.7 kg. Those of the control group were age, 21.6 + 1.5 years; height, 171.4 + 5.6
cm; and weight, 62.4 + 6.3 kg.
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First, the subjects in the training group and control group were measured for muscle strength.
Then, in the training group, they performed exercise every day for a week. The exercise was
established at the modified elbow pushup plus, which was known as the typical exercise for
serratus anterior. In control group, they spent without exercise. After 1 week, they were mea-
sured for the muscle strength in common for the first time.

The measurement of muscle strength was composed by the muscle strengths of scapular pro-
traction, shoulder flexion, abduction, external rotation, and internal rotation. The measure-
ment was done using handheld-dynamometer (MicroFET2, Hoggan Health Industries, Inc.,
USA). Regarding the muscle strength of shoulder flexion, abduction, external rotation, and
internal rotation, the measurement values (N) were multiplied by the lever arm length (m),
and the muscle strength was represented by torque values (Nm). The measurement position
of shoulder flexion and abduction was the same as manual muscle testing, and that of shoul-
der external and internal rotation was at 0° abduction. The measurement position of scapular
protraction was defined at supine and 90° shoulder flexion and 90° elbow flexion (Figure 1).
From this position, the subjects thrusted their upper limb vertically upwards. The measurer
measured the power by handheld - dynamometer on olecranon. The measurement of each
muscle strength was done three times and the average was adopted as the muscle strength
value.

The exercise was established at the modified elbow pushup plus (Figure 2). The pushup plus
indicated high serratus anterior activity by Decker et al. and Moseley et al. [9, 10]. The basic
position of this exercise was on elbow, and the femoral area was grounded. Then, the subjects
moved their scapula to maximum scapular retraction position like moving their body close to
the floor. And they moved their scapular to the maximum scapular protraction position like
getting their body away from the floor. Additionally, they returned to the maximum scapular
retraction position and this process was defined one time. The subjects in the training group
performed this exercise in three sets: one set was 20 times, each day for 1 week.

Each muscle strength for the first time was normalized as 100% and the muscle strengths after
1 week were computed as percentage. The muscle strengths between the first time and after 1
week were compared for each group using paired t-test.

2.1.2. Results

The result is shown in Table 1. Representative value is as follows. The muscle strength of
scapular protraction in the right side was 113 + 14%, shoulder flexion 106 + 9%, abduction 110
+10%, external rotation 104 + 8%, and internal rotation 112 + 12% in the training group. In the
control group, scapular protraction 99 + 4%, shoulder flexion 101 + 6%, abduction 100 + 5%,
external rotation 101 + 5%, and internal rotation 101 + 6%. The same tendency was indicated
in the left side on both groups.

In the training group, the muscle strengths of scapular protraction, shoulder flexion, shoulder
abduction, and internal rotation after 1 week were significantly higher than the first time on
both sides. The muscle strength of shoulder external rotation was not increased. On the other
hand, the muscle strength in the control group was not changed after 1 week.
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Figure 1. The measurement position of scapular protraction. The measurement position of scapular protraction was
defined at supine and 90° shoulder flexion and 90° elbow flexion. From this position, the subjects thrusted their upper
limb for vertical upward.

2.1.3. Discussion

In this study, the muscle strength of scapular protraction was higher after 1 week in the train-
ing group. So, the exercise was effective for serratus anterior. And it was indicated that the
exercise for serratus anterior can increase the shoulder muscle strength, but the direction is
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Figure 2. The modified elbow pushup plus. The basic position of this exercise was on elbow, and femoral area was
grounded. They moved their scapular to maximum scapular protraction position like getting their body away from the
floor.

not all limited. We have to gain consciousness of this fact. In the rehabilitation of shoulder dis-
ease patients, we usually assess the scapular position and scapular movement. If the therapist
infers that abnormal scapular position and movement encumber the normal motion, then we
will treat for the scapular abnormality. Additionally, the reason for the scapular abnormality
is assessed in the impairment of functional level. We assess the scapular muscle strength, like
manual muscle testing for scapula. In this assessment, even if the weakness of serratus ante-
rior is found, it is not always effective for the chief complaint motion. From this study, serratus
anterior must influence the motion which consists of shoulder flex, abduction, and internal
rotation, but does not influence the motion which does not consist of their movements. So,
we have to consider the task characteristically and calculate the weakness of serratus anterior

Right Left
Training group
Scapular protraction 113 +14* 112 £12%
Shoulder flexion 106 + 9* 107 £+ 9*
Shoulder abduction 110 + 10* 109 +11*
Shoulder external rotation 104+ 8 103 +8
Shoulder internal rotation 112 +12* 109 +11*
Control group
Scapular protraction 99+4 99+5
Shoulder flexion 101+6 101 +5
Shoulder abduction 1005 99 +4
Shoulder external rotation 101+5 1024
Shoulder internal rotation 101+6 100 +4
*p<0.01.

Table 1. The muscle strength after 1 week.
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for improved motion. As a matter of fact, the relationship between scapular stability and each
scapular muscle strength remains unclear, and the therapist often confuses oneself. Therapists
usually believe that one scapular muscle can contribute to scapular stability of all motion.
However, this is not true. As previously noticed, therapists need to consider the movement
direction of the task and make a decision about the muscle’s influence to the task. This deci-
sion is important.

The reason that the exercise for serratus anterior led to an increase in the muscle strength
of shoulder flexion, abduction, and internal rotation will relate to interlocking between
humerus and scapula. Shoulder joint is constituted with glenohumeral joint and scapu-
lothoracic joint and so on. Every shoulder motion involves scapular movement. Shoulder
flexion includes scapular upward rotation and posterior tilt, shoulder abduction includes
scapular upward rotation, and internal rotation includes scapular protraction (Figure 3).
The function of serratus anterior is scapular upward rotation, protraction, and posterior
tilt, so the scapular movements of shoulder flexion, abduction, and internal rotation, where
muscle strengths were increased in this study, agree with the functions of serratus anterior.
Wherefore, I conclude that the increasing of serratus anterior muscle strength conduced the
increasing of these shoulder muscle strengths. On the other hand, shoulder external rotation
includes scapular retraction, which does not agree with the function of serratus anterior.
Therefore, I suspect that the muscle strength of shoulder external rotation did not increase
in this study.

In this study, it is revealed that the muscle strength at scapulothoracic joint influences the
muscle strength at shoulder complex, but not all movement directions. The muscle strength
of the only shoulder movement direction having the scapular movement agrees with the
function of strengthened muscle which will be increased. From this reflection, if the scapular
retractor, like middle trapezius, was strengthened, the muscle strength of shoulder external

Flexion Abduction Internal rotation  external rotation

upward
rotation/
posterior
tilt

upward
rotation Bl i

retraction

Figure 3. Scapular movement of each shoulder motion. Shoulder flexion includes scapular upward rotation and posterior
tilt, shoulder abduction includes scapular upward rotation, and internal rotation includes scapular protraction. These
scapular movements agree in the functions of serratus anterior.
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rotation will be increased because external rotation at 0° abduction is associated with scapular
retraction.

2.2. The changes of muscle strength on shoulder joint after strengthening of scapular
retractor muscles

In a previous study, the muscle strengths of shoulder flexion, abduction, and internal rotation
were increased after exercise for serratus anterior. And it was thought that the reason for this
change must be related to the scapular movement during each motion. Contrary to previous
study, if the exercise for scapular retractor was done, the muscle strength of external rotation
will be increased. So, I examined the change of muscle strength on shoulder joint after exercise
for scapular retractor, mainly on the middle trapezius.

2.2.1. Materials and methods

Thirty healthy men participated in this study. These subjects were divided into two groups,
training group and control group, randomly. The mean anthropometric characteristics of 15
subjects in the training group were age, 23.3 + 2.8 years; height, 172.1 + 5.8 cm; and weight,
65.7 £ 8.5 kg. Those of the control group were age, 22.5 + 1.6 years; height, 170.7 + 5.3 cm; and
weight, 63.7 + 11.5 kg. There were no significant differences between two groups regarding
anthropometric characteristics.

The subjects in the training group and control group were measured for muscle strength on
the first day. Then, in the training group, they performed exercise every day for a week. The
exercise was scapular retraction exercise at 0° shoulder abduction. In the control group, they
spent without the exercise. After 1 week, they were measured for the muscle strength in com-
mon for the first time.

The muscle strengths on scapulothoracic retraction, shoulder flexion, abduction, external rota-
tion, and internal rotation were measured. The measurement of muscle strength on shoulder
flexion, abduction, external rotation, and internal rotation was the same as above-referenced
previous study. The measurement of muscle strength on scapular retraction was on prone.
The subject performed scapular retraction at 90° shoulder abduction and 90° elbow flexion
(Figure 4). At that time, the muscle strength was measured by resisting their movement at
the point of 3 cm inside from the axilla using handheld-dynamometer (MicroFET2, Hoggan
Health Industries, Inc., USA).

The exercise was scapular retraction at 0° shoulder abduction consulted from the report by
Andrews and Wilk [11] (Figure 5). The subjects performed scapular retraction with shoulder
internal rotation for preventing to strengthen external rotator muscles by external rotation
accompanied by scapular retraction. And they returned to neutral position. This process was
defined one time. The subjects in the training group performed this exercise in three sets: one
set was 20 times, each day for 1 week.

Each muscle strength for the first time was normalized as 100% and the muscle strengths after
1 week were computed as percentage. The muscle strengths between the first time and after 1
week were compared for each group using paired f-test.
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Figure 4. The measurement position of scapular retraction. The subject performed scapular retraction at 90° shoulder
abduction and 90° elbow flexion. At that time, the muscle strength was measured by resisting their movement at the
point of 3 cm inside from the axilla using handheld-dynamometer.

Figure 5. Scapular retraction exercise. The subjects performed scapular retraction with shoulder internal rotation for
preventing to strengthen external rotator muscles by external rotation accompanied by scapular retraction. And they
returned to neutral position.
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2.2.2. Results

The results are shown in Table 2. The muscle strength of scapular retraction in the right side was
106 + 8%, shoulder flexion 101 + 4%, abduction 103 + 6%, external rotation 105 + 6%, and inter-
nal rotation 103 + 7% in the training group. In the control group, scapular retraction 101 + 9%,
shoulder flexion 100 + 6%, abduction 101 + 5%, external rotation 101 + 5%, and internal rotation
100 + 6%. The same tendency was indicated in the left side on both groups.

In the training group, the muscle strengths of scapular retraction and shoulder external
rotation after 1 week were significantly higher than the first time on both sides. The muscle
strengths of shoulder flexion, abduction, and internal rotation were not increased. On the
other hand, the muscle strength in control group was not changed after 1 week.

2.2.3. Discussion

In this study, the exercise for middle trapezius led to an increase in the muscle strength
of scapular retraction and shoulder external rotation. From this result, the hypothesis was
proved to be correct. The reason regarding increasing the muscle strength of shoulder exter-
nal rotation will be the same as the previous study of exercise for serratus anterior. Shoulder
external rotation includes scapular retraction. The function of middle trapezius is scapular
retraction. This homology must be the reason about increasing the muscle strength of shoul-
der external rotation.

Considering these two studies, the muscle strength of serratus anterior must have a part of mus-
cle strength of shoulder flexion, abduction, and internal rotation, and that of middle trapezius

Right Left
Training group
Scapular retraction 106 + 8* 109 £ 12%
Shoulder flexion 101+4 101+6
Shoulder abduction 103+ 6 98+6
Shoulder external rotation 105 + 6* 106 + 5*
Shoulder internal rotation 103+7 1008
Control group
Scapular protraction 101+9 102 +9
Shoulder flexion 100+ 6 99+5
Shoulder abduction 101 +5 100+9
Shoulder external rotation 101+5 101+4
Shoulder internal rotation 100+ 6 99+4

*p <0.01.

Table 2. The results about the changing muscle strength.

9
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must have a part of shoulder external rotation. In fact, the muscle strength of shoulder complex
will combine the muscle strength of glenohumeral joint and scapulothoracic joint. Therefore,
muscle weakness occurred either on glenohumeral joint or on scapulothoracic joint, and the
muscle strength of shoulder complex will decrease (Figure 6). Winging scapula by long thoracic
nerve palsy decreases the shoulder muscle strength, and this case is an easy-to-follow typical
example. It is necessary to consider the function of not only glenohumeral joint but also scapu-
lothoracic joint during the measurement of muscle strength. And we have to make a hypothesis
about specific scapular muscle weakness when shoulder muscle strength is decreased.

2.3. The activities of scapular muscles during isometric contraction

I'indicated the characteristic about scapular muscle strengthening in the previous paragraphs.
From this, it was shown that scapular muscle strength relates with the muscle strength of
shoulder complex. During daily living and sports situation, there are many opportunities
requiring powerful force, for example, transfer the burden and have a frying pan. In contact
sports, they require continuing their performance resisting external force. In these cases, which
scapular muscle is important? I thought that it is necessary to investigate the scapular muscle
activity during shoulder isometric contraction to clear the question. From previous studies, to
have all scapular muscle activities during shoulder isometric contraction is hard to imagine
and I predicted the characteristic muscle-active pattern. Therefore, I investigated each scapular
muscle activity during isometric shoulder abduction, internal rotation, and external rotation.

2.3.1. Materials and methods

Seventeen healthy men participated in this study. The mean anthropometric characteristics
were age, 26.0 + 3.6 years; height, 172.9 + 4.3 cm; and weight, 65.8 +9.1 kg.

External load

Glenohumeral joint

Scapulothoracic joint

Figure 6. Muscle weakness on shoulder complex. Muscle weakness occurred either on glenohumeral joint or on scapulo-
thoracic joint.
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Muscle activity was measured during isometric shoulder abduction, internal rotation, and
external rotation in the sitting position. Surface electromyography (EMG; MQ-8, Kissei
Comtec, Japan) was used to collect raw EMG data during the task. EMG was reported
in 3 s and the signal was recorded at a sampling rate of 1000 Hz. The measurement posi-
tion of shoulder abduction was configured at shoulder 45° abduction and internal rotation
and external rotation were at shoulder 0° abduction (Figure 7). The external load was set
at three weights in order to evaluate the change with different loads using a handheld-
dynamometer (Mobie, SAKAI Medical Co., Japan). The external load during abduction
and internal rotation was set at 5, 10, and 15% of each subject’s body weight and external
rotation was set at 3, 5, and 10%. The target muscles at scapulothoracic joint of abduction
task were the serratus anterior, upper, and lower trapezius. Those of internal and exter-
nal rotation were serratus anterior and middle trapezius. The EMG electrode position was
set according to previous studies by Ekstrom et al. and Delagi and Perotto [12, 13]. The
integrated EMG (IEMG) was obtained for 3 s in the stable wave during each task and was
counted per second. The IEMG per second was normalized by the IEMG at each starting
position without an external load. Relative IEMGs were used for statistical comparison of
each load in the same muscle. The Friedman test was used to determine whether a load
condition had a statistically significant effect on relative IEMG for each muscle. Post hoc
analysis was then applied for specific comparisons among the three loads and determined
for individual effect differences.

2.3.2. Results

The results of raw waveform are shown in Figure 8. Typical raw wave was shown on internal
and external rotation. During isometric shoulder internal rotation, the muscle activity of ser-
ratus anterior was high and middle trapezius was slightly high. In an opposite way, during
isometric shoulder external rotation, the muscle activity of middle trapezius was high and
serratus anterior was slightly high. During isometric shoulder abduction, all muscle activities,
serratus anterior, upper trapezius, and lower trapezius, were high.

Abduction Internal rotation external rotation

Figure 7. Measurement position regarding shoulder isometric contraction. The measurement position of shoulder
abduction was configured at shoulder 45° abduction and internal rotation and external rotation were at shoulder 0°
abduction. The external load was set at three weights using a handheld-dynamometer.

"
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Figure 8. The results of raw waveform during isometric contraction. During isometric shoulder internal rotation, the
muscle activity of serratus anterior was high and middle trapezius was slight. In an opposite way, during isometric
shoulder external rotation, the muscle activity of middle trapezius was high and serratus anterior was slight. During
isometric shoulder abduction, all muscle activities, serratus anterior, upper trapezius, and lower trapezius were high.

Next, relative IEMG was focused (Table 3). The relative IEMGs of all muscles were signifi-
cantly increased at 15% compared to 5 and 10% during abduction and internal rotation. In a
similar way, the relative IEMGs of all muscles were significantly increased at 10% compared
to 3 and 5% during external rotation. Basically, all muscle activities increased with increasing
external load during all trials.

2.3.3. Discussion

From the result of internal and external rotation, it was shown that the amount of muscle activi-
ties was unequal during isometric contraction on all scapular muscles. Some muscles have high
activities, others have low. But the relative EMGs of all muscle were increased with increasing
external load, so these muscles which have low activities were also necessary during isometric
contraction. I inferred which muscle had high activity from this and previous studies. If the
muscle has the same function with the scapular movement being comprised within the shoul-
der motion, the muscle must have high activity. In particular, internal rotation includes scapular
protraction, which is the function of serratus anterior, and external rotation includes scapular
retraction, which is the function of middle trapezius. It is just the same as the result of the stud-
ies about strengthening scapular muscles. About isometric shoulder abduction task, serratus
anterior, upper trapezius, and lower trapezius have relation to scapular upward rotation, so all
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Serratus anterior Middle trapezius
5% 49124 1410300 —
10% 8.4 +4.300 1.8 + 0.600
# *
15% 12.8+7.300 J 2.7+1.300 J
*:p<0.05
Internal rotation
Middle trapezius Serratus anterior
3% 105£9.3 _ 1.8 + 0.800
5% 16.1+ 12.700 2.6+ 1.400
"| Es "| *
10% 29.6 % 23.400 J 4.7 +2.700 J
*:p<0.05
External rotation
Serratus anterior Upper trapezius Lower trapezius
5% 2607 B 2541000 — 2411500
10% 3.7+ 1500 4.0+ 2.400 45%3.100
'| * * *
15% 5.7 £ 2.600 J 6.8 1 3.400 J 7.6+ 5.500 J
*:p<0.05
Abduction

Table 3. The results of relative IEMG.
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muscles might have high activities. As can be seen, it suggested that not all scapular muscles
have high activity during isometric contraction and the changes in scapular muscle activity by
movement direction are analogous to the case of isotonic contraction. So, for example, when
we improve the ability of the endurance to the collision in athletes, we have to consider which
direction the force is added and predict which muscle is actively higher. When this is done, the
good rehabilitation program will be provided to the patients.

Additionally, considering the result of unequal scapular muscle activities, we can infer
the mechanism about scapula stability. Generically, the theory that the scapula was sta-
bilized by “fixation to thorax” has been heard. If something is to fix the scapula to the
thorax, the scapula needs to be pulled by the same tension from side to side and up and
down. Co-contraction with scapular muscle is needed. Scapula does not fix the thorax if
the only unilateral scapular muscle has high activity. So, from this study, the scapula is
stabilized not by the fixation to thorax, but by individualized scapular muscle activity to
counteract the external load. Individualized scapular muscle activity must contribute to
maintain the scapular position. In other words, these scapular muscles which have high
activities have the function of resisting external load as the agonist at glenohumeral joint.
These muscles may be called the agonist at scapulothoracic joint. Scapular muscles may
be classified the agonist and the antagonist like other joint muscles. From this study, it
is predicted that the agonist at scapulothoracic joint has the function of countering the
external load and the antagonist at scapulothoracic joint has the function of adjusting the
scapular position.

2.4. The changes of muscle activity on shoulder joint during maximum isometric
contraction by the difference of muscle-weakness region

As above, it was suggested that scapular muscle reacts individually and has the function of
counteracting the external load. In clinical situation, therapists usually evaluate the scapular
stability using the assessment of whether or not scapular downward rotation occurred dur-
ing shoulder abduction manual muscle testing. And therapists evaluate whether the muscle
strength of shoulder abduction is increased with manual fixation against scapular downward
rotation (Figure 9). From this assessment, therapists calculate the policy about scapular stabil-
ity. Considering previous studies, it is predicted that we can use this evaluation at all direc-
tions as shoulder abduction. And if the patients have the scapula instability, the scapula will
be swaying during the test. Wherein, I verified whether or not this phenomenon occurs in the
patients with shoulder disease. Additionally, I measured the scapular muscle activities using
electromyography during the muscle testing.

2.4.1. Materials and methods

Two patients with shoulder disease participated in this study. One had muscle weakness
mainly at glenohumeral joint (Patient A) and the other had muscle weakness mainly at scapulo-
thoracic joint (Patient B). Additionally, a healthy man without shoulder disease was measured
and compared to the patients (Subject C). Patient A was affected with dislocated shoulder and
dislocation was reduced. The muscle strength is shown in Figure 10. On manual muscle testing,
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Figure 9. Evaluation about the change of muscle strength by scapular manual fixation. Therapists evaluate whether the
muscle strength of shoulder abduction is increased with manual fixation against scapular downward rotation.

scapular protraction and protraction/downward rotation were indicated as level 4, but shoulder
external rotation and internal rotation were indicated as level 3. Patient A had muscle weakness
mainly at glenohumeral joint. Patient B was affected with humeral head fracture. The muscle
strength was that shoulder abduction and external rotation were indicated as level 3 and inter-
nal rotation was level 4, but scapular retraction/downward rotation and protraction/upward

Patient A Eatient B
Shoulder Mexion 5 4 Shoarlder Pexion 5 4
Shioulder abduction 5 4 Shoulder atsduction 5 3
Shoulder external rotation 5 3 Shoulder external rotation 5 3
Shoulder internal rotation 5 3 Shoulder internal rotation 5 4
Scapular elevatbon 5 5 Scapular elevation 5 4
Scaguilar retraction 5 4 Scapular retraction 5 3
Scapular retraction/ depression 4 4 Scapular retraction/ depression 5 2
Scapular protraction/upward 5 a Scapular u‘ralrat..iinn,."upwarﬂ 5 2

ratation rotation

Figure 10. Muscle strength of two patients. Patient A had the muscle weakness at glenohumeral joint and Patient B had
the weakness at scapulothoracic joint.
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rotation were level 2. Patient B had the muscle weakness mainly at scapulothoracic joint. Two
patients had no pain and had comfortable range of motion to measurement. The measurement
task was set as three kinds of maximum isometric contraction: shoulder flexion at 90° shoulder
flexion, shoulder internal rotation at 0° shoulder abduction, and shoulder external rotation at 0°
shoulder abduction. The subjects were measured for the muscle activities and scapular move-
ment during three tasks with external load to break their position slightly. The muscles that
were predicted to have high activities during these tasks consulted from previous studies were
measured. I assessed the change in the muscle activities when the external load was given.

2.4.2. Results

The result in Subject C, which was healthy man, was shown first. Please look at the raw wave
(Figure 11). On shoulder flexion, not only just anterior deltoid but also serratus anterior,
upper trapezius, middle trapezius, and lower trapezius had high activities that corresponded
with the external load. In a way like that, infraspinatus, middle trapezius, and lower trapezius
had high activities on external rotation, and pectoralis major and serratus anterior on internal
rotation. In other words, the high muscle activities appeared not only at glenohumeral joint
but also at scapulothoracic joint by external force.

Next, the result in Patient A, which had the muscle weakness at glenohumeral joint, was shown.
On shoulder flexion, the muscle activity of anterior deltoid was increased. But serratus anterior,
upper trapezius, middle trapezius, and lower trapezius were not increased like anterior deltoid.

Patient A Patient B Subject C

Serratus antenior

FIEK ion Upper trapezias

Milcbe trapszius

Lower rapeeius

Infraspinatus
External Upper trapezius

rota tiﬂ“ Middle trapezius

Lower trapezius

Internal Pectoralis major

rotation Serratus anterior

Figure 11. Raw wave in each subject. The result in Patient A was that the muscle activity at glenohumeral joint was high
corresponding to the external load but that at scapulothoracic joint was modest in size. In Patient B and Subject C, muscle
activities at glenohumeral joint and scapulothoracic joint were increased together.
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On external rotation, the muscle activity of infraspinatus was increased in a measure, but those
of upper trapezius, middle trapezius, and lower trapezius which were increased in Subject C
were not changed. On internal rotation, the muscle activity of pectoralis major was increased by
external load and serratus anterior had little change. When taken together, the result was that
the muscle activity at glenohumeral joint was high corresponding to the external load but that
at scapulothoracic joint was modest in size. From the movie, which was filmed for the scapular
stability at the same time, the scapular swaying did not appear by external load.

Lastly, the result in Patient B, which had weakness at scapulothoracic joint, was shown. On
shoulder flexion, the muscle activities of anterior deltoid, upper trapezius, middle trapezius,
and lower trapezius were increased by external load. On external rotation, not only infraspi-
natus but also upper trapezius, middle trapezius, and lower trapezius had high activities. On
internal rotation, pectoralis major and serratus anterior had high activities. On the whole,
muscle activities at glenohumeral joint and scapulothoracic joint were increased together like
Subject C. And the movies showed that the scapular movement occurred by external load, the
task of flexion; scapular downward rotation, external rotation; scapular protraction, internal
rotation; scapular retraction.

2.4.3. Discussion

As can be seen, there were different results between Patient A and Patient B. Now, let us
think about these results with the inclusion of previous studies. First, I had indicated that
the muscle weakness at scapulothoracic joint causes the muscle weakness on whole shoul-
der joint. In Patient B, because he had the scapular muscle weakness and the scapular move-
ment occurred by external load, the reason for the whole shoulder muscle weakness will
be the weakness at scapulothoracic joint. By the electromyographic wave, scapular muscles
had high activities and it is predicted that their activities appeared to resist the external
force. So, it is thought that the external force to upper limb reached scapulothoracic joint
through glenohumeral joint because the muscle strength at glenohumeral joint was main-
tained for some level, and the scapular muscles had the activities to resist the external force.
But the upper limb was moved causing scapular movement because the muscle strength at
scapulothoracic joint was not enough (Figure 6). The reason is the weakness at scapulotho-
racic joint.

On the other hand, in Patient A, it is predicted that the external load did not reach scapulotho-
racic joint because he had muscle weakness at glenohumeral joint and humerus was moved
by external load. So, scapular muscles did not have activities and scapular sway might not
appear. The important factor is that the load did not reach scapulothoracic joint.

From this, we will be able to calculate which joints have weakness for improvement by observ-
ing the scapular movement during muscle testing with every movement direction not only
abduction (Figure 12). And it is important that this scapular movement during muscle testing is
anticipated movement direction. If the scapular movement appears seriously, we have to pro-
vide the exercise for scapular muscle. We can evaluate the responsible region by understanding
which muscle should have high activities and analyzing the motion to see the swaying region.
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Figure 12. Evaluation regarding scapular movement during muscle testing. We will be able to calculate which joints have
weakness for improvement by observing the scapular movement during muscle testing with every movement direction.
For example, during muscle testing of external rotation, if scapular protraction appears serious, the responsible region
of shoulder muscle weakness will be at scapulothoracic joint.

2.5. The study about the order of activity in scapular muscles

In previous studies, I have shown that there is high activity of scapular muscle and little activ-
ity of scapular muscle during shoulder isometric contraction, and these muscles are changed
by movement direction. And the muscle strength of scapular muscle influences the muscle
strength of whole shoulder joint. From these facts, I have described that we will classify the
scapular muscles into the agonist and the antagonist, and the agonist at scapulothoracic joint
will have the function of resisting the external load. I thought that if the agonist at scapulo-
thoracic joint has the function of resisting the external load like the agonist at glenohumeral
joint, the time of starting the muscle activity of the agonist at scapulothoracic joint will be the
same as the agonist at glenohumeral joint. In other words, I thought that the hypothesis about
the classification of scapular muscles will be able to be verified by examination in the timing
of scapular muscle activity during shoulder motion. However, as the muscle activity of trans-
versus abdominis muscle starts before the motion of upper limb, therapists sometimes regard
that scapular stability by scapular muscle activity is established before humeral motion. In
this case, scapular muscle activity must start before the muscle activity at glenohumeral joint.
Which pattern appeared? So, I examined the order of muscle activities during shoulder motion.
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2.5.1. Materials and methods

Seventeen healthy men participated in this study. The mean anthropometric characteristics
of 15 subjects were age, 25.5 + 2.2 years; height, 169.4 + 5.6 cm; and weight, 62.8 + 7.8 kg. The
trials were isometric works against external load in shoulder internal and external rotation
at 0° shoulder abduction. And two conditions were set that was and was not informed of the
timing of obtaining external load. Then, we measured the time to start activities in the agonist
at GHJ and the agonist and antagonist at STJ in these trials.

The subjects were measured in sitting position. A cord of 1.5-kg plumb bob was tightly fas-
tened at the end to the subject's end of the forearm. The cord was set on the level run on the
same height-adjusted device. The internal and external rotation directional external load was
given to the subject by dropping the plumb bob using trochlear fundamental (Figure 13).
Electrical switch was set to the subject's forearm and the starting movement was measured
by this switch. To measure the muscle activities during the task, electrodes of electromyogra-
phy were applied to pectoralis major, infraspinatus, serratus anterior, and middle trapezius.
The task was tried in two conditions: one was to inform the timing of obtaining external load

Figure 13. The method of the measurement. A cord of 1.5-kg plumb bob was tightly fastened on the end to the subject's
end of the forearm. The cord was set on the level run on the same height-adjusted device. The internal and external
rotation directional external load was given to the subject by dropping the plumb bob using trochlear fundamental.
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(informational task) and the other was uninformed (non-informational task). The order of the
tasks was random.

I calculated the time from starting the motion to starting each muscle activities. Starting the
motion was judged by the electrical switch. The definition of starting muscle activity was
decided by the time point that recorded amplitude over twice of maximum amplitude in 500 ms
before the task. And I classified the measured muscle into the agonist at glenohumeral joint, the
agonist at scapulothoracic joint, and the antagonist at scapulothoracic joint on each movement
direction (Figure 14). First, in shoulder internal rotation at 0° shoulder abduction, the agonist at
glenohumeral joint was the pectoralis major. The agonist at scapulothoracic joint was set as the
serratus anterior because scapular protraction is by shoulder internal rotation. The antagonist at
scapulothoracic joint was defined as the middle trapezius because it has the opposite function
of the serratus anterior. The agonist at glenohumeral joint for the external rotation task at 0°
shoulder abduction was set as infraspinatus. The middle trapezius was defined as the agonists
at scapulothoracic joint because scapular retraction is achieved by external rotation. Serratus
anterior was defined as the antagonist at scapulothoracic joint.

The reaction times were compared between the agonist at glenohumeral joint, the agonist
at scapulothoracic joint, and the antagonist at scapulothoracic joint in each trial. From this, I
examined the order of muscle activities.

2.5.2. Results

The result is shown in Figure 15 in internal rotation task. Both informational task and non-
informational task, the reaction time on serratus anterior which was defined as the agonist
at scapulothoracic joint was the same as pectoralis major which was defined as the agonist
at glenohumeral joint. However, the reaction time on middle trapezius which was set to the
antagonist at scapulothoracic joint was late than on these two muscles significantly.

The result in external rotation was as follows. Both informational task and non-informational
task, the reaction time on middle trapezius which was the agonist at scapulothoracicjoint was
not different from that on infraspinatus which was the agonist at glenohumeral joint. But the
reaction time on serratus anterior which was defined as the antagonist at scapulothoracic joint
was late than on these two muscles significantly.

In all, similar results were obtained.

Agonist at Agonist at Antagonist at

glenochumeral joint  scapulothoracicjoint  scapulothoracic joint

Internal rotation Pectoralis major Serratus anterior Middle trapezius

External rotation Infraspinatus Middle trapezius Serratus anterior

Figure 14. Classification about the agonist and the antagonist. I classified the measured muscle into the agonist at
glenohumeral joint, the agonist at scapulothoracic joint, and the antagonist at scapulothoracic joint on each movement
direction by scapular movement during the shoulder motion.
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Figure 15. The reaction time of each muscle. The reaction time of the agonist at scapulothoracic joint was the same as
that of the agonist at glenohumeral joint. However, the reaction time of the antagonist at scapulothoracic joint was
significantly delayed than that of these two muscles.

2.5.3. Discussion

In all trials, the reaction time of the agonist at scapulothoracic joint was the same as that of the
agonist at glenohumeral joint. However, the reaction time of the antagonist at scapulothoracic
joint was significantly delayed than that of these two muscles.

The study about the relationship between agonist and antagonist was tested a lot for other
joints. It is common knowledge that the training for agonist leads to bigger torque at the joint
and be able to maintain the joint against stronger external load. On the other hand, regard-
ing antagonist, the muscle activity was examined at the knee, elbow, and glenohumeral joint
and the slight muscle activity comes in during isometric, isotonic, and isokinetic contraction
[14-16]. And it was known that the muscle activity of antagonist increases on unstable condi-
tion at the lower leg. From these facts, it is known that the antagonist has the function about
the control of the joint movement caused by agonist and the contribution to the joint stability
by co-contraction with agonist [17, 18]. Additionally, Hase et al. reported the result of the
measurement about muscle activity at wrist joint during catching of a falling ball dropped on
the palm [19]. The maximal muscle activity of the antagonist appeared after that of the agonist
slightly and the antagonist had persistent muscle activity before catching. It was concluded
that the antagonist will work for the fixation of the joint. Compared to my studies with the
previous studies about antagonist on other joints, it was founded that these are some similar
points. In my previous studies, the exercise for the agonist at scapulothoracic joint led to an
increase in the muscle strength of whole shoulder joint. And the study about the measurement
of muscle activities during isometric contraction showed that the antagonist at scapulotho-
racic joint had slight muscle activity. These results are the same as the other joint studies.
Additionally, in this study, the reaction time of the antagonist at scapulothoracic joint was
significantly delayed than that of the agonist at glenohumeral joint and scapulothoracic joint.
This result has similarity in part as the previous study of wrist joint. By the way, although I did
not indicate this report, the same result, the reaction time of the antagonist at scapulothoracic
joint was significantly delayed than that of the agonist at glenohumeral joint and scapulotho-
racic joint, was demonstrated in my study of the task about starting the movement for oneself.
As just described, the studies about scapular muscles indicate very similar result to the studies
regarding agonist and antagonist at other joints, so we must be able to consider the scapular
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muscles using the classification as agonist and antagonist. It is conceivable that the agonist at
scapulothoracic joint has the function of resisting the external load and the antagonist works
for controlling the scapular position.

3. Summary

I had shown some studies about scapular muscles. Summarizing from all studies, we have to
discuss the next content during clinical rehabilitation.

First, we do not integrate scapular muscles when thinking about scapular stability. For exam-
ple, there is the athlete who has poor upper limb ability for endurance to contact by other
athlete during sports situation and he/she has scapular instability on these occasions. In this
case, we will give him/her the exercise for scapular muscles. However, when the exercise is
considered, we have to discuss which muscle especially needs to be strengthened, not gather
scapular muscle together. I mean it is important to calculate which direction the external load
is absorbed, which direction the athlete have to exert muscle force, and which muscle has
the highest muscle activity. The ability for endurance to contact by other athlete must be
advanced effectively by strengthening the muscle intensively. We have to consider the impair-
ment using mechanics about scapulothoracic joint.

Next, it is also important that we examine the responsible joint, glenohumeral joint or scapu-
lothoracic joint carefully in every direction when a patient has shoulder muscle weakness.
Therapists usually judge this in shoulder flexion and abduction, but we must try in shoulder
internal rotation, external rotation, horizontal abduction, and horizontal adduction. The tech-
nique of judgment is to observe scapular instability during shoulder muscle testing. Let us
check for sure during muscle testing.

Lastly, we have to understand that it is not true that the subject exerts muscle power at gleno-
humeral joint after scapular stability. The power on shoulder joint is exhibited by working har-
moniously with glenohumeral joint and scapulothoracic joint at once. This is very important
to think about scapular stability. It is whether scapula stabilizes for external load and weight
of the arm. The rehabilitation order that first the scapular position is adjusted and second gle-
nohumeral joint is exercised is not pertinence. Furthermore, in turn, we have to examine the
affect for the motion by assessment to glenohumeral joint and scapulothoracic joint at once.

Taking these points into consideration, it should be clear how the scapular is concerned with
the motion. From this, the policy will be definitude and we can provide more effective reha-
bilitation program. Please make good use for clinical reasoning.
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Abstract

In elderly people with mobility limitations, abnormalities in posture and gait contrib-
ute to the greater decline of physical motor function. The aim of the review article was
to determine the comprehensive physical motor function assessment. Muscle function
was assessed with the grip strength. Gait function was assessed with walking time tests
conducted at a normal pace. Balance function was assessed with one-legged standing
time. The 6-min walking distance test (6MD) was performed in a 10-m, straight corridor.
Walking efficiency during the 6MD trials was measured using the Cosmed K4b2 (Rome,
Italy), an indirect calorimetry system specifically designed to measure energy expendi-
ture in nonlaboratory settings. The center of pressure was recorded using a balance board
(Wii; Nintendo Co., Ltd., Kyoto, Japan). A vibratory stimulus was applied alternately
to two muscles by fixing two vibrators from the vibration device onto the participant’s
gastrocnemius and lumbar multifidus muscle. These findings show that an assessment
affecting postural control under proprioceptive stimulation might be a good indicator of
elderly people. Also, the objective assessment of walking efficiency might be important
for identifying the risk of external activity limitation or functional limitations among the
late elderly.

Keywords: elderly people, physical function assessment, walking efficiency,
proprioceptive system

1. Introduction

The ability to walk safely and postural control stabilization are vital for elderly people to
decrease their risk of falling and to maintain their independence. A function of walking that
accompanies aging is a higher energy cost of movement, often referred to as alower economy

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN



26 Clinical Physical Therapy

of walking [1, 2]. In addition, a defect or slowing of this mechanism has been suggested to
explain the difficulties experienced by older persons when trying to control their posture
[3, 4]. Moreover, both muscle strength and lower postural stability decline with aging [5, 6].
Therefore, aging is characterized by changes in the neuromuscular system that decreases
muscle strength, balance, and proprioception.

Meanwhile, this progressive decline in physical capacities reduces the ability of elderly peo-
ple to perform complex motor tasks and is associated with impaired mobility and a reduction
in the ability [7]. Assessment of motor function contributes to the identification of factors that
generate impairments to the performance of daily activities and an increase in the risk of falls
for elderly people. Moreover, assessment of motor function by physical therapist provides
important information about age-related progressive reduction in muscle strength, ability to
walk, and postural control.

This chapter provides an overview of the assessment method on motor function in elderly
people.

2. The relationship between walking efficiency and life-space assessment
in elderly people

2.1. Life-space assessment

The increased metabolic cost of walking can detract from the activity and quality of
life of elderly people as a decline in physical activity rapidly degrades physical and
psychological functions [8, 9]. Life space has been reported to have good construct and
criterion validity for measuring the severity of mobility limitations, and achieving effi-
cient walking plays a crucial role in the extension of life space. Life-space assessment
(LSA) is a tool that measures mobility and reflects participation in society based on
the distance through which a person reports moving during the 4 weeks prior to the
assessment [10, 11]. Life space, a relatively understudied concept in gerontology, can
be defined as the size of the spatial area a person intentionally moves through in daily
life, as well as the frequency of travel within a specific time frame [10]. Also, a reduced
frequency of going outdoors could represent reduced life space, which has been hypoth-
esized to be a risk factor in future physical disability. Murata et al. reported that life space
was related not only to age or health status but also to environmental or psychosocial
factors [12]. Shimada et al.'s reports confirm that LSA was more strongly associated with
gait speed than the other gait variables [13] and also show that these declines in physical
performances were apparent at age 80 years and over in women and at age 90 years and
over in men [13].

LSA may reflect the physical activity status indirectly in elderly people because the LSA score
is associated with physical performance, Activities of Daily Living (ADL), and sociodemo-
graphic factors [11].
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Life-space mobility was measured using a Japanese translation of the LSA [14]. The LSA
provided a score based on the distance a person reported moving during the 4 weeks before
the assessment [10, 13].

The LSA scores range from 0 (“completely room-bound”) to 120 (“travel out of town every
day without assistance”) [13].

2.2. Walking efficiency in elderly people

It may be that the decline in walking efficiency is a common result of the decrease of many
bodily functions that capture the overall impact of life space and is an important indica-
tor of life space. However, the mechanism by which older people’s life space and walking
efficiency decline is not well investigated and remains poorly understood. Also, the specific
mechanisms that explain the difference between the decline in walking efficiency and life
space in early elderly and late elderly are not yet clear. Additionally, little is known about
the relationship between the walking efficiency decline and confined life space to influence
on aging.

In older adults with mobility limitations, abnormalities in posture and gait contribute to the
greater energy cost of inefficient gait, with adjustments for age and gait speed [15]. Limitations
in life space, as measured by the University of Alabama at Birmingham (UAB) life-space
assessment, reflect lifestyle as well as walking efficiency and may be a valuable measure of
functional decrease for community-dwelling elderly people, especially since life space specifi-
cally relates to mobility and a person’s participation in society.

2.2.1. Walking efficiency assessment

Walking efficiency during the 6MD trials was measured using the Cosmed K4b2 (Rome,
Italy), an indirect calorimetry system specifically designed to measure energy expenditure in
nonlaboratory settings (Figure 1).

In brief, it uses a breath-by-breath measurement of gas exchange through a rubberized
facemask and a turbine for gas collection, secured by a head harness. A flexible facemask
that the participants keep in place by a head harness covers the participants” mouth
and nose. Flexible facemask is attached to a digital turbine flowmeter to measure the
volume of expired air and inspired. Sampling line from the turbine to analyzer unit
system delivers expired air for the measurement (O,, CO, content). Before test, the K4b2
was calibrated according to the manufacturer’s guidelines. After warming up the unit for
60 min, the CO, and O, analyzers were calibrated against room air as well as a reference
gas of known composition (4.94% CO,, 16.07% O,). Before walking efficiency assess-
ment, each participant was required to sit quietly for 10 min as a rest period. The speed
and distance of the 6-min walking distance test (6MD) was recorded using standardized
procedures.
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Figure 1. Expiration gas analyser.

Walking efficiency was calculated based on net efficiency as follows: Walking efficiency = (walking
VO, ml/kg - resting VO, ml/kg)/6MD average walking speed (m/s) (Figure 2) [16]. The Cosmed
K4b2 system uses the increased VO,/kg ratio after noise processing to predict walking effi-
ciency from O, consumption.

Breath-by-breath values from the Excel spreadsheet were calculated from the increased ratio
over 1l-breath intervals. Outliers from the increased ratio were calculated from exploratory
data analysis of participants. We defined outliers (noise) as values beyond an increased
ratio of 100%. Data that were more than 100% of the increased ratio were removed, and a
below-100% value was calculated from the remaining test data. This method contributes to
noise processing of the VO, /kg signal. For each subject, walking efficiency was calculated by
recording the noise-processed VO, /kg values.

2.3. Relationship between walking efficiency and life-space assessment

Ito et al. reported the significant relationship between walking efficiency and LSA in late
elderly [16]. Moreover, the data from this study suggest that as walking efficiency declines
with age, life space increasingly declines (Figure 3). This suggests that the age-related
decline of walking efficiency is caused by physiological changes of the late elderly. Other
studies have suggested that as aerobic capacity declines with age, walking at a habitual
speed becomes an increasingly more intense and therefore difficult activity, resulting in a
slowing of walking speed in an effort to reduce fatigue [17]. Also, the previous study has
shown that the walking energy cost for a comparable speed is generally higher for healthy
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Figure 2. Walking efficiency = (walking VO, ml/kg - resting VO, ml/kg)/6MD average walking speed (m/s). Horizontal
axis of blue shows the meaning of 10 min of the rest period and 6-min walking trial. Vertical axis of red shows the
meaning of last 3 min of the 6-min walking trial. Following the transfer of data from the instrument, an Excel spreadsheet
was used to calculate steady-state VO,/kg and mean counts per minute during the last 3 min of the 6MD trial and 10 min
of the rest period.
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Figure 3. Schematic diagram of the incidence of walking efficiency decline in late elderly people.
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elderly people, particularly those above 65 years, compared with younger people [18, 19].
Mechanisms related to the initiation and stepping patterns of gait, such as hip extension,
step width, and cadence, have previously been reported to be related to the energy cost of
walking in older adults with slow and variable gait [15]. Abe et al. reported that women of
advanced age (75 years or older) have diminished pulmonary function, physical function,
and mobility, and that diminished pulmonary function is associated with declining physical
function [20]. Malatesta et al. reported that healthy octogenarians exhibited higher walking
cost and greater stride time variability [21] and also reported that these declines in physi-
cal performances were apparent at age 80 years and over in women and at age 90 years and
over in men [13]. Shimada reported that increased VO, in older adults manifests as walking
becomes inefficient and reduced endurance capacity occurs [22].

This suggests that going activity to extension of LSA may better impact walking efficiency
than efforts to improve gait speed and muscle strength.

3. Physical function assessments in elderly people

3.1. Performance assessment

The assessment measures are taken by well-trained staff who had nursing, physiotherapy,
occupational therapy, or similar qualifications.

3.1.1. Grip strength assessment

Muscle function is assessed by the grip strength (GS) (Figure 4). GS is measured in kilograms
in the participant’s dominant hand using a Smedley-type handheld dynamometer (GRIP-D;
Takei Ltd, Niigata, Japan).

3.1.2. Five-meter walk test

Five-meter walk test is assessed with walking conducted at a normal pace (usual walking
speed; UWS). Two marks are used to indicate the path (start and end) of a 5-m walk path
space. UWS is measured using a stopwatch system. Examiner tells the subjects to walk on a
straight and flat surface at UWS. Moreover, examiner tells the subjects to maintain gait past
the end of the walk path for a further 2.5 m.

3.1.3. One-legged standing time test

Balance function is assessed with one-legged standing time (Figure 5). One-legged standing
time is used to measure how long a subject remains standing on one leg (eyes open). Subjects
are allowed to decide which leg to use as support leg. Next, examiner tells the subjects to lift
the converse foot from flat floor. Moreover, examiner tells the subjects to confirm sure not to
press the lifted leg against support leg. The test ended when lifted leg touched the support
leg, the lifted leg touched the floor, or after 60 s of successful balance.
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Figure 4. Grip strength assessment.

Figure 5. One-legged standing time test.

3.1.4. The 6-min walking distance test

6MD is performed in a 10-m, straight corridor. In the 6MD, participants are instructed to
walk as quickly as possible to cover the longest distance possible within 6 min. This test
measures the distance that a participant could quickly walk on a flat, hard surface in a period
of 6 min.
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3.1.5. Appendicular skeletal muscle mass assessment

In the elderly, muscle weakness is associated with the muscle atrophy aging (sarcopenia) pro-
gressive loss. Skeletal muscle mass loss may also have the potential to impact quality of life
and ultimately the need for long-term care in elderly people [23]. Several studies developed
equations for estimating skeletal muscle mass [24-26].

3.1.6. Prediction models

Sanada K, et al., 2010: Prediction models of sarcopenia [24]

Men: appendicular skeletal muscle mass=0.326 x body mass index (BMI) — 0.047 x waist cir-
cumference - 0.011 x Age +5.135 (R*=0.68).

Women: appendicular skeletal muscle mass = 0.156 x BMI +0.044 x hand grip strength —0.010 x
waist circumference +2.747 (R*>=0.57).

Yoshida D, et al., 2014: Bioelectrical impedance analysis [25]

Men: appendicular skeletal muscle mass=0.197 x (impedance index) +0.179 x (weight) 0.019
(R*=0.87).

Women: appendicular skeletal muscle mass=0.221 x (impedance index) +0.117 x (weight) +
0.881 (R*=0.89).

Ito T, et al., 2016: Simple estimation of appendicular muscle mass [26]

Appendicular skeletal muscle mass=5.051 x (gender: men=1, women =0)+0.364 x (BMI)
+0.168 x (maximum calf circumference) - 0.815 (R*>=0.80).

3.2. Reduced physical activity

Past studies have provided the first evidence that slightly constricted life space may serve
as an important marker and/or risk factor for the development of frailty, whereas severely
constricted life space may indicate a high risk of mortality [27]. Webber et al. reported how
mobility impairments can lead to limitations in accessing different life spaces and stressed the
associations among determinants that influence mobility [28]. Previous study reported falls
and reduced life space closely related to physical performance [29, 30].

4. Assessment of relative proprioceptive weighting ratio in elderly people
with lumbar spondylosis

4.1. Sensory proprioceptive inputs in postural control

In daily life, an upright postural control task is essential for the activities of elderly people.
After processing of the sensory inputs, individuals must integrate the respective contribu-
tions of the various sources of sensory information for regulating posture. Hay et al. reported
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that older persons have difficulties in taking advantage of sensory redundancy in postural
control [31]. In addition, a defect or slowing of this mechanism has been suggested to explain
the difficulties experienced by older persons when trying to control their posture [32, 33].
Proprioceptive input from the muscles of the legs and trunk plays an important role in main-
taining postural stability [34]. Previous studies have reported that proprioception and vibra-
tion sensation in the lower limbs decrease during normal aging [3, 4] and also reported that
postural instability has been observed in elderly people [35]. Therefore, a vibratory stimulus
that matches the response frequency of the receptors present in skeletal muscle may influence
body sway (Figure 6).

Previous studies have reported that patients with recurrent low back pain (LBP) have impaired
motor control [36] and altered lumbosacral proprioceptive acuity [37, 38]. LBP is a widespread
pathological condition that is often related to impaired or degenerated trunk mobility, which
becomes evident during common activities [39, 40]. Taimela et al. reported that lumbar muscle
fatigue impaired lumbar positional sense in both patients with LBP and healthy subjects [41].
These impairments lead to pain and declines in postural strategy, muscle function, and pro-
prioception [42, 43].

Y
Central nervous system p|:Baraspinatimiseles |

.
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Musculoskeletal system
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Figure 6. The representative receptor and response frequencies are 30 Hz in Meissner’s corpuscles, 60 Hz in muscle
spindles, and 240 Hz in Vater-Pacini corpuscles.
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Muscle vibration, known to be a strong stimulus for muscle spindles and Vater-Pacini corpus-
cles, has been used to assess the role of proprioception [44, 45]. Both of these studies suggest
that pain is a possible cause of decreased variability in postural strategy. These impairments
lead to pain and declines in postural strategy, muscle function, and proprioception.

4.2. Assessment of relative proprioceptive weighting ratio

The center of pressure (COP) was recorded using a balance board (Wii; Nintendo Co., Ltd.,
Kyoto, Japan) (Figure 7) [46-48]. A vibratory stimulus is applied alternately to each muscle by
fixing vibrators from the vibration device onto the subjects’” lumbar multifidus (LM) muscle
and gastrocnemius (GS). The device consists of an amplifier, laptop computer, and four vibra-
tors (Figure 8). This mechanical vibration test has been used to analyze the role of propriocep-
tion in the postural control strategy [49-53].

The subjects stood barefoot on the Wii Balance Board with their feet together and their eyes
closed. They were instructed to remain still and relax in the standing posture with their arms
hanging loosely at their sides (Figure 9).

To provide information regarding relative proprioceptive sensation dominance, the relative
proprioceptive weighting (RPW) ratio was calculated using following computation expression.

RPW = (Abs GS)/(Abs LM + Abs GS) x 100[%]

RPW of near to 0 conform to 100 [%] dependence on trunk strategy, whereas RPW of near to
100 conform to 100 [%] dependence on lower limb strategy [54-56].

Figure 7. Recently, the Wii Balance Board has been much used in the field of medical research, and it has been reported
that results from the Wii Balance Board correlate closely with those of commercially available force plates.
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Amplifier

Vibrator

Figure 8. Photograph and block diagram of variable-frequency vibratory stimulation device.

Figure 9. Experimental setup: paraspinal muscles and gastrocnemius muscles in vibration trial.

4.3. Proprioceptive input decline from the muscles of the legs or trunk

Recent studies in which a vibratory stimulation of 60 Hz was used have suggested that peo-
ple with LBP adopt a lower leg-derived postural control strategy [57]. A possible explanation
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is that these participants were exploiting this strategy to its maximum effect during vibra-
tory stimulation of 60 Hz. Also, according to other study, the impairment of back muscle
strength leads to the motor function and sensory deficit that affects balance performance
[58]. Moreover, according to another study, the lower leg’s response to balance control under
30 Hz proprioceptive stimulation might be a good indicator of declining gait function [59].

These differences may result from differences between the measurement conditions and
physical status of the participants.

5. Conclusions

Comprehensive physical function assessment has been proved useful for understanding
the ability of elderly people. Walking efficiency is closely correlated with life space, and
it can be used for comparing physical function. Performance assessment, such as the grip
strength, skeletal muscle mass, and postural control stabilization, may help slow the events
that ultimately can lead to motor function disorder and disability. This chapter suggests that
comprehensive physical function assessment is a useful method to evaluate the physical
function and therefore aids rehabilitation programs.
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Abstract

The mobility of the lumbar spine (anteversion and retroversion) may be reflected in seated
pelvic mobility. When sitting with the soles of the feet in contact with the floor, friction
may restrict the flexion of the knees and, consequently, the pelvic anteversion. In general,
joint mobility declines with advancing age. Lumbar spine mobility in anteversion and
retroversion also decreases with advancing age. The first half of this chapter is based on a
study that investigated the relationship between age and the maximum pelvic anteversion
and the retroversion angles in healthy volunteers. The measurements were performed
with the subject in a sitting position with free knee movement. On the other hand, the sit-
to-stand movement is one of the most mechanically demanding tasks undertaken during
daily activity. The sacral sitting posture, which is a characteristic posture of stroke patients,
is not ideal for smoothly executing the sit-to-stand movement. Stroke patients may adopt
this posture due to the need to increase sitting stability. The second half of this chapter
discusses a study that investigated the relationship between the pelvic anteversion and
retroversion angles and the ability of stroke patients to perform the sit-to-stand movement.

Keywords: pelvic movement, anteversion, retroversion, aging, stroke, sit-to-stand

1. Introduction

Maintaining sagittal balance is important to both sitting and standing. Sagittal balance, or
“neutral upright sagittal spinal alignment,” is a postural goal of surgical, ergonomic, and
physiotherapeutic intervention [1]. Kyphotic curvature of the spine negatively impacts the
quality of life (QOL) in elderly people [2]. Kasukawa et al. reported that the sagittal balance
was well maintained in subjects who had both a good thoracic range of motion (ROM) and
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good lumbar ROM and back muscle strength, which indicates that these factors are also
related in maintaining sagittal balance [2]. The clarification of the relationship between the
QOL and abnormal posture in elderly individuals may help to improve the QOL through
preventive methods and exercises [3]. Although the degree of lumbar lordosis when sitting
has been shown to be weakly associated with age, lumbar lordosis was not found to be
affected by lifestyle, the level of physical activity, or an individual's type of work [4]. Little is
known about the sitting posture of elderly individuals in comparison with young individuals
[5]; thus, investigating the effects of aging on the sagittal spinal and pelvic alignment in the
sitting position is important for clarifying the relationship between pelvic movement and the
QOL. Sitting positions are generally categorized into two types: the quiet sitting position and
the functional sitting position. A person sits in the functional sitting position during (or when
anticipating) physical activity. The functional sitting position therefore requires control in
various sitting postures.

Multiple movements of the spine and pelvis are needed to maintain the various sitting posi-
tions. The relationship between the movements of the lumbar spine and pelvis has been
investigated [5, 6]. The relationship between the pelvic inclination angle and lumbar spine
lordosis was more distinct in the sitting position than in the standing position [5, 7]. Thus,
lumbar spine mobility (kyphosis and lordosis) may be reflected in seated pelvic mobility.
However, it has been reported that joint mobility is generally reduced by aging. The trunk
mobility of elderly individuals is inferior to that of young people [8-10]. In particular, lumbar
spine mobility in both lordosis and kyphosis decreases with aging [1, 11, 12]. In addition,
Keorochana et al. suggested that the degeneration of the interspinous ligaments with aging is
one of the factors that contributes to the low mobility of the lumbar spine [13]. Hence, the
movement patterns of elderly individuals may be restricted when they are seated because
there is less variety in their sitting positions in comparison with young subjects.

The pelvic tilt in the sagittal plane may be affected by flexion and the extension mobility of the
hip joints, because the pelvis moves forward and backward around the hip joint as a pivotal
axis in the seated position. Since the hamstring muscles originate at the ischial tuberosity of the
pelvis, the tension in the hamstring muscles has an effect on the pelvic inclination angle in the
sitting position [14, 15]. Thus, a forward pelvic tilt may increase the tension in the hamstring
muscles when sitting with a fixed knee angle and the sole of the foot in contact with the floor.
Connective tissue compliance is considered a major factor in musculoskeletal flexibility [16].
Muyor et al. [17] reported that the forward pelvic tilt angle increased after hamstring muscle
stretching, and Feland et al. [16] confirmed that pelvic mobility in the sagittal plane increased
in elderly people after hamstring muscle stretching. The increase in the tension in the ham-
string muscles when sitting with the soles of the feet in contact with the floor may restrict the
pelvic forward tilt. Thus, the free movement of the knees should be possible during pelvic
movement when sagittal plane pelvic mobility is investigated with a subject in a sitting
position. However, some sitting pelvic mobility studies have not clearly described foot contact
with the floor or the knee joint positioning [6, 18].

On the other hand, the recovery of sitting balance is commonly assumed to be essential for
obtaining independence in other vital functions such as reaching, sit-to-stand, and sitting
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down [19-21]. The early assessment and management of trunk control should be emphasized
after stroke [22]. Many researchers have suggested that the trunk control or sitting balance of
early stage stroke patients can predict a late stage activities of daily living (ADL) outcome
[19, 22, 23]. The sit-to-stand task is frequently performed and this ability is considered a prereq-
uisite for upright mobility and therefore, for performing other important daily activities such as
locomotion [24, 25]. Riley et al. suggested that the sit-to-stand movement is the most mechani-
cally demanding task undertaken during daily activity [26]. The sit-to-stand movement repre-
sents a common functional movement that is practiced in the early stage of rehabilitation [27].

Stroke patients have less stability in the sitting position in comparison with age-matched
healthy subjects [28-30]. The reason for this is explained in a number of reports. In stroke
patients, the activity of the rectus abdominis and latissimus dorsi muscles on the affected side
of the body is reduced and delayed in comparison to both the unaffected side and control
subjects [31]. Moreover, the temporal synchronization between the pertinent muscular pairs in
stroke patients is lower in comparison to healthy subjects [32]. The following factors can also
be considered to be related to the sitting position: firstly, stroke patients cannot adequately flex
the hip when the trunk extensor muscles are contracted; secondly, it is difficult to maintain the
trunk in a vertical position when the subject is seated due to the insufficiency of the abdominal
muscles [33]. Thus, when stroke patients attempt to perform the sit-to-stand movement with a
retroverted pelvis and kyphotic trunk, the standing up action is affected due to the insuffi-
ciency of pelvic anteversion and trunk extension. In addition, Campbell et al. suggested that
deficits in the muscle strength and trunk amplitude of stroke patients result in reduced pelvic
mobility, apparently as a strategy to protect against a potential risk of loss of balance when
reaching in the sitting position [34].

Numerous studies investigating trunk movement have considered the supine position as
one segment, ignoring the complexity of intervertebral movement [35]. Campbell et al.
indicated that little attention has been paid to how elderly persons coordinate the head,
pelvis, and trunk during movement [34]. Studies on the sitting posture of stroke patients
have a similar tendency. Few studies have investigated the movement of the spine and
pelvis separately. Verheyden et al. reported on pelvic movement during lateral reach
movements in the sitting position [36], and Messier et al. described the movements of the
upper trunk and pelvis when subjects touched a target placed in front of them with the
forehead [37]. To execute the sit-to-stand movement smoothly, the pelvis must be leaned
forward to flex the hip joint, and the trunk must be flexed in order to: (1) use the hip
extension moment; (2) reduce the knee extension moment; and (3) project the center of
gravity within the base of support [38-43].

Pelvic mobility plays an important role in the sit-to-stand movement in elderly people and
stroke patients.

This chapter first discusses the age-related changes in the maximum anteversion and retrover-
sion of the pelvic angles in the sitting position [44] and then explores the relationship between
the ability to perform the sit-to-stand movement and the maximum pelvic anteversion and
retroversion angles in stroke patients [45].
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2. The age-related changes in the pelvic angles during sitting

The first section investigated the relationship between age and the maximum pelvic
anteversion and retroversion angles, as well as the associated pelvic range of motion, which is
measured based on the knee movement in the sitting position [44]. The pelvic range of motion
was defined as the difference between the maximum pelvic anteversion and retroversion
angles. The hypothesis of the present study was that pelvic range of motion would be affected
by aging.

The participants included 132 healthy volunteers (female, n = 74; male, n = 58) of 20-79 years of
age (Table 1). The participants were recruited from a university, two workplaces, and the
community near the university. The participants were free from neurological and orthopedic
impairments. After the experimental protocol was explained to all of the participants, they
gave their informed consent.

All measurements were taken with the participants seated on a chair with a 50 cm x 50 cm
seat face. The height of the seat face was 65 cm from the floor to allow the free movement of the
knee joints. The participants sat on the chair. The front edge of the seating face was aligned
with the point 66% along the length of the thigh from the greater trochanter.

The pelvic angles were measured based on the sacral inclination angle [46]. An inclinometer
with a resolution of 1° was used to measure the pelvic angles. The pelvic tilt angle was defined
as the angle between the longitudinal axis through the midline of the dorsal sacral surface and
the anterior horizontal line (Figure 1).

The subjects were instructed to maintain the same anteroposterior shoulder position through-
out the movements of pelvic inclination to avoid anteroposterior movement of the trunk. The

Age Maximum pelvic anteversion Maximum pelvic retroversion Pelvic range of motion
group n angle () angle () )

20-29 n=  84.5+34 1231+ 6.1 38.7£6.0
years 48

30-39 n=  87.8+41 125.7 + 6.8 37.6 £9.2
years 13

40-49 n= 90.1454" 1241489 34.0£87
years 13

50-59 n=  888+4.6 1182 +9.8 29.4 + 8.4°°
years 23

60-69 n= 926465 117.1+8.7° 243 £ 6.3%>¢
years 19

70-79 n= 939 +40% 117.8+93 238 £8.6™>°
years 16

? Significant difference from 20 to 29 years of age.
® Significant difference from 30 to 39 years of age.
¢ Significant difference from 40 to 49 years of age.
9 Significant difference from 50 to 59 years of age.

Table 1. The mean and standard deviation of the pelvic angles in each age group [44].
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Figure 1. A schematic illustration of the procedure for measuring the pelvic inclination angle: (A) the pelvic retroversion
angle, (B) the pelvic anteversion angle [44].

instruction to the subjects was, “Please maintain your shoulder position during pelvic move-
ment.” Participants assumed alternating maximum pelvic anteversion and retroversion posi-
tions five times. The maximum and minimum angles were excluded, and the mean of the three
remaining values was calculated. The pelvic range of motion was defined as the difference
between the average maximum pelvic anteversion and retroversion angles.

The maximum pelvic anteversion angle, maximum pelvic retroversion angle, and the range of
pelvic motion were significantly affected by aging (Table 1).

The maximum pelvic anteversion angles in participants of 4049, 50-59, 60-69, and 70-79
years of age were significantly smaller than those in participants of 20-29 years of age. The
maximum pelvic anteversion angles in participants of 60-69 and 70-79 years of age were
significantly smaller than those in participants of 30-39 years of age, and the maximum pelvic
anteversion angles in participants of 70-79 years of age were significantly smaller than those in
participants of 50-59 years of age (Table 1).

With regard to the maximum pelvic retroversion angle, none of the age groups showed a
significant difference in comparison to the 20-29 year age group. The maximum pelvic retro-
version angle in the participants of 60-69 years of age was significantly smaller than that in the
participants of 30-39 years of age (Table 1).
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The pelvic ranges of motion in participants of 50-59, 60-69, and 70-79 years of age were
significantly smaller in comparison to participants of 2029 and 30-39 years of age. Further-
more, the pelvic range of motion of participants of 60-69 and 70-79 years of age was signifi-
cantly smaller than that in participants of 40-49 years of age (Table 1).

The relationships between these variables and age were approximated using linear regression
equations (Figure 2). These results indicate that pelvic mobility in the sitting position is affected
by aging. There was a significant correlation between age and the maximum pelvic anteversion
angle (r = 0.61, p < 0.001), the maximum pelvic retroversion angle (r = —0.29, p < 0.05), and the
range of pelvic motion (r = —0.63, p < 0.001) (Figure 2).

Hamstring tension probably had an insignificant effect on pelvic mobility in this dataset,
especially on the anterior tilt, because the knees could move freely during pelvic movement.
The hip flexion angle during maximum pelvic anteversion was 87° and the extension angle
during maximum retroversion was 57° in participants of 70-79 years of age. Thus, the pelvic
mobility in the present study did not seem to be affected by hamstring muscle tension or hip
joint mobility. The pelvic mobility measured in this study was in line with the results of
previous studies on lumbar spine mobility, which reported strong correlations between pelvic
tilt or the sacral tilt angle, and the lumbar spine lordosis angle in the sitting position [5, 46, 47].
In addition, the pelvic mobility in the sitting position is larger than that in the standing
position [6]. Kuo et al. reported that there was a significant correlation between lumbar spine
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Figure 2. The correlations between age and the maximum pelvic anteversion angle (black circles), the maximum pelvic
retroversion angle (white squares), and the pelvic range of motion (black triangles) [44].
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mobility and the pelvic tilt angle (r = 0.67) in the sitting position [5]. Thus, changes in the
maximum pelvic anteversion and retroversion angles that occur with aging might be directly
affected by the changes in lumbar spine mobility that occur with aging [11]. When sitting, the
angle between the lumbar spine and the pelvis is reduced when leaning forward, especially in
elderly individuals. It is considered that thoracic kyphosis becomes more pronounced and that
the thoracic and the lumbar spines almost act as one segment to compensate for this reduced
lumbar mobility [5].

However, due to the aging-related shortening of the hamstring muscles, the maximum pelvic
anteversion angle may be more restricted when performing this movement without the free
mobility of the knees.

The pelvic range of movement was approximately 40° in participants of 2029 years of age and
approximately 24° in participants of 60-69 and 70-79 years of age. The rate of pelvic mobility
limitation that occurred with aging in this study (approximately 30%) was larger than that
previously reported for hip extension (approximately 20%), which is considered to be the joint
in the lower extremities that is most limited by aging [48]. Thus, sagittal plane pelvic mobility
may be an important factor that is associated with mobility limitation during the sit-to-stand
movement in elderly adults.

3. The relationship between the ability to perform the sit-to-stand
movement and the pelvic angles in patients with stroke

The sacral sitting posture, which involves a high degree of trunk flexion and neck extension, is
frequently observed in stroke patients. This sitting posture is not the ideal posture for
smoothly performing the sit-to-stand movement. Maintaining the sitting position with pelvic
retroversion may be necessary to increase the sitting stability of stroke patients. However, the
ability to achieve anteversion of the pelvis is necessary to perform the sit-to-stand movement.

The second section investigates the relationship between the pelvic anteversion and retrover-
sion angles and the ability to perform the sit-to-stand movement [45]. The hypothesis of this
study was that stroke patients who are able to stand from sitting in a chair have a larger
maximum pelvic anteversion angle than patients who are unable to stand from a chair.

Thirty-two hemiparetic subjects (female, n = 15; male, n = 17; age, 66.7 & 7.6 years) and 50 age-
matched healthy control subjects (female, n = 40; male, n = 10; age, 64.2 + 8.2 years) partici-
pated in this study. The inclusion criteria were predetermined as follows: (1) a poststroke
period of more than 3 months and (2) the ability to maintain the sitting position without the
use of aids. The hemiparetic subjects were classified into two groups according to their perfor-
mance in the sit-to-stand movement test (described later): a group with the ability to stand up
(the stand-able group; n = 18 persons) and the group that was unable to stand up (the stand-
unable group; n = 14 persons). Patients with a history of low back pain or surgery, hemispatial
neglect, bilateral stroke, visual deficit, comprehension impairment, cognitive and/or commu-
nication deficits that precluded cooperation, as well as neurological or musculoskeletal disor-
ders that were not related to the current stroke, were excluded. The exclusion criteria for
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healthy subjects included known vestibular dysfunction, a history of neurological disease, or
orthopedic conditions that had the potential to interfere with the experiment.

The participants sat on the chair, with the front edge of the seat aligned with the point
corresponding to 66% of their thigh length from the greater trochanter. The subjects sat with
their feet in the parallel position with both arms crossed on their chest and with no support for
the trunk or upper extremities. The chair seat height was adjusted to 100% of the subject's
lower leg length (the distance from the lateral femoral condyle to the ground); the knee flexion
angle was 90°.

The pelvic angles were measured according to the sacral inclination angle (Figure 3). Pelvic
anteversion was reported as a positive angle and pelvic retroversion was reported as a nega-
tive angle. The subjects were instructed to maintain the initial acromion anteroposterior posi-
tion during the movements to avoid trunk anteroposterior movement. The stroke patients
(barefoot) were then asked to stand up at a self-selected speed while keeping the arms folded
across the chest. Three trials were performed with no restrictions on the position of the feet.
Stroke patients who could independently perform all three trials were classified into the stand-
able group. The remaining patients were classified into the stand-unable group.

The maximum pelvic anteversion angle in the stand-able, stand-unable, and control groups
ranged from 5 to —4°, —5° to —22°, and 10° to —13°, respectively (Figure 4). In the stand-able

Figure 3. A schematic illustration of the procedure for measuring the pelvic inclination angle: (A) the pelvic retroversion
angle, (B) the pelvic anteversion angle [45].
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Figure 4. The distribution of the pelvic angles in the stand-able, stand-unable, and control groups.

group, the maximum pelvic anteversion angles were all above —5°; in contrast, to the angles in
the stand-unable group were all below —5° (Figure 4). The mean and standard deviation of the
maximum pelvic anteversion angles in the stand-able, the stand-unable, and control groups
were 1.2 + 2.8°, —12.4 + 6.1°, and —1.6 £ 5.0°, respectively. The group was found to have a
significant main effect (p < 0.001). The maximum pelvic anteversion angle in the stand-unable
group was significantly smaller than that in the stand-able and control groups (Table 2). Thus,
it became clear that the maximum pelvic anteversion angle and the range of pelvic motion in
the stand-able group were significantly larger in comparison to the stand-unable group.

The maximum pelvic retroversion angles in the stand-able, stand-unable, and control groups
ranged from —10° to —30°, —10° to —27°, and —10° to —46°, respectively (Table 2). The mean
and standard deviation of the maximum pelvic retroversion angles in the stand-able, stand-
unable, and control groups were —18.5 & 5.6°, —19.6 £+ 4.6°, and —27.6 & 8.1°, respectively
(Table 2). The group was found to have a significant main effect. Significant differences were
found between the control group and the stand-able group, and between the control group
and the stand-unable group (Table 2). The maximum pelvic retroversion angle in the control
group was significantly larger than that in both groups of stroke patients (Table 2). The
maximum pelvic retroversion angles of the stand-able and stand-unable groups did not differ
to a statistically significant extent (Table 2).

The range of pelvic motion in the in the stand-able, stand-unable, and control groups ranged
from 10 to 28°, 0 to 15°, and 9 to 49°, respectively (Table 2). The mean and standard deviation of
the range of pelvic motion in the stand-able, stand-unable, and control groups was 19.7 &+ 5.1°,
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Stand-able group Stand-unable group Control group

(n=18) (n=14) (1 =50)
Maximum pelvic Mean £ SD 1.2+28 —124 +6.1%° -1.6+5.0
anteversion angle (°) Range (max-min 5to —4 —5to —22 10 to —13
Maximum pelvic Mean + SD ~18.5 4 5.6° —~19.6 + 4.6° 276 +8.1
retroversion angle (°) Range (max-min) —30to —10 —27to - 10 —46 to —10
Range of pelvic motion Mean £ SD 19.7 £ 5.1° 72+5.1° 259 +£7.6
) Range (max-min) 28 -10 15-0 49-9

“ Significant difference from the stand-able group.
® Significant difference from control group.

Table 2. The mean and standard deviation of the pelvic in the stand-able, stand-unable, and control groups [45].

7.2 £5.1° and 25.9 + 7.6°, respectively (Table 2). The range of pelvic motion in the stand-unable
group was significantly smaller in comparison to the stand-able and control groups (Table 2).

The hypotheses that the maximum pelvic anteversion angle and the range of pelvic motion in
the stand-able group would be significantly larger in comparison to the stand-unable group
were confirmed. It is noteworthy that there was a cut-off value maximum pelvic anteversion
angle that could divide stroke patients into the stand-able and stand-unable groups. The data
suggest that, in order for stroke patients to perform the sit-to-stand movement, the maximum
pelvic anteversion angle should be greater than —5°.

To smoothly execute the sit-to-stand movement, the pelvis is anteverted to flex the hip joint
and the trunk to perform the hip extension moment, reduce the knee extension moment, and
project the center of gravity into the base of support [38-43]. The sitting position stability of
stroke patients has been shown to be worse than that in age-matched healthy subjects
[5, 11, 12]. It has been shown that stroke patients cannot sufficiently flex the hip joint when it
is necessary to activate the trunk extensor muscles during sitting [33]. Stroke patients usually
sit with kyphosis and pelvic retroversion to avoid falling backward due to insufficient function
of the abdominal muscles. Thus, when performing the sit-to-stand movement, stroke patients
may need to lean the trunk further forward to shift the center of gravity into the base of
support using their feet due to the increased kyphosis and pelvic retroversion. Lecours et al.
observed that, when performing the sit-to-stand movement, the trunk angle during forward
leaning in stroke patients was larger than that in healthy subjects [35]. Hesse et al. reported
that the average center of gravity projection in the base of support in stroke patients was 3 cm
behind that of healthy subjects during the seat off phase in the sit-to-stand movement [49]. In
addition, when the trunk is flexed, the hip extension moment becomes insufficient due to the
lack of pelvic anteversion; thus, stroke patients may depend primarily on the knee extension
movement to stand up.

Some studies have reported a high correlation between pelvic inclination in the sitting position
and the degree of lumbar lordosis [5] and a strong relationship between the sacral angle of
inclination and the degree of lumbar lordosis [46, 47]. Hence, pelvic inclination (anteversion
and retroversion) reflects lumbar movement (lordosis and kyphosis). The range of pelvic
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motion in the stand-unable group was extremely limited, reaching merely 28% of the control
group and 36% of the stand-able group. Accordingly, in the stand-unable group, the lumbar
spine movement in the sagittal plane (lordosis and kyphosis) was probably limited in compar-
ison to the control group and the stand-able group.

The pelvic angle measurements were conducted in the sitting position while the subject
maintained 90° of knee flexion with their feet in contact with the ground. In the sitting
position, the hip joints work as pivotal axes in pelvic anteversion and retroversion. One factor
that should influence the range of motion of the hip is the extensibility of the hamstrings,
which drive the hip and knee as biarticular muscles. Hamstring stretching was shown to
improve the pelvic anteversion angle [17] and the mobility of the hip in elderly individuals
[16]. The sitting position in this study fixed the knee flexion angle at 90°, which should have
increased hamstring tension during the measurement. Thus, it is likely that pelvic anteversion
was restrained by the increased tension of the hamstrings.

Cheng et al. reported the following three characteristics of the sit-to-stand movement of
stroke fallers, the stroke nonfallers, and healthy subjects: stroke patients, especially fallers,
required a significantly longer time to perform the sit-to-stand movement; the rate of
increase in vertical force (%BW/sec) in stroke fallers was significantly lower in comparison
with nonfallers and healthy subjects; and the overshoot of vertical force (%BW) in stroke
fallers was significantly lower than that in nonfallers and healthy subjects [50]. These char-
acteristics of stroke fallers may be associated with their limited pelvic anteversion during the
sit-to-stand movement. Messier et al. suggested that, to execute the trunk flexion task, stroke
patients used a compensatory strategy that consisted in using mainly the upper trunk flexion
because they were unable to tilt their pelvis anteriorly [37]. Thus, our data, which showed
that the maximum pelvic anteversion angle of the stand-unable group was significantly
smaller than that of the stand-able and control groups, were supported by these reports.
Another point of view that should be mentioned is that Prudente et al. suggested that
neuromuscular coordination abnormalities occurred in both of the lower limbs of stroke
patients during the sit-to-stand movement [51].

On the other hand, since there was no significant difference in the maximum pelvic retrover-
sion angle of the two stroke groups, it becomes clear that this angle does not affect the patient's
ability to perform the sit-to-stand movement. However, it was also demonstrated that the
range of pelvic motion in stroke patients was markedly restricted in comparison to healthy
subjects. In stroke patients, pelvic anteversion appears to be an important factor for regaining
the ability to perform the sit-to-stand movement.

4. Relevance to physical therapy

This session demonstrated that the pelvic range of motion was affected by aging, particularly
in the anteversion angle, and that the maximum pelvic anteversion angle and the range of
pelvic motion in the stand-able group were significantly larger than those in the stand-unable
group. Notably, if these patients are to be able to perform the sit-to-stand movement, it is
important that they acquire a pelvic anteversion angle of greater than —5°.
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The mobility of the lumbar spine, which is associated with the strength and coordination of the
trunk and the lower limbs, should be considered as the background of these results. The
physical therapy program described below would help as an initial step for improving the
physical function of elderly individuals and stroke patients—especially with regard to improv-
ing their sit-to-stand movement.

For elderly individuals: (1) pelvic anteversion and retroversion—the patient should maintain a
seated position with their feet contacting the floor in a parallel position and move slowly,
alternating the pelvis from maximum anteversion to maximum retroversion. They should
maintain the same shoulder anteroposterior position throughout the pelvic inclination move-
ments in order to avoid anteroposterior movement of the trunk. (2) Leaning the trunk forward
with pelvic anteversion—the patient should lean their trunk forward maintaining pelvic
anteversion in a seated position with their feet contacting to the floor. This movement should
be performed slowly and repeated. It is important to perceive the increasing load to the lower
limb during the leaning of the trunk.

For stroke patients: as soon as the stroke patient has obtained an independent sitting position,
the treatment should focus on the mobility of the trunk and weight transfer to the lower limbs,
using the same methods as for elderly individuals.
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Chapter 4

Abstract

The electromyographic reaction time data responses to various rhythm shifts are dis-
cussed in Section 2 of this chapter. The following four experimental designs were intro-
duced: (1) subliminal rhythm shift with shortened interval, (2) subliminal rhythm shift
with lengthened interval, (3) subliminal rhythm shift with random interval, and (4) dif-
ferences in the rate of rhythm shift. We found that the periodic rhythmic stimulation is
predicted to comprise some time duration. Furthermore, the reactive movements can
be performed without delay under conditions with an interstimulus-onset interval shift
of 7% of 1500 ms. When the physical therapist facilitates rhythmical reactive periodic
movement using an external event such as a handclap, it will be desirable to keep the
rhythm shift within 7% of the interstimulus-onset interval. The variabilities of the inter-
tap interval in the continuation paradigm of sensorimotor synchronization are discussed
in Section 3. The participants performed self-paced, synchronization-continuation, and
syncopation-continuation tapping tasks. We found that the accuracy of the periodic
movement with an interstimulus-onset interval of 1000 ms can be improved by using
auditory pacing. However, the consistency of periodic movement is mainly dependent
on innate skill; thus, improvement in consistency from pacing alone is unlikely.

Keywords: auditory, external pacing, rhythmic movement, reaction time, sensorimotor

synchronization

1. Introduction

Producing rhythmic and periodic movement is one of the important aspects of movement con-
trol. In physical therapy, external events such as auditory stimuli and visual stimuli might be
used as triggers for the facilitation of periodic movement. Rhythmic coordinated movement is
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impaired in patients with motor diseases such as Parkinson’s or those who have experienced a
stroke. It is possible that an auditory pacing event could be useful as physical therapy in treat-
ing movement disorders. In a physical therapy study, during a target-hitting task using flex-
ion and extension of the elbow, variability of electromyogram patterns of the biceps brachii
decreased with pacing using a regular auditory rhythm, compared with that during the no-
pacing and irregular auditory rhythm conditions [1]. In clinical studies, it has been reported
that an intervention using rhythmic auditory stimulation improved gait velocity, cadence, and
stride length in patients with Parkinson’s disease [2] and gait velocity, stride length, and elec-
tromyographic activity of the medial gastrocnemius in patients with hemiparetic stroke [3].

When performing a rhythmic movement using periodic auditory stimuli as a trigger, the
subjects can select a variety of movement patterns (such as reaction, synchronization, and
syncopation). In this chapter, the electromyographic reaction time (EMG-RT) data responses
to various rhythm shifts [4-7] are discussed in Section 2, and the variabilities of intertap inter-
val (ITI) in the continuation paradigm of sensorimotor synchronization [8] are discussed in
Section 3. Furthermore, each section includes an explanation of the clinical consideration in
physical therapy.

2. Influence of various rhythm shifts on reactive periodic movement

The EMG-RT is defined as the interval between the stimulation signal and the onset of vol-
untary electromyographic activity of a response, and reflects the time of the central process.
The presentation of periodic stimuli creates predictions and expectations. During the reac-
tion-time task, the EMG-RTs are shortened in the first three stimuli when applying the peri-
odic stimuli. On the other hand, the different intervals inserted in periodic stimuli sequences
causes a delay in EMG-RT [9]. Regarding the facilitation of reactive periodic movement dur-
ing physical therapy, if the physical therapists provide periodic rhythm by handclap, it will
be impossible to replicate the exact time interval without deviation in the absence of a met-
ronome. The studies described in this section show the EMG-RT data responses to various
rhythm shifts. Additionally, we clarify the relationship between the degree of stimulus inter-
val deviation and the delay of EMG-RT in the reactive periodic movement.

2.1. Apparatus for recording the EMG-RT

The same apparatus was used for EMG-RT measurements in experiments 1-4, which are
discussed in this section. The telemetry EMG measuring system (MQ8; KISSEICOMTEC,
Matsumoto City, Japan) was loaded onto a PC (VersaPro VY20F/AG-W; NEC). The auditory
stimulus system was set up using SoundTrigger2Plus (KISSEICOMTEC). Auditory stimuli
were delivered via headphones. The presented auditory stimulus and EMG signals were
recorded with a data acquisition system (VitalRecorder2; KISSEICOMTEC), and recorded sig-
nals were analyzed by an EMG signal analysis program (BIMUTAS-Video; KISSEICOMTEC).
The surface electrodes (LecTrode NP; ADVANCE, Tokyo, Japan) were placed over the right
tibialis anterior muscle.
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2.2. EMG-RT measurements
2.2.1. Subliminal rhythm shift with shortened interval

The purpose of experiment 1 was to investigate the influence of a subliminal rhythm shift with
a shortened interval on the control of reactive movement. Fourteen healthy subjects (10 men,
4 women; mean age, 25.4 years) participated in this experiment. The subjects were right-foot
dominant and kicked the balled with their right foot. Subjects had no motor function abnor-
malities of the right ankle and no hearing abnormalities. The experiment was conducted in a
quiet room. The subjects were seated with 90° of knee flexion. All subjects performed the reac-
tion-time tasks, raising their right ankles in response to the auditory stimuli. Their eyes were
closed to exclude the influence of vision during the tasks. The following three test conditions
were applied: (1) periodic auditory stimuli with an interstimulus-onset interval (ISI) of 1500
ms and a shift in the last stimulus interval only to (2) 1425 ms (the interval shortened 5% of
1500 ms), and (3) 1200 ms (the interval shortened 20% of 1500 ms), respectively, in successive
stimulus sequences with an ISI of 1500 ms. Each condition was composed of 6-10 stimuli.
There were 15 trials performed during each condition for a total of 45 trials. EMG-RT values
for the last stimulus were compared among the three conditions. One-way repeated measures
analysis of variance (ANOVA) revealed a significant difference between the EMG-RT values
under different conditions (see Figure 1). Tukey’s posthoc test showed that the EMG-RT was
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Figure 1. EMG-RT values of conditions 1-3.
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significantly delayed under condition 3 (184.7 + 24.6 ms, p < 0.01) compared with that under
conditions 1 (138.0 + 29.7 ms) and 2 (144.3 + 29.4 ms). A comparison of conditions 1 and 2
revealed no significant differences.

2.2.2. Subliminal rhythm shift with lengthened interval

Experiment 2 aimed to investigate the influence of a subliminal rhythm shift with a length-
ened interval on the control of reactive movement. Thirteen healthy individuals (10 men, 3
women; mean age, 27.4 years) were included in this study. All subjects were right-footed
according to the Chapman’s foot-preference inventory (mean score, 14.8) [10]. The subjects
had no motor function abnormalities of the right ankle and no hearing abnormalities. All
subjects performed the same reaction-time tasks as those in experiment 1. The following three
test conditions were applied: (1) periodic auditory stimuli with an ISI of 1500 ms, and a shift
in the last stimulus interval only to (2) 1575 ms (the interval lengthened 5% of 1500 ms), and
(3) 1800 ms (the interval lengthened 20% of the 1500 ms), respectively, in successive stimuli
sequences at an ISI of 1500 ms. Each condition was composed of 6-10 stimuli. There were
15 trials performed during each condition for a total of 45 trials. EMG-RT values for the last
stimulus were compared among the three conditions. One-way repeated measures ANOVA
revealed a significant difference between the EMG-RT values under different conditions (see
Figure 2). Tukey’s posthoc test showed that the EMG-RT was significantly delayed under
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Figure 2. EMG-RT values of conditions 1-3.
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condition 3 (189.8 £ 17.3 ms, p < 0.01) compared with that under conditions 1 (130.9 + 11.8 ms)
and 2 (131.1 £11.2 ms). A comparison of conditions 1 and 2 revealed no significant differences.

2.2.3. Subliminal rhythm shift with random interval

Experiment 3 included 14 healthy subjects (11 men, 3 women; mean age, 28.5 years) who
performed the same reaction-time tasks as those in experiments 1 and 2. All subjects were
right-footed according to the Chapman’s foot-preference inventory (mean score, 14.6) [10].
EMG-RT was measured under the following three test conditions: (1) periodic auditory stimuli
with an ISI of 1500 ms, (2) a random ISI shift in the range of 1463-1537 ms (range of +5% of the
1500 ms), and (3) a random ISI shift in the range of 1350-1650 ms (range of +20% of 1500 ms).
In condition 3, the time differences between consecutive ISIs were set longer than 75 ms and
10 auditory stimuli were provided per trial. There were 10 trials performed during each con-
dition for a total of 30 trials. EMG-RT values corresponding to the 1st-10th stimuli were com-
pared within each condition using one-way repeated measures ANOVA. When a significant
difference was recognized, paired comparisons were performed using Tukey’s posthoc test.
The EMG-RT values for conditions 1-3 are shown in Table 1. In conditions 1 and 2, EMG-
RT value responses to the 2nd—10th stimuli were significantly shortened compared with the
response to the 1st stimulus (p < 0.01), and the responses to the 3rd-10th stimuli were signifi-
cantly shortened compared with the response to the 2nd stimulus (p < 0.01). In condition 3,
EMG-RT value responses to the 2nd-10th stimuli were significantly shortened compared with
the response to the 1st stimulus (p < 0.01), and the responses to the 3rd stimulus was sig-
nificantly shortened compared with the response to the 2nd stimulus (p < 0.01). On the other
hand, EMG-RT value responses to the 7th—10th stimuli were significantly delayed compared
with the response to the 3rd stimulus (p < 0.01).

2.2.4. Differences in rate of rhythm shift

Experiment 4 aimed to investigate the influence of differences in the rate of rhythm shift on the
control of reactive movement. Ten healthy individuals (8 men, 2 women; mean age, 25.5 years)
performed the same reaction-time tasks as those in the previous EMG-RT measurements. All
subjects were right-footed according to the Chapman'’s foot-preference inventory (mean score,

Stimulus number

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

Condition1 1967 1583 1342 1324 1327 1338 1349 1345 1367 136.2
(19.4) (175)  (155) (142)  (130) (146) (13.7)  (132)  (15.8) (14.0)

Condition2  198.6 1599 1337 1334 1343 1348 1366 1371 1376 138.7
(19.6) (10) (1290 @131 (135 (133) (128)  (137)  (13.6) (11.9)

Condition3 1995 1593 1388 1491 1521 1538 1596 1600  161.0 165.0
(15.0) (153)  (153)  (19.0) (144) (145 (127)  (130)  (10.8) (11.5)

Note. Values are mean (SD, standard deviation).

Table 1. EMG-RT values for conditions 1-3 (unit: ms).
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13.8) [10]. The following 21 test conditions were applied: periodic auditory stimuli with an
ISI of 1500 ms, and only the last stimulus interval shifted to 1485, 1470, 1455, 1440, 1425, 1410,
1395, 1380, 1365, 1350, 1335, 1320, 1305, 1290, 1275, 1260, 1245, 1230, 1215, and 1200 ms (inter-
vals shortened from 1 to 20% of 1500 ms), in successive stimuli sequences at an ISI of 1500 ms.
Each condition was composed of 6-10 stimuli. There were 10 trials performed during each
condition for a total of 210 trials; each subject performed the 210 trials over a period of 5 days
(42 trials per day). EMG-RT values for the last stimulus were compared among the 21 condi-
tions. EMG-RT value responses to stimuli with an ISI of 1500 ms (no rhythm shift) were 142.4
+ 8.9 ms. The EMG-RT values for 20 test conditions with rhythm shift are shown in Table 2.
The EMG-RT values of shifts in ISI from 8 to 20% of the 1500 ms were significantly delayed
compared with those during the periodic auditory stimuli with an ISI of 1500 ms with shifts in
ISI from 1 to 7% of 1500 ms (p < 0.01). The EMG-RT values of shifts in ISI from 15 to 20% of 1500
ms were significantly delayed compared with shifts in ISI from 8 to 11% of 1500 ms (p < 0.01).

2.3. Practical considerations for the use of reactive periodic movement in physical therapy

Small changes below 5% of the base interval are considered to be below the threshold of con-
scious recognition [11]. For a base interval of 1500 ms, our three experiments revealed that the
reactive movements can be performed without delay under conditions with an ISI shift below the
threshold of conscious recognition. The periodic rhythmic stimulation is predicted to comprise
some time duration. The prediction system for stimuli plays the same role as in the case of con-
stant rhythm in such an ISI shift, and the readiness for movement will be maintained in the cen-
tral nervous system. On the other hand, changes of 20% of the base interval are considered to be
above the threshold of conscious recognition [11]. Our data showed that EMG-RTs were delayed
during the 20% ISI shift. The prediction system for the stimulus loses its ability, and the central
nervous system will need to provide new motor commands. Furthermore, experiment 4 revealed
that the periodic rhythmic stimulation with the 1500-ms interval is predicted to comprise an
approximately 100 ms duration. The reactive movements can be performed without delay with
an ISI shift of 7% of 1500 ms. Finger tapping produces a series of intervals with substantial vari-
ability, even when they are intended to be regular; the typical SD is 3-6% of an ISI within a range
of 200-2000 ms [12]. When the physical therapist facilitates rhythmical reactive periodic move-
ment using a handclap, it will be desirable to keep the rhythm shift in a range within 7% of the ISL

Rate of rhythm shift

10/0 20/0 30/0 40/0 50/0 60/(] 70/0 80/0 90/0 100/0
141.6 141.9 143.3 146.9 1454 142.9 147.3 164.2 166.5 165.0
(8.6) (8.6) (5.7) 8.9) (8.6) (7.2) (8.0 (10.0) (7.5) 4.8)
11% 12% 13% 14% 15% 16% 17% 18% 19% 20%
164.7 174.0 175.2 174.8 181.3 182.7 186.9 187.0 186.8 189.3
9.6) (12.0) (10.7) (11.8) (8.5) (12.5) (7.3) 9.7) (8.3) (14.4)

Note. Values are mean (SD).

Table 2. EMG-RT values for 20 test conditions with rhythm shift (unit: ms).
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3. External pacing on the control of periodic movement

3.1. Influence of pacing with auditory stimuli on movement continuation

The purpose of this study was to determine if the pacing of external events could be used to
control rhythmic movement by comparing the variability of periodic tapping using the self-
paced, synchronization-continuation, and syncopation-continuation paradigms.

Eighteen healthy subjects (8 men, 10 women; mean age, 23.9 years) participated in this study. All
subjects were strongly right-handed according to the Edinburgh Handedness Inventory (mean
laterality quotient, 91.2) [13]. The subjects had no motor function abnormalities of the right
index finger and no hearing abnormalities. Regarding the apparatus, the MQ8, VitalRecorder2,
and BIMUTAS-Video introduced in the previous section were also used in this study. The audi-
tory stimulus system was set up using Viking Quest (Nicolet Biomedical, Wisconsin, USA).

The experiment was conducted in a quiet room. The subjects were seated with eyes closed
and the right forearm was placed in a pronated position on a desk in front of them. They
were required to tap with the right index finger during the following three tasks: task 1, self-
paced tapping with no auditory stimuli with the subjects performing 15 successive taps for the
directed interval; task 2, synchronization-continuation tapping, which incorporated the sub-
jects tapping in synchrony with 15 periodic auditory stimuli (pacing phase), and then continu-
ing to perform 15 taps at the same rate without the auditory stimuli (continuation phase); task
3, syncopation-continuation tapping, which involved the subjects tapping in synchrony with
the midpoint of each stimulus of 15 periodic auditory stimuli (pacing phase), and then continu-
ing to perform 15 taps at the same rate without the auditory stimuli (continuation phase). The
time difference between the onset of two successive stimuli was defined as the ISI, and a total
of three different ISIs were used in the pacing phase of tasks 2 and 3: 1000, 2000, and 5000 ms.
These were also the directed intervals used in task 1. Each task was repeated three times and
a total of nine trials were performed at random by each subject. The execution of each task in
each subject was carried out over 3 days. Task 1 was performed on day 1, and then tasks 2 and
3 were performed at random. The parameters evaluating the tapping were the mean and coef-
ficient of variation (CV) of the ITI. Synchronization error (SE) in the pacing phase of task 2 was
defined as the time difference between the taps and stimulus onset. SE in the pacing phase of
task 3 was defined as the time difference between the taps and midpoint of successive stimuli.
In all tasks, the latter 10 ITIs in each sequence were used for analysis. The paired -test was used
to compare the pacing phases of tasks 2 and 3. One-way repeated measures ANOVA was used
to compare task 1 and the continuation phases of tasks 2 and 3. When a significant difference
was recognized, paired comparisons were performed using Tukey’s posthoc test. In the pacing
phases of tasks 2 and 3, the distribution of SE was also considered within these comparisons.

The mean and CV values of the ITI for the pacing phases of tasks 2 and 3 are shown in
Table 3. There were no significant differences according to the paired t-test. Distributions
of SEs for the pacing phases of tasks 2 and 3 are shown in Figures 3 and 4. A positive asyn-
chrony for any ISI was observed in task 3 compared with that during task 2. In addition, as
the duration of ISI increased, the distribution became less peaked. The mean and CV values

63



64  Clinical Physical Therapy

Task 2 Task 3
Mean (ms)
1000 ms 996.3+3.7 9973 +4.4
2000 ms 1999.2 £10.9 1994.1 +15.6
5000 ms 5003.4 £19.9 5004.1 +49.0
CV (%)
1000 ms 3.1+09 3.0+£1.3
2000 ms 38+1.4 42+25
5000 ms 44+20 44+24

Note. Values are mean + SD.

Table 3. Mean and CV values in the pacing phases of tasks 2 and 3.

of the ITI for task 1 and the continuation phases of tasks 2 and 3 are shown in Table 4. For
the ISI of 1000 ms, one-way ANOVA revealed a significant difference between the mean ITIs
for different tasks. Posthoc analyses showed that the mean ITI was significantly smaller in
tasks 2 and 3 when compared to that in task 1. For the ISI of 2000 ms, the CV was signifi-
cantly larger for task 3 than for task 1. For the ISI of 5000 ms, the mean ITI was significantly
larger for tasks 2 and 3 than for task 1, and the CV was significantly larger for tasks 2 and 3
than for task 1. There were no significant differences among other comparisons.

In the pacing phase, there was no difference in the accuracy or consistency of tapping between
the synchronization and syncopation patterns. On the other hand, the distribution of SE
showed different characteristics between the two paradigms. The SE distribution of the syn-
chronization paradigm for the ISIs 1000 and 2000 ms displayed similar tendencies to a previ-
ous study in which SE almost always indicated negative asynchrony with a small spread in
SE distribution for ISIs from 450 to 1500 ms, and anticipatory tapping with a large negative
SE and reactive tapping were mixed in SE distribution for ISIs from 1800 to 3600 ms [14].
In both paradigms, positive asynchrony representing reactive tapping was seen. In the syn-
chronization tapping task, anticipatory tapping and reactive tapping were identified when
the standard value of SE was set at 100 ms [14]. When we adopted this criterion, the SE data
for task 2 identified reactive tapping (0, 13, and 52 of 180 trials for ISIs 1000, 2000 and 5000
ms, respectively). The distribution of SE in syncopation tapping using isochronous audi-
tory stimuli has not been reported in previous studies. Although the SE distributions of the
pacing phase of synchronization and syncopation were different, there was no difference in
the accuracy and consistency of tapping between these patterns. Rhythmic synchronization
tasks require two timing demands: rhythm production at the same frequency as an external
stimulus and motor responses that coincide in time with the stimulus. In the pacing phase
of this study, the rhythmicity of periodic movement might have been mainly controlled by
temporal information from the auditory stimulus rather than the error between auditory
stimuli and tapping.
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Task 1 Task 2 Task 3
Mean (ms)
1000 ms 1137.0 £202.9 1000.7 + 51.7** 1022.8 + 77.8*
2000 ms 1847.9 + 368.8 1982.5 +187.2 2077.6 +325.5
5000 ms 4177.8 +1050.8 5202.6 + 381.8** 5342.8 +511.4**
CV (%)
1000 ms 40+1.2 34+09 40+17
2000 ms 3.6+1.1 41+19 49+1.5*
5000 ms 35+2.0 54+1.7% 59 +2.7%

Note: Values are mean + SD.
*p <0.05 compared with task 1.
**p<0.01 compared with task 1.

Table 4. Mean and CV values in task 1 and the continuation phases of tasks 2 and 3.

For the ISI of 1000 ms, a comparison of task 1 with the continuation phase of tasks 2 and 3
showed that accuracy improved following a pacing phase, which suggests a close relation-
ship between the length of the stimulus interval and attentional resources. A study using
synchronization tapping in parallel with word-memory task demonstrated that a reduction
in attentional resources caused by the execution of a secondary task did not have a significant
effect on automatic anticipation in the 450-1500 ms ISI range [14]. However, in the ISI range
of 1800-3600 ms, anticipatory tapping was substantially affected by tasks that decreased
attentional resources. These results suggest that a timing control mechanism independent of
attentional resources, the so-called “automatic movement,” exists in the case of an ISI below
1800 ms, and that tapping was controlled in a feed-forward rather than feed-back manner.
The results of previous studies suggest that the mechanism for anticipatory timing control
is different and has an ISI threshold of 1800 ms. In addition, it was shown that prediction
of the next stimulus becomes more difficult with longer ISIs. The accuracy of tapping in the
continuation phase was improved by pacing at an ISI of 1000 ms. This is most likely because
the interval was shorter than 1800 ms.

For the ISI of 2000 ms, a comparison of task 1 with the continuation phase of tasks 2 and 3
showed that the CV was significantly high under self-paced conditions, but only for the syn-
copation component. The ITI series of task 3 for an ISI of 2000 ms indicates that several sub-
jects drift away from the 2000-ms interval during the continuation phase, although the mean
ITI for the 18 subjects was 2077.6 ms. During additional analysis, the autocorrelation functions
(ACF) were used for analysis of the ITI time series data. Regarding the ACF for the time series
data (10 pacing phase ITIs and 10 continuation phase ITIs), the criteria for data selection of ITI
drift were set as lag 1 > 0.4. Based on results of the ACF, the 18 subjects were divided evenly
into two groups (the ITI drift group and ITI nondrift group). The mean ACF for the ITI series
of both groups are shown in Figure 5. For the ITI drift group, a positive peak appears in the
lag 1 autocorrelation and a negative peak appears in the lag 10 autocorrelation.
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Figure 5. Mean autocorrelation functions for the ITI series in ITI drift and nondrift groups.

In a comparison of both groups, an unpaired t-test revealed no significant differences in
the pacing (syncopation) phase. In the continuation phase, the CV of the ITI drift group
(5.8 + 1.1%) was significantly higher than that of the ITI nondrift group (3.9 + 1.4%) (Figure 6).
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Figure 6. CV values for continuation phase of task 3 in ITI drift and nondrift groups.
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We observed a large variation in the ITI during the continuation phase in subjects with ITI
drift. The interval of 2000 ms was similar to the 1800-ms interval reported in a previous study
[14], and the difficulty of the periodic movement with the 2000-ms interval was different for
each individual.

A strategy used to perform syncopation tapping with a 2000-ms interval involves a stimulus
and tap repeated at intervals of 1000 ms. The accurate estimation of the 1000 ms interval
is required to execute this strategy. In comparing the self-paced tapping (1000 ms) in both
groups, an unpaired ¢-test revealed that the CV of the ITI drift group (4.5 + 0.9%) was signifi-
cantly higher than that of the ITI nondrift group (3.3 + 1.1%) (Figure 7).

Additional analysis demonstrated that the correlation coefficient was 0.42 for the mean ITI
between task 1 (target duration: 1000 ms) and the continuation phase of task 3 (target dura-
tion: 2000 ms) (Figure 8). The area surrounded by gray in Figure 8 shows that the ITIs for the
continuation phase of task 3 are about twice the value of the ITIs for task 1.

In the continuation phase following the syncopation tapping, the subjects had to estimate the
1000 ms interval to determine the time between the lack of stimulus and their tap. However,
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Figure 7. CV values for task 1 (1000 ms) in ITI drift and nondrift groups.
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Figure 8. Correlation for the mean ITI between task 1 (target duration: 1000 ms) and the continuation phase of task 3
(target duration: 2000 ms).

since deviations from the target duration were large during the self-paced tapping for the
1000-ms interval (i.e., the ability to estimate a 1000 ms interval was poor), accurate movement
in the continuation phase would be more difficult. If the syncopation tapping of the interval
for 2000 ms is adopted as the pacing interval, the subjects should be able to accurately esti-
mate the halfway point of the time interval.

For ISI > 5000 ms, estimation of temporal duration was shown to involve memory [15], which
concurs with the finding in our study that reactive tapping markedly increased with an ISI of
5000 ms. Reactive tapping is one when the movement is performed after identification of a stimu-
lus, and indicates that the prediction of the next stimulus input was difficult. Therefore, for an ISI
of 5000 ms, negative asynchrony and positive asynchrony were intermingled and the SE distri-
bution was broad. Regarding the syncopation pattern, positive asynchrony had a larger spread
because participants were not able to react to the stimulus since there was no stimulus corre-
sponding to the tap. These findings showed the 5000 ms task is performed in a nonrhythmical
manner and relies on memory more than timing. True rhythm should refer only to events within
the time scale of short-term memory [11]. Intervals of 5000 ms are likely too long for the facilita-
tion of movement using pacing, as movement under both the synchronization and syncopation
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conditions will be controlled by memory; thus, variability in the periodic movement will be large.
Even though the ITI for the self-paced condition deviated considerably from the actual 5000-
ms interval, the consistency of the tapping was maintained. Despite individual differences, we
believe the variability represented the maximum performance for finger tapping.

3.2. Practical considerations for the use of continuation paradigm of sensorimotor
synchronization in physical therapy

Investigations of clinical applications have demonstrated that pacing is effective when the ISI
is shorter than 1000 ms; for example, pacing during the time when the interval of auditory
stimulus was set up based on each patient’s cadence. The average cadence of healthy subjects
was 110 steps/min [16], which corresponds to an ISI of about 545 ms. During the sensorimotor
synchronization task, the preferred tempo rates of healthy subjects were reported to be 767 ms
[17]. Based on the findings of this study, it can be speculated that the pacing of periodic audi-
tory stimuli might function in refining the precision of each individual’s internal timing mecha-
nism, particularly at an ISI of 1000 ms.

On the other hand, the consistency of tapping did not improve in a continuation phase when
compared with that during self-paced tapping in any of the trials. Finger tapping produces a
series of intervals whose variability is substantial, even when they are intended to be regular,
and the typical standard deviation corresponds to 3-6% of the ISI within a range of 200-2000 ms
[12]. The values of CV in task 1 of this study were 4.0, 3.6, and 3.5% for intervals of 1000, 2000,
and 5000 ms, respectively. Although there were individual differences, this variability probably
represented the innate maximum performance for finger tapping in each interval. When peri-
odic movement was produced as they were in task 1, it indicates innate skill, which produces
the consistent rhythm, even if error exists between the directed interval and ITI. Although the
auditory rhythm was provided as a trigger in the pacing phase, movement in the subsequent
continuation phase would be dependent on innate skill.

In conclusion, in physical therapy, the accuracy of periodic movement with an ISI of 1000 ms
can be improved using auditory pacing. In addition, the consistency of periodic movement
is mainly dependent on each individual’s innate skill, and thus improvement in consistency
based on pacing is unlikely. The limitation of this study was that the periodic movement of
intervals around 1000 ms was not examined in detail. In the future, it is expected that the
periodic movement of short intervals will be evaluated to examine not only the instant effect
of pacing but also the training effect on longitudinal intervention.
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Abstract

This chapter describes exercise therapy in terms of definition, objectives, concept, tech-
niques, mechanisms, and equipment. Mechanisms explaining the effect of exercise train-
ing on treatments for other diseases are included. In addition, new biomarkers capable
of evaluating exercise performance capacity and progress in training and early detection
of overtraining are provided. Very promising are mainly small non-coding microRNAs
(miRNAs). Important background knowledge for exercise therapy is also provided. The
knowledge covers the exercise for healthy and unhealthy people. The former includes
sedentary and sport player. The latter includes patients with various diseases, for exam-
ple, metabolic diseases, cardiovascular disease, orthopedics, etc. Importantly, all the
knowledge was presented in latest information.

Keywords: physical activity, physical therapy, movement, oxidative stress, microRNA,
sports, diseases

1. Introduction

Exercise therapy is defined as a regimen or plan of physical activities designed and prescribed
to facilitate the patients to recover from diseases and any conditions, which disturb their
movement and activity of daily life or maintain a state of well-being [1] through neuro re-
education, gait training, and therapeutic activities. It is systemic execution of planned physi-
cal movements, postures, or activities intended to enable the patients to (1) reduce risk, (2)
enhance function, (3) remediate or prevent impairment, (4) optimize overall health, and (5)
improve fitness and well-being [2].

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNEN
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This therapy may relate specific muscles or parts of the body, to general and strenuous activi-
ties that can return a recovering patient to the peak of physical condition. It is highly repeti-
tive and intensive and requires time and dedication on the part of the patients to encourage
neuroplasticity. The therapy is performed by professionals with an educational background
in exercise physiology, exercise science, or other similar degree. To succeed goal-oriented
treatment, the personnel must [2].

1. Provide comprehensive and personalized patient/individual management.

2. Implement a variety of therapeutic interventions that are complementary (e.g., heat appli-
cation before joint mobilization and passive stretch, followed by active exercise to use new
mobility in a functional manner).

3. Rely on clinical decision-making skill.

4. Promote patients’ independence whenever possible through the use of home manage-
ment, self-management exercise programs, and patient-related instruction.

In-house physical therapy by family, friends, or caregivers to deliver the appropriate exercise
therapy in the home can greatly decrease healthcare costs which may limit the intervention.
Therefore, training and educating these persons are important in effective exercise therapy.

Exercise therapy can be called Activity-Based Therapy, Activity-Based Recovery Therapy,
Neuro-based Therapy, and Restorative Therapy.

1.1. Important background knowledge to understand exercise therapy

Background knowledge needs to be understand [3].

Planes of movement

There are three planes of movement.

a) Movement in horizontal plane (transverse plane): This plane divides the body into upper
and lower halves. Movements in transverse plane occur parallel to ground.

b) Movement in frontal plane (coronal plane): This plane divides side to side movements, for
example, bringing the head to each of the shoulders.

¢) Movement in vertical plane (sagittal plane): It is the plane that divides the body or body
segment into the right and left parts. Movements in this plane include forward and back-
ward motions such as nodding of the head.

Kinematics is the area of biomechanics that include description of motion without regard for
the forces producing it. They include.

a) Types of motion. There are four types of motion:

* Rotatory motion, which is the movement of an object around a fixed axis in a curved path.
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¢ Translatory motion, which is the movement of an object in a straight line.
¢ Curvilinear motion, which is a combination of rotatory and translatory motions.

* General plane motion, which the object is segmented and free to move.

b) Location of motion: Motion at a joint may occur in transverse, frontal, or sagittal planes.
¢) Direction of motion: Movement may occur either in clockwise or anticlockwise direction.

d) Magnitude of motion can be given either in degrees or radians.

Kinetics is biomechanics that concerned with the forces maintaining equilibrium or producing
motion and are described as either external or internal forces.

Center of gravity (COG) is the point which the force of gravity acts effectively independently
on position of body. The COG of human body lies approximately at S2, anterior to sacrum.

Line of gravity (LOG) is the line that lies vertically through center of gravity.
Base of support is the area which is supported.

Equilibrium results when the forces acting upon a body are balanced and the body remains at
rest.

Fixation and stabilization: Fixation is the state of immobility, and stabilization is the state of
relative immobility.

Force is that which alters the state of rest of a body or its uniform motion in a straight line
Lever is a rigid bar that rotates around on axis.
Mechanical advantage is efficacy of force in relation to lever depends on two factors.

Pulley is a grooved wheel which rotates about a fixed axis by a rope that passes round it. The
axis is supported by a frame work or block. There are two types of pulleys: (1) fixed pulleys
and (2) movable pulleys.

Starting position is the first posture before the following movement during the exercise ther-
apy. There are five fundamental starting positions: standing, kneeling, sitting, lying, and
hanging. Equilibrium and stability are maintained in these positions by balance of forces act-
ing upon the body.

2. Objectives of exercise therapy

The objectives of exercise therapy are as following;

a) Promote activity and minimize the effects of inactivity, increased independence

b) Increase the normal range of motion.
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c) Improve strength the weak muscles.

d) Improve the performance in daily activities.

e) Enable ambulation.

f) Release contracted muscles, tendons, and fascia.

g) Improve circulation.

h) Improve respiratory capacity.

i) Improve coordination.

j) Reduce rigidity.

k) Improve balance.

1) Promote relaxation.

m) Increased motor or sensory function.

n) Reduction of medication, reduction of hospital visits, and increased overall health.
The most important goal of exercise therapy is an optimal level of physical fitness by the end

of the intervention. The physical fitness a state characterized by good muscle strength com-
bined with good endurance.

3. Concept

Exercise therapy based on the independent movement which depends on individual goals.
It aims to improve the ability to achieve optimal daily functioning. To achieve the goal
of exercise therapy, the practitioner needs to understand the disablement process which
include [4]

The disablement process
a) Impairment: A loss or abnormality of anatomic, physiologic, or psychologic structure or
function.

b) Functional limitation: A limitation of the whole person performance, task in an efficient,
typically expected, or competent manner, or a physical action activity.

o) Disability: The inability or a limitation to perform the performance of actions, or tasks.
There are three models of the disablement process:

a) World Health Organization’s (WHO) International Classification of Impairments, Disabili-
ties, and Handicaps (IDICH) [5].
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b) NAGI scheme [6].

¢) Modified disablement model [2]. This model exhibits the complexity of the relationships
among pathology, impairments, functional limitations, disability, risk factors, interven-
tions, quality of life, and prevention, wellness, and fitness.

4. Patient management

Physical therapist’s approach to patient management involves examination, evaluation, diag-
nosis, prognosis, and intervention [2].

4.1. Therapeutic exercise intervention model

A three-dimensional model has been created to assist the clinician in the clinical decision-
making process regarding exercise prescription. The model includes

Elements of the movement system: These elements relate to the purpose of each activity or
technique

a) Support

b) Base

¢) Modulator

d) Biomechanics

e) Cognitive/affective
The specific activity or technique chosen

a) Posture
b) Mode

¢) Movement
The specific dosage

a) Type of contraction
b) Intensity

¢) Speed

d) Duration

e) Frequency
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f) Sequence
g) Environment

h) Feedback

The therapist must continually monitor the exercise to determine the need for modification
to increase or decrease difficulty to ensure continual progress is being made with minimal
setbacks. In addition, exercise therapy can be complemented with adjunctive interventions
if the additional intervention can lead to a higher level of functional outcome in a short time.

5. Techniques

The techniques of exercise therapy used in treatment may be classified as follows [7].

5.1. Passive movement
Passive movements

Passive movements (Motion Therapy, Continuous Passive) provide continuous passive
motion to the applied joint. The apparatus can be used immediately after the operation to
improve the range of motion, reduce pain, discomfort, and healing. This machine is adjust-
able, easily controlled, versatile, and usually electrically operated.

a) Relaxed passive movements

The physiotherapist performed these movements for the patients. The physiotherapist needs
knowledge of the anatomy of joints. The same direction and range of the movements are the
same as those performed in the active movements. The physiotherapist moves the joint d
through the existing free range and within the limits of pain.

b) Accessory movements

These movements are parts of any normal joint movement but may be absent or limited in
abnormal joint conditions. They consist of rotational or gliding movements which cannot be
separately performed as a voluntary movement but can be performed by the physiotherapist.

Passive manual mobilization techniques

a) Mobilizations of joints

The physiotherapist performed these movements which are usually small repetitive oscilla-
tory, thythmical, localized functional, or accessory in various amplitudes within the available
range. These can be done quite strongly or very gently and are graded according to the part
of the available range in which they are performed.
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b) Manipulations of joints
- Physiotherapists

The movements are performed by the physiotherapist. They are accurately localized, single,
quick decisive movements, which have small amplitude and high velocity completed before
the patient can stop it.

- Surgeon/physician

The movements are performed by a surgeon under anesthesia or physician to receive further
range. The maintaining of the increase in movement must be performed by the physiotherapist.

c) Controlled sustained stretching of tightened structure:

The increase in range of movement can be done by passive stretching of muscles and other
soft tissues. The stretching adhesions in these structures and lengthening of muscle increase
the movement by inhibition of the tendon protective reflex.

5.2. Active exercise

Movement performed or controlled by the voluntary action of muscles, working in opposi-
tion to an external force

Voluntary
a) Assisted active exercise

In this type of exercise, the patient tries to perform the movement by himself/herself. However,
his/her muscular action is insufficient for the production or control of full range of movement.
To complete it, an external force needs to be added. If the muscle power increases, the assis-
tance given must decrease.

b) Free exercise

Free exercises are those which are performed by the patient’s own muscular efforts without
the assistance or resistance of any external force, other that of gravity.

¢) Assisted-resisted exercise

This type of exercise constitutes a combination of assistance and resistance during a single
movement.

d) Resisted exercise

The external force may be applied to the body levers to oppose the force of muscular contrac-
tion and there will be increase in muscle power and hypertrophy.
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Resisted exercise technique is classified into six major categories:
* Endurance training
* Resistance training
* Muscle stretching exercises (flexibility training)
¢ Balance training
¢ Coordination training
* Agility training
* Body mechanics and awareness training
¢ Enhance function
¢ Gait and locomotion training

¢ Plyometric exercise (power training)

Exercise preparation

Before exercise training, a patient should be evaluated by a physician. It is important to
exclude patients with ventricular hypertrophy, valvular heart disease, dangerous arrhyth-
mias, and malignant hypertension. Other cardiac cases, and patients at risk, such as those
with exercise-induced asthma, obesity, or diabetes, should perform an exercise stress test
under careful medical supervision. Blood pressure and heart rate and the electrocardiogram
(ECG) must be monitored throughout the exercise to confirm their cardiovascular function.

Aerobic or endurance training

In endurance training program, there are three important variables, including frequency,
intensity, and duration. The recommendations by the American College of Sports Medicine
(ACSM) are as follows:

* Frequency — Appropriate frequency of the aerobic exercise should be 3-5 days per week.

¢ Intensity of training—64/70—94% of maximum heart rate (HR max), or 40/50—85% of
maximum oxygen uptake reserve (VO,R) or heart rate reserve (HRR).

* Duration of training—The appropriate duration of training should be intermittent
or continuous aerobic exercise for 20-60 min (minimum of 10-min bouts accumulated
throughout the day).

The duration of training is dependent on the intensity of the exercise. Thus, lower-intensity
exercise should be performed over longer duration (=30 min), and conversely, higher levels of
intensity should be performed at least 20 min or longer. Moderate-intensity exercise of longer
duration is recommended for untrained adults, because total fitness is more readily attained
with exercise sessions of longer duration and because potential hazards and adherence prob-
lems are associated with high-intensity activity.
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Exercise for healthy individuals

Continuously aerobic exercises that use large muscle groups are recommended including
western and eastern style:

Western style
* Cycling
¢ Swimming
¢ Walking
¢ Running
* Jogging
* Aerobic dance/exercise classes
¢ Dancing
¢ Stair climbing
¢ Rowing
* Skating
¢ Jumping rope
¢ Cross-country skiing
Eastern style
e Tai chi
* Yoga
¢ Arm swing exercise (Figure 1)
¢ Wand exercise (Figure 2)
The maximal HR can be calculated by the following formula: HR max =220 — age.

The exercise session should consist of three periods. Starting with a warm-up period of
approximately 10 min which combines calisthenic-type stretching exercises (without equip-
ment). This follows by progressive aerobic activity that should increase the heart rate close to
the prescribed heart rate for the session. Then, endurance training at the targeted heart rate
for 20-60 min is performed and following by a cool-down period of 5-10 min.

Exercise for patients

A less strenuous exercise training regimen must be used, with the training heart rate not
exceeding 50-60% of maximum O,uptake (VO,, ) or a heart rate of 130 beats per minute (/
min). In elderly patients and patients at risk, the intensity, frequency, and duration of therapeu-
tic exercise should be established for each patient individually with medical evaluation before.
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Figure 1. Arm swing exercise.

1 4 ur

Figure 2. Wand exercise.
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Karvonen method should be employed to determine the target heart rate for the ill or elderly
patient: Target HR = (220 —age —resting heart rate x % intensity selected) + resting HR.

Progression

In endurance training, progression can happen by increasing the intensity or the duration.
Several factors affecting the suitable rate of progression including age, current activity levels,
exercise goals, and physiologic limitations should be considered. Most importantly, progres-
sion rate should be used that results in long-term participation. Being too aggressive can
increase dropout rates because of injuries and/or perceived excessive discomfort. In addition,
a progression of balance ability can be enhanced more by the exercise on the unstable support
surface than exercise on the stable support surface.

a) Special techniques There are many special techniques used in exercise therapy [6]

¢ Frenkel’s exercises are used to treat the incoordination which results from many other
diseases, for example, disseminated sclerosis. Dr. H.S. Frenkel was Medical Superinten-
dent of the Sanatorium “Freihof” in Switzerland toward the end of the last century.

* Proprioceptive neuromuscular facilitation (PNF) is an approach in which treatment is di-
rected at a total human being, not just at a specific problem or body segment. This meth-
od was developed by Dr. Herman Kabat and Ms. Margaret Knott in 1946 and 1951 [7].

* Hydrotherapy refers to the use of multi-depth immersion pools or tanks that facilitate the
application of various established therapeutic interventions including stretching, joint
mobilization, strengthening, etc.

* Breathing exercises are designed to retrain the muscles of respiration, improve ventila-
tion, lessen the work of breathing, and improve gaseous exchange and patient’s overall
function in daily living activities.

6. Mechanisms

Uptodate, there are many mechanisms explaining the beneficial effects of exercise therapy.
These include enhancing antioxidant defenses. Very promising are mainly small non-coding
microRNAs (miRNAs).

6.1. Mechanisms that enhance antioxidant defenses

An important mechanism that contributes to many disease is oxidative stress [8], although
exhaustive and/or unaccustomed exercise in both aerobic and anaerobic exercise can gener-
ate excessive reactive oxygen species (ROS) according to mitochondrial enzymes, NADPH
oxidases, and xanthine oxidases. This results in oxidative stress-related tissue damages and
impaired muscle contractility. Moderate exposure to ROS is needed to induce adaptive
responses of the body such as the activation of antioxidant defense mechanisms [9]. Regular
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exercise is well known to benefit health by enhancing antioxidant defenses in the body [10],
thereby leading to a reduced generation of free radicals both at rest and in response to exer-
cise stress. Therefore, exercise training-induced antioxidant activity decreases risk of many
diseases.

In the elderly, sarcopenia is characterized by structural, biochemical, molecular and functional
muscle changes. An imbalance between anabolic and catabolic intracellular signaling path-
ways and an increase in oxidative stress both play important roles in muscle abnormalities.

Regular exercise is promoted as a therapeutic strategy for age-associated endothelial dysfunc-
tion. However, sex was shown to affect the antioxidant response in the elderly. Improvements
in endothelial function are found with endurance exercise in older men, but are reduced or
absent in older women. This may be due to sex hormones modulating vascular adaptations to
exercise training by influencing antioxidant defense systems, mitochondrial function, oxida-
tive stress, and intracellular signaling [11].

6.2. Mechanisms that decrease the risk of developing cancer

In addition, exercise is known to be one of several lifestyle factors that lower the risk of cancer
and is associated with lower relapse rates and better survival. The indirect effects included
changes in vitamin D, weight reduction, sunlight exposure and improved mood. The direct
effects included insulin-like growth factor, epigenetic effects on gene expression and DNA
repair, vasoactive intestinal peptide, and antioxidant pathways, heat shock proteins, testos-
terone, irisin, immunity, chronic inflammation and prostaglandins, energy metabolism and
insulin resistance [12].

6.3. Mechanisms that are responsible to cardioprotection

Importantly, exercise protects cardiovascular system through the modulation of

a) cardiac performance directly,
b) endothelial and vascular functions,

¢) systemic risk factors. Both moderate- and high-intensity exercise training were shown to
improve aerobic capacity of metabolic syndrome patients [13].

Moreover, Wand Exercise which is Thai mode of exercise significantly reduced body mass,
total fat mass, waist and hip circumferences and increased flexibility, functional capacity
(determined by 6MWD), physical health dimension and vitality of mental health dimension
of the QOL [14]. The results showed that Thai Wand Exercise training decreased obesity,
improved physical health status, and vitality. Therefore, this easy and low impact exer-
cise program is a good approach to reduce cardiovascular risks. Data on cardioprotective
effects of low-intensity exercise are controversial. This could be due to the fact that low-
intensity exercise may not meet the recommended minimum threshold of exercise intensity
form improving cardiorespiratory endurance [15]. However, our research group found that
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low-intensity exercise improved aerobic capacity of overweight and normal weight sed-
entary young adults [16]. Exercise also mediated improvement in hyperglycemia-induced
cardiovascular dysfunction in patients with type 2 diabetes [10]. Exercise training also
improved insulin resistance-induced lipotoxicity, mediated protection against pro-inflam-
matory cytokines and improved pro-survival signaling cascade. An appropriate duration
and intensity of exercise can decrease myocardial dysfunction through the improvement
of maximum oxygen consumption (VO2max), left ventricular ejection fraction (LVEF), LV
diastolic and systolic volumes, ventilatory threshold, cardiac output and diastolic function
(E/A ratio) [13, 17-25].

6.4. Mechanisms that improve respiratory function

Exercise training has been shown to improve pulmonary function in patients with type 2 dia-
betes [26]. Exercise training improves exercise tolerance and health-related quality of life in
patients with very severe COPD [27]. RME training led to a significant increase in respiratory
muscle endurance in children with CF [28]. In addition, pulmonary rehabilitation reduced
expiratory flow limitation (EFL) in COPD patients [29].

6.5. Mechanisms that treat orthopedic patients

A systematic review revealed that short-term Traditional Chinese exercise (TCE) was poten-
tially beneficial in terms of reducing pain, improving physical function and alleviating stiff-
ness for patient [30]. In individuals operated with total knee arthroplasty, the 12-month
progressive home exercise program starting 2 months after the operation comparing to usual
care improved maximal gait velocity, cadence and stance time [31]. This may be due to exer-
cise loading in the cartilage-subchondral bone (SB) unit in attenuation of post-traumatic
osteoarthritis development [32].

6.6. Mechanisms that mediate differential expression of microRNAs

MicroRNA is a non-coding RNA which is increasingly interesting from scientists in many
fields including Physical therapist [33]. It has been shown to regulate many process in our
body, for example, muscle-specific miRs (miR-1, miR-133 and miR-499), the vascular wall of
the vascular smooth muscle cells miR-222, EC miR-126, and the pathophysiology of Diabetic
heart disease.

Exercise training, both acute endurance and resistance in healthy male volunteers, was shown
to enhance miR-133 expression in the vastus lateralis muscles [34, 35]. Moreover, endurance
exercise elevated circulating levels of miR-133 in healthy individuals after either an acute bout
of aerobic exercise, or endurance training [36, 37]. Marathon training also increased miR-133
level which is appeared to be associated with improved VO, _ [38]. Similarly, T2DM mice
which did a 10-week swimming exercise had increased miR-133 expression in cardiac tissue.
Their contractile function improved and matrix metallopeptidase-9 (MMP-9), an extracellu-
lar matrix regulator protein decreased [39]. Since miR-133 is reported to be expressed and
enriched in both cardiac and skeletal muscles [40], it is possible that miR-133 is secreted from
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skeletal muscle into the circulation after a bout of exercise, which then travels to the cardio-
myocytes to suppress fibrotic markers and reduce cardiac hypertrophy.

6.7. Mechanisms that treat neurological patients

In Parkinson’s disease patients, aerobic exercise training [28] may be altering central nervous
system pathways that regulate the physiologic or cognitive processes controlling olfaction
[41]. In spinal cord injury patients, the exercise training has been considered to improve spinal
cord function not only through enhancement, compensation, and replacement of the remain-
ing function of nerve and muscle but also improve the function in different levels from end-
effector organ such as skeletal muscle to cerebral cortex through reshaping skeletal muscle
structure and muscle fiber type, regulating physiological and metabolic function of motor
neurons in the spinal cord and remodeling function of the cerebral cortex [42].

7. New biomarkers capable of evaluating exercise performance capacity
and progress in training

1. Blood biomarkers—include glutamine, glutamate, cortisol, IL-6, testosterone, cholesterol,
glucose, leptin, cortisol, ACTH, hematocrit, hemoglobin, norepinephrine, epinephrine, im-
munological parameters, and creatinine kinase.

2. Physiological measurements—include resting heart rate, resting systolic blood pressure,
and resting diastolic blood pressure but not heart rate variability.

3. Psychological measurements—include mood states for tension, fatigue, confusion, reac-
tion time, vigor, anger, and depression. Such parameters may reflect a highly individual
nature of the psychological response to overtraining. However, a trend for impaired sleep
patterns, increased wakefulness, decrements and stability in sleep quality and increased
levels of stress may be observed.

miRNAs meet most of the requirements for good biomarkers, such as easily accessible sample
collection, minimally invasive and remarkable stability in body fluids. In addition, miRNAs
affect many processes and play a crucial role not only in cell differentiation, proliferation
and apoptosis, but also affect extracellular matrix composition and maintaining processes
of homeostasis. They play significant role in the regulation of physiological adaptation to
exercise, such as skeletal muscle and cardiomyocyte hypertrophy, mitochondrial biogenesis,
vascular angiogenesis and metabolic processes [33].

8. Early detection of overtraining

Some patients may perform the prescribed exercise program too hard leading to overtraining
[43, 44]. Such overload can result in fatigue and acute decreases in performance either directly
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after a single intense training session, or following the training. However, in the normal course
of training and recovery, this overload then leads to a positive response, adaptation, and conse-
quent improvement in performance. If the balance between overload and recovery is not man-
aged properly, a positive training response does not occur and performance is not enhanced.
To reach a true diagnosis of overtraining syndrome, it is necessary to exclude the presence of
non-communicable diseases (e.g., disorders involving the thyroid or adrenal gland, anemia,
diabetes, and iron deficiency), infectious diseases (e.g., hepatitis, myocarditis and glandular
fever), and other major disorders or feeding behaviors (e.g., bulimia and anorexia nervosa). In
addition, Psychomotor speed: possibly a new marker for overtraining syndrome.

Additional information

However, up-to-date there has been slight improvement in the tools available for the diagno-
sis of overtraining syndrome [45, 46]

9. Equipment

There are many kinds of equipment for exercise therapy including [7]:

a) Hydrotherapy equipment (tank, bath, chair).

b) Electrotherapy (shortwave medical diathermy, muscle stimulator, interferential therapy
unit, ultrasound therapy unit, transcutaneous nerve stimulation.

¢) Heat and cold therapy equipment (paraffin wax bath, moist heat therapy unit, moist heat
therapy unit, stream/hot pack, infrared lamp).

d) Treatmentequipment (massage cum treatment table, hi-low mat platform, tilt table, activity
mattress, continuous passive motion unit, medicine ball, parallel bar, equilibrium board).

e) Multi exercise therapy unit (complex exercising unit).
f) Shoulder, arm, hand, leg, knee, foot exercise unit.

g) Suspension unit.

h) Mobility aids (Walkers, crutch, cane).

i) Massage: Massage signifies a group of procedures, which are usually done with hand
on the external tissue of the body in a variety of ways either with a curative, palliative or
hygienic point of view.

¢ To improve mobility of the soft tissues.

* To reduce muscle spasm and pain under abnormal conditions.
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e To reduce edema.
¢ To increase circulation.
* To mobilize secretions in the lung.

* To induce local and general relaxations.
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Abstract

Physical therapists often treat cancer patients. Cancer treatment includes chemotherapy,
radiotherapy, and surgery, which are being continuously developed and thus increase
survival of patients with each cancer diagnosis. More specifically, 5-year survival rates
increase with each cancer diagnosis. Cancer patients have many problems including
muscle weakness, pulmonary dysfunction, fatigue, and pain. In the end, patients with
cancer tend to have a decline in activities of daily living (ADL) and quality of life (QOL).
Additionally, cancer patients often have progressive disease, depression, and anxiety.
Physical therapy often helps patients regain strength and physical function and improve
their QOL and independence of daily living that they may have lost due to cancer or its
treatment. Physical therapy has an important role in increasing physical function of can-
cer patients, cancer survivors, and children with cancer. In the future, physical therapy
may be progressively needed for management of cancer patients.

Keywords: physical therapy, cancer, cancer survivor, ADL, QOL

1. Introduction

Cancer and its treatments are associated with a wide range of distressing physical and psy-
chological symptoms that can affect patients for many years following treatment [1]. Many
cancer patients also have physical dysfunction and experience deficits in muscle strength,
flexibility, and endurance as a result of chemotherapy, radiation therapy, and surgery [2].
Physical therapy is a comprehensive, multidisciplinary approach to the evaluation and treat-
ment of patients diagnosed with various forms of cancer. Physical therapy can improve func-
tional problems such as weakness, soft tissue tightness, joint stiffness, fatigue, and swelling
or edema [3, 4]. Physical therapy allows experts to find the best ways for cancer patients to
stay active. Physical therapy-led exercise is clinically effective and can help cancer patients
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improve their quality of life (QOL) [5]. Physical therapy includes stretching, strengthening,
and aerobic exercises for the inpatients, outpatients, and cancer survivors. It often helps
patients regain strength, physical functioning, quality of life, and independence in activi-
ties of daily living (ADL) that they may have lost due to cancer or its treatment. Physical
therapists are available in multiple treatment settings, including preoperative, postoperative,
acute care, nursing home, and inpatient and outpatient rehabilitation. Physical therapists also
work in conjunction with the rehabilitation team to design components of a survivorship care
plan in order to optimize overall functional outcomes (Figure 1) [6]. Cancer has four stages,
and cancer patients have differences in disease and disabilities during each stage (Table 1).
Physical therapists often use four cancer rehabilitation stages and identify the stage before
physical therapy for cancer patients (Table 2) [7]. There are different approaches for therapy
of cancer patients during each stage.

Physical T
therapists .
.,
g .
Oecupational e e
therapist social ok
{ i 1
Phovsici ! _ 1 Psychaologist, /
ys!c"an | Palients _.I newropsychologisl
| A A |
Neuroupsychoralogist Paychiatrist
"'.\ /"/.
. )
Orthiopedist Speech pathologist
Figure 1. Rehabilitation team for cancer patients.
Stage Characteristics
Stage 1 Cancer is relatively small and contained within the organ it originated from. This stage describes

cancer in situ, which means “in place.” Stage 1 cancers have not spread to nearby tissues. This stage of
cancer is often highly curable, usually by removing the entire tumor with surgery

Stage 2 Cancer has not started to spread into surrounding tissue but the tumor is larger than in Stage 1.
Sometimes, Stage 2 means that cancer cells have spread into lymph nodes close to the tumor. At this
stage, cancer or tumor is relatively small and has not grown deeply into the nearby tissues. It also has
not spread to the lymph nodes or other parts of the body. It is often called an early-stage cancer

Stage 3 Cancer is larger. It may have started to spread into surrounding tissues, and cancer cells may be
present in the lymph nodes of the area. This stage indicates larger cancers or tumors

Stage 4 Cancer has spread from where it started to another organs or parts of the body. This is also called a
secondary, advanced, or metastatic cancer

Table 1. Cancer stage.
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Stage

(1) Preventive

Intervention focused on improving the patient’s level of function prior to the onset of the effects of the cancer and its
treatment, patient education, and psychological support

(2) Restorative rehabilitation

Intervention focused on returning the patient to a previous level of function and addressing impairments from
cancer and its treatment

(3) Supportive rehabilitation

Intervention is meant to assist the cancer patient to function at the highest level within the context of his or her
impairments, activity limitations, and participation restrictions

(4) Palliative rehabilitation

Intervention focused on minimizing complications such as pressure ulcers, contractures, and muscle deconditioning
ensuring adequate pain control and emotional support for the family

Table 2. Four cancer rehabilitation stages.

This chapter introduces overview, treatment, common dysfunctions, physical therapy assess-
ment, physical therapy, key points in diagnosis, and palliative care of following cancer types:
breast cancer, gynecologic cancers, brain tumor, head and neck cancer, lung cancer, esopha-
gus cancer, bone cancer, and blood cancer. This chapter also shows the important role of
physical therapy in cancer patients.

2. General concept of physical therapy

Physical therapists must undergo assessment based on the International Classification of Func-
tioning, Disability and Health (ICF) model before, during, and after physical therapy for each
cancer patient (Figure 2). ICF enables physical therapist to provide cancer patients with therapy.
Cancer patients have many problems caused by cancer treatment or cancer itself. Physical ther-
apy assessment should include manual muscle testing (MMT), range of motion (ROM), balance
test, endurance test, and ADL test. Performance status (PS; Table 3) [8], Palliative Performance
Scale (PPS; Table 4) [9], Barthel index (BI) [10], functional independence measure (FIM) [11, 12],
and QOL are also used as assessment tools for cancer patients. Physical therapists should be
aware that cancer patients are exposed to various risks such as infectious diseases due to immu-
nosuppressive effects of the treatment. Thus, physical therapists must manage risks that are
related to cancer and its treatment (Table 5) [13]. Additionally, physical therapists must recog-
nize that cancer is a progressive disease. In general, cancer patients have a gradual decline in
their physical function. Once a goal is set, physical therapists must be aware of cancer progres-
sion and patients’ prognosis [14]. Physical therapists also must know a variety of other problems
that occur in cancer patients. Cancer patients might not only have physical function problems
but may also develop depression and anxiety in the future [15]. Cancer patients might feel the
fear of cancer recurrence or death. Physical therapy may be effective in reducing fatigue, increas-
ing muscle strength and exercise capacity, and improving QOL in various cancer patients.
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Figure 2. International Classification of Functioning, Disability, and Health.
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Grade ECOG performance status

0 Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or
sedentary nature, e.g., light house work, office work

2 Ambulatory and capable of all self-care but unable to carry out any work activities. Up and about more
than 50% of waking hours

3 Capable of only limited self-care, confined to bed or chair more than 50% of waking hours

4 Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair

5 Dead

Table 3. Performance status (PS).

PPS level

Ambulation

Activity and evidence
of disease

Self-care

Intake

Conscious level

100

90

80

70

60

Full

Full

Full

Reduced

Reduced

Normal activity and
work no evidence of
disease

Normal activity and
work

Some evidence of
disease

Normal activity with
effort Some evidence
of disease

Unable normal job/
work Significant
disease

Unable hobby/house
work Significant
disease

Full

Full

Full

Full

Occasional
assistance
necessary

Normal

Normal

Normal or reduced

Normal or reduced

Normal or reduced

Full

Full

Full

Full

Full or confusion
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PPS level Ambulation Activity and evidence Self-care Intake Conscious level
of disease
50 Mainly sit/lie Unable to do any work Considerable Normal or reduced  Full or confusion
Extensive disease assistance required
40 Mainly in bed Unable to do most Mainly assistance ~ Normal or reduced  Full or drowsy +
activity Extensive confusion
disease
30 Totally bed Unable to do any Total care Normal or reduced  Full or drowsy +
bound activity Extensive confusion
disease
20 Totally bed Unable to do any Total care Minimal to sips Full or drowsy +
bound activity Extensive confusion
disease
10 Totally bed Unable to do any Total care Mouth care only Drowsy or coma
bound activity Extensive + confusion
disease
0 Death

'PPS scores are determined by reading horizontally at each level to find a “best fit” for the patient who is then assigned
as the PPS% score.

*Begin at the left column, read downward until the appropriate ambulation level is reached, and then read across to the
next column and downward again until the activity/evidence of disease is located. These steps are repeated until all five
columns are covered before assigning the actual PPS for that patient. In this way, “leftward” columns (columns to the left
of any specific column) are “stronger” determinants and generally take precedence over others.

3PPS scores are in 10% increments only. Sometimes, there are several columns easily placed at one level but one or two
which seem better at a higher or lower level. One then needs to make a “best fit” decision. Choosing a “halfwit” value
of PPS 45%, for example, is not correct. The combination of clinical judgment and “leftward precedence” is used to
determine whether 40% or 50% is the more accurate score for that patient.

Table 4. Palliative Performance Scale (PPSv2).

1. Hematologic profile: hemoglobin <7.5 g, platelets <20,000, white blood cell count <3000
2. Metastatic bone disease
3. Compression of a hollow viscous (bowel, bladder, or ureter) vessel or spinal cord

4. Fluid accumulation in the pleura, pericardium, abdomen, or retroperitoneum associated with persistent pain,
dyspnea, or problems with mobility

5. CNS depression or coma or increased intracranial pressure

6. Hypokalemia/hyperkalemia, hyponatremia, or hypocalcemia/hypercalcemia
7. Orthostatic hypotension

8. Heart rate in excess 110 beat/min or ventricular arrhythmia

9. Fever greater than 101°F

Table 5. Precaution rehabilitation for cancer patients.

99



100 Clinical Physical Therapy

3. Physical therapy in cancer patients

3.1. Breast cancer
3.1.1. Overview

Breast cancer is the most common invasive cancer in women worldwide [16]. Breast cancer
alone accounts for 25% of all cancer cases and 15% of all cancer deaths among women [17].
Breast cancer starts when cells in the breast begin to grow out of control. These cells usually
form a tumor that can be often seen on an X-ray or felt as a lump. Breast cancer can develop
following changes in genetic material leading to cellular changes that causes cells to start
multiplying in an uncontrolled fashion, forming lumps or nodules.

3.1.2. Treatment

In general, breast cancer patients have few treatment options such as surgery (breast-
conserving surgery and mastectomy), radiation therapy, chemotherapy, and hormone
therapy [18, 19]. In some cases, lymph nodes located close to the affected breast need to be
surgically removed.

3.1.3. Common dysfunctions in breast cancer

Muscle weakness around the shoulder joint, decline of ADL using upper extremities, dizziness,
loss of appetite, shortness of breath, depression are present in a substantial majority of patients
during or after their initial treatment (surgery, radiation, and/or chemotherapy) [20, 21]. Physical
therapists must pay attention to the occurrence of musculoskeletal disorders and lymph vas-
cular disorders following breast surgery. Musculoskeletal disorders include postsurgical pain,
rotator cuff disease, and adhesive capsulitis [22]. Lymph vascular disorders are common after
removal of lymph nodes [23]. As a result, breast cancer patients have limited range of motion,
muscle weakness, pain, and ADL decline such as difficulties while brushing hair or taking off
the jacket. In some cases of breast cancer, cellulitis occurs that can become a potentially serious
bacterial skin infection [21, 24].

3.1.4. Physical therapy assessment

Physical therapy assessment of cancer patients includes the ICF, examination of shoulder
ROM, MMT, pain levels, fatigue, upper limb volume, an upper limb disability questionnaire,
and QOL evaluation. Additionally, in the cases of breast cancer patients, physical therapists
assess exercise tolerance.

3.1.5. Physical therapy

Many previous studies showed that physical therapy has effectiveness in breast cancer patients
[25, 26]. In general, combined physical therapy is effective to treat postoperative lymphedema,
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pain, and impaired ROM after treatment for breast cancer [26]. Physical therapy for breast
cancer patients includes lymphatic drainage massage, vantage, manual stretching, myofascial
therapy, relaxation massage, stretching, strengthening, resisted exercise, proprioceptive neu-
romuscular facilitation (PNF) exercises, isometric exercises, aerobic exercises, transcutaneous
electrical nerve stimulation (TENS), heat and cold, patient education, and behavioral training.
Breast cancer patients also receive ADL training such as bathing, showering (washing the
body), and dressing.

3.1.6. Key points

Physical therapists should improve mobility of upper extremities with a reduction of their
volume. This should be followed by an attempt to recover upper limb function in ADL.

3.2. Gynecologic cancers
3.2.1. Overview

Gynecologic cancers accounted for 19% of the 5.1 million estimated new cancer cases and 13
million 5-year prevalent cancer cases among women in the world in 2002 [27]. Gynecologic
cancer is described as the uncontrolled growth and spread of abnormal cells originating in
the female reproductive organs. They are found in different places within a woman'’s pelvis,
which is the area below the stomach and in between the hip bones. Five main types of gyne-
cologic cancers are present: cervical, ovarian, uterine, vaginal, and vulvar.

3.2.2. Treatment

In general, gynecologic cancers can be cured with aggressive treatment involving surgery,
chemotherapy, and/or radiation. Treatment goal in recurrent and metastatic cancer is to
decrease progression of the disease [28, 29].

3.2.3. Common dysfunctions in gynecologic cancer

Weakness of pelvic floor muscles, decline in ADL, dizziness, loss of appetite, shortness of
breath, depression are the symptoms present in a substantial majority of patients during or
after their initial treatment (surgery, radiation, and/or chemotherapy) [30]. Lower extremity
weakness often occurs in gynecologic cancer patients; thus, locomotion disability is common
[31]. Physical therapists must pay attention to occurrence of musculoskeletal and lymph vas-
cular disorders at the lower extremities following gynecologic surgery [32]. Lymphovascular
disorders cause problems after removal of lymph nodes [33]. As a result, patients experience
limited ROM, muscle weakness, pain, and decline in ADL.

3.2.4. Physical therapy assessment

First, physical therapists should assess pelvic floor muscle strength as gynecologic cancers
have urinary incontinence after the treatment [34, 35]. Second, physical therapists should
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assess ICF category: lower extremities such as hip, knee, and ankle ROM; MMT; assessment
of pain levels; fatigue; upper limb volume; locomotion ability such as gait speed; balance
function; QOL; ADL; and sexual function [36]. Additionally, physical therapists should assess
exercise tolerance.

3.2.5. Physical therapy

A few previous reports showed that physical therapy has a positive effect on gynecologic
cancer patients [37]. Physical therapists should perform pelvic floor physical therapy as a
tool to aid in addressing pelvic floor symptoms [37]. In general, physical therapy for gyne-
cologic cancer patients includes locomotion ability exercises such as standing and walking,
lymphatic drainage massage, vantage, manual stretching, myofascial therapy, relaxation
massage, stretching, strengthening, resisted exercise, PNF, aerobic exercise, TENS, patient
education, and behavioral training.

3.2.6. Key points

Physical therapists should improve muscle strength of lower extremities and reduce their
volume as soon as possible. This should be followed by acquiring locomotion.

3.3. Brain tumor
3.3.1. Overview

The worldwide cancer incidence of a malignant brain tumor is 3.4 per 100,000 for men and 3.0
per 100,000 for women [38]. Brain tumor is the most common neurological complication related
to cancer [39]. Brain tumors can originate from the patient’s brain (primary brain tumors) or
from other parts of the patient’s body (secondary or metastatic brain tumors) [40, 41]. Brain
tumors can destroy brain cells, increase inflammation, and elevate brain pressure. Brain tumors
may cause a wide range of neurological dysfunctions, including disorders of the nervous
system.

3.3.2. Treatment

In general, treatment options include surgery, radiation therapy, chemotherapy, targeted bio-
logical agents, or a combination of these [42]. Surgical resection is commonly the first recom-
mended treatment in order to rapidly reduce brain pressure.

3.3.3. Common dysfunctions in brain tumor

Brain tumor patients commonly experience weakness, sensory loss, and abnormal muscle
tone. These include spasticity, visuospatial deficits, hemi-neglect or bilateral visual deficits,
ataxia, cognitive deficits (thought processes, memory changes, apraxia, etc.), speech difficul-
ties, dysphagia, bowel and bladder dysfunction, psychological problems, and fatigue. As a
result, ADL decline and lower QOL are common in brain tumor patients [43, 44].
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3.3.4. Physical therapy assessment

Physical therapists often assess ICF category, Glasgow Coma Scale, Mini-Mental State Exam-
ination, Fugl-Meyer, Motor Assessment Scale, Motricity Index, Berg Balance Assessment, Beck
Depression Inventory (BDI), and Hospital Anxiety and Depression Scale (HADS). They examine
pain levels and locomotion ability such as gait speed, QOL, and sexual function. Additionally,
physical therapists should assess exercise tolerance in brain tumor patients [45, 46].

3.3.5. Physical therapy

To date, no previous study has reported positive effects of physical therapy in adult brain
tumor patients. However, a few reports showed that physical therapy may be effective in
pediatric brain tumor patients [47]. In general, physical therapy performed in brain tumor
patients is also performed in stroke patients [48]. It includes neurofacilitation techniques such
as Bobath, PNF, Brunnstrom, motor relearning, functional electrical stimulation (FES), bio-
feedback, balance retraining, gait reeducation, and use of supportive equipment. Physical
therapists must be aware of the progress of paralysis in brain tumor patients as a result of
increasing tumor size. Physical therapists should know how to improve convalescence of the
brain. Additionally, cognitive dysfunction, apraxia, and aphasia should be assessed [49].

3.3.6. Key points

Physical therapists should aim to treat paralysis and improve ADL as soon as possible.
Attention should be paid to progressive paralysis in brain tumor patients.

3.4. Head and neck cancer
3.4.1. Overview

Overall, the annual incidence of head and neck cancer worldwide is more than 550,000 cases
with around 300,000 deaths [50]. Men are affected significantly more than women [51]. Head
and neck cancer includes cancers of the mouth, nose, sinuses, salivary glands, throat, and
lymph nodes in the neck. Most originate from the moist tissues that line the mouth, nose, and
throat. Head and neck cancers can also originate within the salivary glands. Salivary glands
contain many different types of cells that can become cancerous leading to many different
types of salivary gland cancers.

3.4.2. Treatment

Treatment options include surgery, radiation therapy, chemotherapy, and targeted therapy
[52]. Surgery or radiation therapy alone or a combination of these treatments may be part of
a patient’s treatment plan [53]. Tracheostomy is performed when there are concerns about
breathing due to airway obstruction associated with a throat cancer or treatment side effects
[54]. Nutritional status of patients declines following tracheostomy. As patients are not able
to eat, they usually receive intravenous feeding.
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3.4.3. Common dysfunctions in head and neck tumor

Aspiration pneumonia after concurrent chemoradiation therapy and surgery is seen in
head and neck cancer patients [55]. Most patients have dysphagia and are at increased
risk of having aspiration and subsequent pneumonia [56]. Additionally, physical thera-
pists must be aware of the decline in nutritional status after surgery or chemoradiation in
these patients [57]. Paralysis of accessory nerve that causes trapezius muscle dysfunction
is often seen following neck dissection [58]. This dysfunction leads to shoulder syndrome
with adhesive capsulitis. Muscle weakness, decline of ADL, dizziness, loss of appetite,
shortness of breath, depression are observed in a substantial majority of patients dur-
ing or after their initial treatment (surgery, radiation, and/or chemotherapy) [59]. Upper
and lower extremities tend to be weaker following long-term bedridden and sedentary
treatment.

3.4.4. Physical therapy assessment

General pulmonary function tests are performed: spirometry; breathing pattern and cough;
breath sounds including wheezing, coarse crackles, fine crackles, and rhonchi; and posture
deformities in the chest or the spine; dysphagia evaluation; and ADL. Additionally, physical
therapists should perform exercise tolerance test in gynecologic cancer patients. Furthermore,
physical therapists should assess shoulder function including strength, mobility, and pain
after surgery or chemoradiotherapy. Physical therapists often assess ICF category and lower
and upper joint ROM; perform MMT; and evaluate pain levels, fatigue, and locomotion abil-
ity such as gait speed, balance function, and QOL.

3.4.5. Physical therapy

Physical therapy of the arms is performed to improve locomotion and pulmonary dysfunc-
tion. Some previous reports showed that physical therapy has effectiveness in head and
neck cancer patients [60, 61]. When patients have paralysis of the accessory nerve, phys-
ical therapists perform exercises for the trapezius muscle to reduce its dysfunction [62].
Additionally, physical therapy of head and neck cancer patients includes locomotion ability
exercises such as standing and walking, massage, manual stretching, myofascial therapy,
relaxation massage, stretching, strengthening, resisted exercise, PNF, aerobic exercise,
TENS, patient education, and behavioral training [63, 64]. However, if patients are fasting
and have aspiration, they may have lower nutritional status requiring physical function
recovery to be delayed.

3.4.6. Key points

Physical therapists must recognize that head and neck cancer patients tend to experience
decline of the pulmonary function and paralysis of accessory nerve following the neck sur-
gery. Physical therapists should recover pulmonary and shoulder function and improve ADL
in such patients.
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3.5. Lung cancer
3.5.1. Overview

Lung cancer is the most frequently diagnosed cancer worldwide with about 1.35 million new
cases diagnosed each year [65]. Lung cancer starts with uncontrollable growth of abnormal
cells in the lung. These cells can invade nearby tissues and form tumors. Lung cancer can start
anywhere in the lungs and affect any part of the respiratory system. Cancer cells can spread,
or metastasize, to the lymph nodes and other parts of the body. There are two main types of
lung cancer: small-cell lung cancer (SCLC) and non-small-cell lung cancer (NSCLC). Small-
cell lung cancers usually grow quicker and are more likely to spread to other body parts.
Non-small-cell lung cancer accounts for about 85% of all lung cancer cases, whereas small-cell
lung cancer accounts for about 15% of all lung cancer cases [50, 66].

3.5.2. Treatments

Lung cancer treatment depends on its type. Small-cell lung cancer is mostly treated with
chemotherapy [67]. Non-small-cell lung cancer can be treated with surgery, chemotherapy,
radiotherapy, or a combination of these depending on the stage at which the cancer is diag-
nosed [68, 69].

3.5.3. Common dysfunctions in lung cancer

When lung cancer treatment involves chemotherapy only, patients experience a decrease in
physical function including decreased muscle strength and flexibility, which is also observed
before the treatment. However, if lung cancer patients receive surgery, they encounter more
problems than without the surgery. These problems include pulmonary dysfunction and
decline of locomotion and ADL. Additionally, lung cancer patients experience pain of a surgi-
cal wound following thoracotomy and costectomy. Muscle weakness, decline of ADL, diz-
ziness, loss of appetite, shortness of breath, and depression occur in a substantial majority
of patients during or after their initial treatment (surgery, radiation, and/or chemotherapy).
Upper and lower extremity and trunk muscle strength decreases following long-term bedrid-
den and sedentary treatment.

3.5.4. Physical therapy assessment

General pulmonary function tests include spirometry; breathing pattern and cough; breath
sounds like wheezing, coarse crackles, fine crackles, and rhonchi; postural deformities in
the chest or the spine; and dysphagia evaluation on ADL [70, 71]. Additionally, physical
therapists should assess exercise tolerance and shoulder function including its strength,
mobility, and pain following surgery or chemoradiotherapy in patients with lung cancer.
Physical therapists often assess ICF category and lower and upper joint ROM; perform
MMT; and assess pain levels, fatigue, and locomotion ability such as gait speed, balance
function, and QOL.
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3.5.5. Physical therapy

Physical therapy of the arms is done in order to improve locomotion and pulmonary dys-
function after the treatment [72]. Some previous studies reported that preoperative physical
therapy has effectiveness in lung cancer patients [73, 74]. Intensive physical therapy appears
to increase oxygen saturation, reduce hospital stay, and change ventilation/perfusion distri-
bution in lung cancer patients [73]. Following surgery with resection, physical therapists pro-
mote mobilization starting at the intensive care unit (ICU) because lung cancer patients tend
to be sedentary leading to progressive decline in their physical function. Physical therapy
for lung cancer patients includes massage, manual stretching, myofascial therapy, relaxation
massage, stretching, strengthening, resisted exercise, PNF, aerobic exercise, TENS, patient
education, and behavioral training.

3.5.6. Key points

Physical therapists should prevent development of further weakness after the treatment.
Following surgery, physical therapists must make lung cancer patients perform pulmonary
and mobilization exercises as soon as possible.

3.6. Esophageal cancer
3.6.1. Overview

Esophageal carcinoma affects more than 450,000 people worldwide, and the incidence is rap-
idly increasing [75]. Esophageal cancer is a disease in which malignant (cancer) cells form in
the tissues of the esophagus. The most common types of esophageal cancer are squamous cell
carcinoma and adenocarcinoma. Smoking and heavy alcohol use increase the risk of esoph-
ageal squamous cell carcinoma [76]. Esophageal cancer is often diagnosed at an advanced
stage because there are no early signs or symptoms. A cancerous tumor is malignant, meaning
it can grow and spread to other parts of the body. Esophageal cancer can also spread into the
lungs, liver, stomach, and other parts of the body.

3.6.2. Treatment

Chemotherapy, radiotherapy, and surgery are often used as treatments for esophageal can-
cers [77]. Chemotherapy by itself rarely is effective. It is often combined with radiation ther-
apy. Chemoradiation is often used before the surgery aiming to remove the cancer and some
of the normal surrounding tissues. In some cases it might be combined with other treatments,
such as chemotherapy and/or radiation therapy [78].

3.6.3. Common dysfunctions in esophageal cancer

If esophageal cancer patients receive chemotherapy or radiotherapy alone, they tend to have
decreased physical function including loss of muscle strength and flexibility which is also
observed before treatment. However, if surgery is performed, patients have more problems
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than without surgery, including pulmonary dysfunction and decline of locomotion and ADL.
Following surgery, patients have to stay in ICU for few days. During this period, patients
may develop a decline in pulmonary function and as a result, they may be intubated for a
long time. Additionally, fasting is common for a few weeks until patients can eat food without
aspiration. Muscle weakness, decline of ADL, dizziness, loss of appetite, shortness of breath,
depression are observed in a substantial majority of patients during or after their initial treat-
ment (surgery, radiation, and/or chemotherapy). Upper and lower extremity and trunk mus-
cle strength decreases following long-term bedridden and sedentary treatment.

3.6.4. Physical therapy assessment

General pulmonary function tests should be performed in cancer patients. This includes
spirometry; breathing pattern and cough; breath sounds like wheezing, coarse crackles, fine
crackles, and rhonchi; and postural deformities in the chest or the spine. Evaluation of dys-
phagia on ADL should be also often assessed. Additionally, physical therapists should assess
exercise tolerance in esophageal cancer patients and shoulder function including strength,
mobility, and pain after surgery or chemoradiotherapy in patients with esophageal cancers.
Physical therapists often assess ICF category and lower and upper joint ROM; perform MMT;
and assess pain levels, fatigue, and locomotion ability such as gait speed, balance function,
and QOL [79].

3.6.5. Physical therapy

To date, there are no previous studies reporting that physical therapy is effective in esophageal
cancer patients. In general, physical therapy has few aims in these patients. First, performance
of pulmonary exercises including positioning and breathing exercises promotes weaning of
the ventilator and extubating. Second, improvement of locomotion promotes mobilization in
patient’s bedside [80]. Third, physical therapy aims to improve muscle strength and exercise
tolerance during hospitalization. Physical therapy often includes massage, manual stretch-
ing, myofascial therapy, relaxation massage, stretching, strengthening, resisted exercise, PNF,
aerobic exercise, TENS, patient education, and behavioral training.

3.6.6. Key points

Physical therapists should aim to prevent further weakness after the treatment. Following
surgery, physical therapists must make patients perform pulmonary exercise and mobiliza-
tion as soon as possible.

3.7. Bone cancer
3.7.1. Overview

The age-adjusted incidence rate of primary malignant bone tumors in the United States is
0.9 per 100,000 persons per year, accounting for approximately 0.2% of all malignancies [81].
Bone cancer is a rare form of cancer that can affect any bone in the body. Bone cancer is a
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cancer that arises from the cells that make up the bones. When cancer is detected in the bone,
it most often has started somewhere else (e.g., in another organ) and then spread to the bones.
This is known as cancer that has metastasized to the bone and is named after the site where
the original cancer began. Bone cancer can vary widely from person to person depending on
its location and size. The most common type of malignant bone tumor is osteosarcoma, which
most often develops in the bones of the arms, legs, and pelvis. Other types of bone cancer
include the following: chondrosarcoma, Ewing’s tumor, chordoma, fibrosarcoma, giant cell
tumor, and malignant fibrous histiocytoma [82].

3.7.2. Treatment

Treatment includes surgery, chemotherapy, and radiation therapy [83, 84]. Amputation may
be necessary if limb-sparing surgery is not possible or had no positive outcomes [85].

3.7.3. Common dysfunctions in bone cancer

Chemotherapy or radiotherapy alone results in and improvement of physical function includ-
ing muscle strength and flexibility. However, if bone cancer patients received surgery, they
could develop some problems. Patients may have pain and weakness of the affected limb and
may have restricted weight bearing and movement of limbs or the spine. In addition, when
amputation of the arm, leg, hand, or foot is performed, patients become more physically
disabled. Bone cancer patients with spine tumor, paraplegia, or quadriplegia have declined
motor and sensory function in addition to bladder and bowel dysfunction [86].

3.7.4. Physical therapy assessment

Physical therapists should often assesses ICF category; pain levels; affected bone tumor;
ROM; MMT; fatigue; ADL; and locomotion ability such as gait speed, balance function, and
QOL. Physical therapists should be aware of motion and weight-bearing restrictions that
occur after the surgery. In case of amputation, physical therapists should assess phantom
limb pain, muscle strength, and mobility of the affected limb. Patients with spine tumor
have paralysis; hence, physical therapists should use the American Spinal Injury Association
(ASIA) scores for evaluation of sensory function, strength, mobility, and pain after the surgery
or chemoradiotherapy.

3.7.5. Physical therapy

To date, there are no previous studies reporting that physical therapy is effective in bone can-
cer patients. In general, physical therapists must pay attention to fragile bones. Bone tumors
make bones easy to fracture with vigorous movements. Physical therapy differs depending
on the treatment of bone cancer. When bone cancer patients receive chemotherapy and radio-
therapy only, muscle strengthening and endurance exercises are performed. However, when
patients receive surgery, physical therapists must pay attention to contraindicative exercises.
When patients receive amputation, limb prosthetics should be considered by the physiothera-
pist together with a prosthetist and an orthotist. In bone cancer patients with paraplegia such
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as bone tumor in the spinal cord, physical therapy is carried out in accordance with physical
therapy of spinal cord injury. Otherwise, physical therapy often includes stretching, strength-
ening, resisted exercise, PNF, aerobic exercise, patient education, and behavioral training.

3.7.6. Key points

Physical therapists must know the location and progression of bone tumor as it is an impor-
tant factor allowing improvement of physical function after treatment.

3.8. Blood cancer including hematopoietic stem cell transplantation (HSCT)
3.8.1. Overview

The number of new cases of leukemia is 4.5-9.1 per 100,000 men and 3.6-6.0 per 100,000
women per year [50]. Blood cancer affects the blood and lymph systems. Bone marrow has
a function of producing blood cells such as red blood cells, white blood cells, and platelets.
Bone marrow is a flexible soft tissue found in the hollow interior of the bones. Blood cancer
may begin in blood-forming tissue (e.g., bone marrow) or in the cells of the immune system.
There are different types of hematological cancers including leukemia, non-Hodgkin lym-
phoma, Hodgkin lymphoma, and multiple myeloma. Leukemia is a cancer that originates in
the white blood cells and affects people of all ages [87].

3.8.2. Treatment

In general, blood cancer treatment includes chemotherapy, corticosteroids, radiation, and
HSCT.

3.8.3. Common dysfunctions in blood cancer

First, blood cancer patients that have received chemotherapy experience a decrease in physi-
cal function including muscle strength and endurance capacity. Second, if complete remission
is not achieved after chemotherapy, HSCT has to be chosen. In this case, patients experi-
ence even more decreased muscle strength and endurance capacity as they have to stay in a
hospital for a few weeks [88, 89]. Hospitalized patients often have graft-versus-host disease
(GVHD). GVHD normally affects the skin, liver, and gastrointestinal system resulting in fur-
ther dysfunctions. Furthermore, following HSCT treatment, patients must stay in the isola-
tion room to prevent infection; hence, a decrease in physical activity during these days will
occur [90].

3.8.4. Physical therapy assessment

Physical therapists should assess muscle strength, body composition, mobility, and endur-
ance capacity in blood cancer patients. Physical therapists often assess ICF category, lower
and upper joint ROM, balance function, MMT, fatigue, and locomotion ability such as gait
speed, balance function, and QOL [91-94].
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3.8.5. Physical therapy

Physical therapy focused on the arms is performed in order to improve locomotion and mus-
cle strength after treatment. Some previous reports showed that physical therapy is effec-
tive in pediatric leukemia patients [95, 96]. Additionally, some previous reports showed that
physical therapy is effective in patients with HSCT [90, 97]. Following HSCT, physical thera-
pists must wear a mask, plastic grove, and apron during physical therapy. The most common
physical therapy of blood cancer includes massage, manual stretching, myofascial therapy,
relaxation massage, stretching, strengthening, resisted exercise, PNF, aerobic exercise, bal-
ance training, TENS, patient education, and behavioral training.

3.8.6. Key points

Physical therapists should aim to increase muscle strength and exercise capacity in blood can-
cer patients. Additionally, physical therapists must be aware that patients may have myelo-
suppression as a result of chemotherapy. Physical therapy should be performed in such a way
that it prevents infection in these patients.

3.9. Palliative care in cancer

Palliative care helps people cope with the symptoms of cancer and cancer treatment [98].
Palliative care aims to improve the quality of life of patients who have serious or life-
threatening diseases [99]. The goal of palliative care is to prevent or treat the symptoms
and side effects of the disease and its treatment in addition to related psychological, social,
and spiritual problems [100]. However, the main goal is not to cure patients [101]. When
many different treatments have been tried and showed no control over cancer, it could be
the time to weigh the benefits and risks of continuing trying new treatments. Palliative care
provides patients of any age or disease stage with relief from symptoms, pain, and stress
and should be provided along curative treatment. Palliative care focuses on helping people
get relief from symptoms caused by serious illness (e.g., nausea, pain, fatigue, or shortness
of breath) [102].

3.9.1. Treatment

Palliative treatment is designed to relieve symptoms and often includes medication, nutri-
tional support, relaxation techniques, spiritual support, emotional support, and other thera-
pies [103, 104]. Palliative treatment improves patient’s quality of life. It can be used at any
stage of an illness and also if there are troubling symptoms such as pain or sickness. Palliative
treatment can also mean using medicines to reduce or control side effects of cancer treatments.

3.9.2. Common dysfunctions in palliative care in cancer patients

Cancer patients have many problems making palliative care a good additional treatment
option. Patients have many symptoms including pain, fatigue, loss of appetite, nausea,
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vomiting, shortness of breath, insomnia, thirst, dry mouth, bad taste, and difficulty swal-
lowing. Gradually, patients may become bedridden and sedentary. Patients usually have
a bigger decrease in muscle strength, pulmonary function, ADL, and locomotion after they
received palliative care. In some cases, cancer patients have lymphedema. Unfortunately,
patients may die in a few weeks or months.

3.9.3. Physical therapy assessment

Physical therapists should often assess ICF category, pain levels, ROM, MMT, fatigue, ADL,
and QOL. Additionally, physical therapists should perform pulmonary function tests includ-
ing spirometry; breathing pattern; cough; breath sounds such as wheezing, coarse crackles,
fine crackles, and rhonchi; and postural deformities in the chest or the spine and evaluate
dysphagia on ADL. If cancer patients become bedridden for a long time, physical therapists
should assess pressure ulcers at the sacrum and coccyx.

3.9.4. Physical therapy

A few previous reports showed that physical therapy may be effective in cancer patients who
receive palliative care [105, 106]. In general, physical therapy helps to maintain mobility and
improves body movements [7, 107]. Physical therapists improve locomotion ability by exer-
cises that include standing and walking, massage, manual stretching, strengthening, resisted
exercises, aerobic exercises, patient education, and behavioral training. If patients have severe
pain related to cancer, physical therapy includes myofascial therapy, relaxation massage,
TENS, heat and cold, and positioning. If patients are bedridden or sedentary for a long time,
physical therapists should relieve pressure to prevent pressure ulcers on bones such as the
sacrum and coccyx.

3.9.5. Key points

Physical therapists must be aware that cancer patients experience more fatigue and pain
while improving their locomotion. When cancer patients cannot receive progressive physical
therapy, physical therapists should use myofascial therapy, relaxation massage, TENS, heat
and cold, and positioning to relieve pain.

4. Summary and conclusion

Cancer patients have some physical impairment. Physical therapy is helpful and contributes
to patients’ recovery. Cancer patients are exposed to some risk factors during physical ther-
apy. Therefore, physical therapists must pay attention and manage those risk factors. Cancer
survivors increase 5 years of survival in various cancer diseases. Physical therapy may have
an important role to improve physical function, ADL, and QOL of cancer patients and cancer
survivors.
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Abstract

Chronic venous insufficiency (CVI) is a common medical condition with major socioeco-
nomic impact. Prevalence in adult population is estimated to be 5-30%. Its pathology is
based on venous hypertension on the lower extremities. This results in edema, subcutaneous
fibrosis, pigmentation, chronic pain and ulceration. The severity of chronic venous disease is
closely related to the magnitude of venous hypertension. Treatment options for CVI include
medical, interventional, surgical and physical treatments. The initial management of CVI
involves conservative approaches to reduce symptoms and prevent development of second-
ary complications and progression of disease. It includes the elevation of the limb together
with the supportive methods, pharmacotherapy and structured exercise program, as well
as complex decongestive physiotherapy (CDP), intermittent pneumatic compression (IPC),
compression stocking (CS), patient education and kinesio tape. CVI is a chronic disease that
needs a lifelong care. In this review, we present a discussion about pathophysiology and risk
factors for CVI development and conservative treatment options.

Keywords: chronic venous insufficiency, conservative treatment, compression, exercise

1. Introduction

Chronic venous insufficiency (CVI) is described as the inadequacy of the venous system to
return blood to the heart [1]. It is common condition which affects many people around the
world [2] and denotes some symptoms ranging from minor reticular veins to serious skin
changes such as lipodermatosclerosis or venous leg ulcers [1, 3].

CVIis commonly seen in lower limbs. The prevalence of CVI varies in the populations, but it is
reported that the prevalence of CVI ranges between 25 and 40% and 10 and 20% in women and
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men, respectively [4-6]. Because of its clinical characteristics, it restricts individual’s daily activi-
ties and has great impact on physical and psychosocial status, as well as socioeconomic status [7].

There are many treatment options such as medical, pharmacological and conservative meth-
ods used in CVI. Among these, because of being invasive and causing less adverse effects than
other methods, conservative approaches are commonly used to treat CVI [8]. On account of
this, we aimed to give information about the conservative approaches used in the treatment
of CVIin this chapter. However, due to the different structure of the venous system, to under-
stand the effectiveness of the treatment and how it works, it is necessary to comprehend well
the anatomy and pathophysiology of the venous system.

2. Anatomy of the venous system

The venous blood flow in the lower extremity is located at three positions, which are superficial,
deep and perforating veins [9].

More than 80% of the blood flow in the lower extremity occurs through the deep veins. The
deep veins accompany the arteries and run deep to the muscles and fascia [10, 11]. It includes
the posterior tibial vein, anterior tibial vein, femoral vein, profunda femoris vein and common
femoral vein in the leg. It also includes the popliteal vein and femoral vein in the thigh, and the
external iliac vein, internal iliac vein, common iliac vein and inferior vena cava in the pelvis [12].

The major axial veins are accompanied by matching the venae comitantes in the calf. These
veins that accompany the posterior tibial and peroneal veins are particularly large (up to 10
mm in diameter in male) and participate in the muscle pump mechanism for the return of
blood from the legs to the heart. In addition, the medial and lateral heads of the gastrocnemius
and soleus muscles include vein pairs in these muscles (the calf) that accompany the major
arteries. These usually have a large diameter and participate in the calf muscle pump. The calf
veins drain into the popliteal vein. Once the popliteal vein has entered the thigh, it is known
as the femoral vein. The deep femoral veins which open into the femoral veins derived from
the common femoral vein in the inguinal triangle drain the thigh muscles. This drains into the
great saphenous vein and is the major point of the venous return in the lower extremity [12].

The superficial compartment lies between the dermis and the deep fascia [12]. Duplex scan-
ning has resulted in recognition of a saphenous subcompartment and saphenous fascia. The
vena saphena magna and vena saphena parva are intermediate superficial veins. The VSM is
the longest vein in the human body [10, 11].

These veins connect the superficial venous system to the deep venous system. There are
approximately 150 perforating veins in each lower extremity and a few of them have clinical
significance. The medial calf perforators are very important at this point [12].

The perforating veins are divided into direct and indirect perforating veins. While direct per-
forating veins provide a connection between the superficial and deep axial veins, indirect
perforating veins provide blood drainage from the superficial venous system and join other
veins in the muscles [13].
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Bicuspid valves in superficial veins provide one-way venous blood flow towards the heart.
The frequency of valves is particularly higher below the knee. Valves are large (median 7-10,
range 4-13) and placed closer in the small saphenous vein. The frequency of valves increases
from proximal to distal in the deep veins. Deep leg veins, peroneal veins and posterior and
anterior tibial veins contain plenty of valves which are arranged at approximately 2 cm inter-
vals. However, the common femoral vein usually has one valve. In addition, it must be empha-
sized that there is only one valve (and sometimes, there is no valve in 37% of the reported
cases) in external iliac and common femoral veins, which are proximal to the saphenofemoral
junction. The common iliac and vena cava veins have no valves [14].

3. Physiology and hemodynamics of the venous circulation

The primary function of the venous circulation is to return blood to the heart. Effective venous
return requires the interaction of a central pump, a pressure gradient, a peripheral venous
pump and competent venous valves [14].

Pressures on the vessels are determined by different mechanism. While pressure in arterial
vessels is generated mainly by muscular contractions of the heart, the gravity is the main
factor that determines the pressure in the venous system. When the body is in a horizontal
resting position, pressures in the veins of the lower limb, in the chest, abdomen and arm are
similar. On the other hand, when the body goes to the upright position, significant changes
occur in the values of these pressures, especially in the venous system. In presence of the
upright position, there is an accumulation of approximately 500 ml of blood in the lower
extremities. Venous valves play a very important role in the return of blood to the heart from
the lower extremities, especially in this position. Direct observation of human venous valves
has been made possible by specialized ultrasound techniques [14].

One of the important tasks of the venous valves is to be released during exercise. Supporting
the antegrade flow of the venous from the superficial veins to the deep during exercise is the
essential part of this important task. Muscle activity through exercise creates volume and
pressure changes in the venous system, especially in the calf. While there is no apparent flow
in the resting position; with the beginning of the heel strike, the venous plexus under the heel
and the plantar surface of the foot (Bejar's plexus) begin to empty from the foot and ankle
towards the proximal end of the calf. Then, through calf contraction the blood within the deep
veins on the calf is transported into the deep veins of the thigh [14].

In the upright position, the arterial blood pressure is approximately 100 mmHg and the venous
pressure is 8 mmHg. The arteriovenous pressure gradient is 92 mmHg. However, this situa-
tion changes in the upright position. After 15 min of immobilization, circulating blood volume
decreases up to 20% and the velocity of the blood flow decreases. In addition, effective ultra-
filtration pressure exceeds effective resorption pressure due to passive hyperemia occurring in
blood capillaries. As a result, the flow moves from the blood vessel system to the interstitium
in the lower extremities. This situation changes during walking. The venous blood pressure
falls up to 25 mmHg in the leg due to the venous leg pump which consists of the calf muscles,
joints, skin, fascia and venous valves. The contraction of the calf muscles moves the blood from
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the subfascial veins into the heart. The venous blood pressure of 25 mmHg is considerably
lower than 100 mmHg but higher than 8 mmHg. This is called as physiological ambulatory
venous hypertension. However, it can be tolerated by veins under normal conditions [15].

4. Pathophysiology

Clinical manifestations of CVI occur primarily due to ambulatory venous hypertension in the
upright position or during ambulation. These result in clinical sign of edema, subcutaneous
fibrosis, pigmentation, chronic pain and ulceration. The severity of chronic venous disease is
closely related to the magnitude of venous hypertension. Patients with ambulatory venous
pressures less than 40 mmHg have had a lower incidence of venous ulceration compared to
patients with ambulatory venous hypertension greater than 80 mmHg [16].

The indications of ambulatory venous pressure are complex. Determinants of ambulatory venous
pressure include venous reflux and obstruction as well as calf muscle pump function [17]. Studies
have shown that calf muscle pump dysfunction occurs early in the development of CVI and it
does not worsen with skin changes and ulceration [18].

In the normal case, the lower extremity muscle pumps and valves limit the accumulation of
blood in the lower extremity veins. Failure of the lower extremity muscle pump is associated
with peripheral venous insufficiency due to outflow obstruction, musculofascial weakness,
loss of joint motion or valvular impairment. However, an effective peripheral pump becomes
a compensator for some degrees of reflux and obstruction and prevents symptoms of CVI [13].

When the system operates normally, the ambulatory venous pressure in the superficial sys-
tem is maintained between 20 and 30 mmHg. The superficial venous pressure may increase
up to 6090 mmHg in cases of venous occlusion, venous valve insufficiency or inappropri-
ate muscle contraction. As mentioned above, this level causes venous hypertension. Thus, it
shows that anatomic, physiologic and histological changes associated with chronic venous
insufficiency begin. Chronic venous hypertension leads to some histological changes in the
capillary bed, which is known as venous hypertensive microangiopathy. These changes
include the folding and expansion of the capillary bed and increased endothelial surface [19].

Valvular failure is associated with a rapid recovery time after muscle contraction. If deep venous
valves are insufficient, blood simply oscillates within the deep veins and there is no reduction in
pressure. Chronic venous hypertension or persistent pressure results in pathological effects in
the deep subcutaneous tissues such as edema, pigmentation, fibrosis and ulceration [13].

5. Risk factors for CVI

Risk factors for development of CVI include advanced age, female sex, heredity and trauma to
the extremities. Lower limb injuries are a risk factor in women. Age is linked at all levels of the
disease in both genders. Older age, Hispanic white ethnicity and family history are risk factors for
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CVLI. For visible disease, CVI is about twice as common in women than in men. It was reported in
the Edinburgh study that CVI was observed two-fold more in men than women [20].

Pregnancy is a critical period for the lower extremity venous system [21], and more than
30% of varicose veins develop only in this period [22, 23]. The reason is considered to be
increase in the venous pressure due to the increased blood volume. Moreover, the compres-
sion of the iliac veins is an important factor in the later stages of pregnancy. Venous function is
undoubtedly influenced by hormonal changes. In particular, progesterone which is released
by the corpus luteum stabilizes the uterus by causing relaxation of smooth muscle fibers. This
directly affects venous function. Although progesterone affects varicosities in pregnancy at
first sight, estrogen also has profound effects [24].

Previous pregnancy, less oral contraceptive use, obesity and mobility at work in women, and
height and straining at stool in men may be implicated in the development of reflux [25]. HRT
duration or parity is positively associated with all levels of functional disease seen in women.
Coughlin et al. [26] reported that multiparity was related with varicose veins in pregnant
women.

6. Symptoms for CVI

Symptoms and signs of CVIinclude hyperpigmentation, stasis dermatitis, pain, cramping, chronic
edema and venous ulcers. Approximately 3-11% of the adult population has skin changes and
edema due to CVI [27]. Edema was about 50% more common in men than women [28]. In the
Edinburg study it was reported that there were more edema in women; however, the CVI was
much more common in men [29].

Edema begins in the perimalleolar region and ascends up the leg. Sense of discomfort in legs is
often referred to as weight or pain after standing for a long time and it is relieved by leg elevation.
Cutaneous changes include skin hyperpigmentation with hemosiderin deposition and eczema-
tous dermatitis. This fibrotic process produces lipodermatosclerosis and there are risks of cellulite,
leg ulcers and delayed wound healing. In addition, chronic venous insufficiency contributes to the
development of lymphedema [6].

7. Prevalence

The prevalence and gender distribution are very variable in venous disorders. Although
recent studies have not reported prevalence differences related to age in men and women,
most studies demonstrate a higher prevalence in women than men [27].

The prevalence of CVI is lower in African and Asian or Australian aboriginal populations.
Changes in lifestyle and eating habits in the industrialized countries (especially a low-fiber
diet causing constipation) and abdominal pressure are considered as one of the main causes
of this phenomenon [30].
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8. Classification

The Chronic Venous Disorders (CVD) Guideline was released for the Clinical, Etiologic,
Anatomic and Pathophysiologic (CEAP) classification in 1994 by American Venous Forum,
which is an international ad-hoc committee, and was endorsed by the Society for Vascular
Surgery. It was incorporated into “Reporting Standards in Venous Disease” in 1995. Nowadays,
clinical papers released on CVD use the whole or some parts of CEAP classification to deter-
mine features of disease [31].

The purpose of the CEAP classification is to provide an objective classification system that is
valid and reliable throughout the world. This classification identifies the clinical symptoms (C),
etiologic factors (E), anatomical features (A) and underlying pathophysiological event (P) [32, 33].
Detailed information is given in Table 1.

The clinical classification has seven categories (between 0 and 6) and is further categorized by
the presence or absence of symptoms. The etiologic classification is based on congenital, pri-
mary and secondary causes of venous dysfunction [34]. The anatomic classification describes
the superficial, deep and perforating venous systems with multiple venous segments that
may be involved. The pathophysiologic classification describes the underlying mechanism
resulting in CVI, including reflux, venous obstruction or both [6].

CO0: This refers to early the disease stages and there is usually not any visible or palpable sign
of venous disease. Despite the fact that sometimes no clinical evidence is found by the physi-
cians during the examination; clinically CVI is manifested by the presence of some symptoms
such as aching legs, heaviness, sensation of burning and nocturnal cramps. Depending on the

Clinical Etiologic Anatomic Pathophysiologic

C,: There is no sign of venous ~ Ec: Congenital As: Superficial veins Pr: Reflux

disease

C,: Telangiectases or reticular ~ Ep: Primary Ap: Perforator veins Po: Obstruction

veins

C,: Varicose veins Es: Secondary (post- Ad: Deep veins Pr,0: Reflux and
thrombotic, post-traumatic) obstruction

C,: Edema En: There is no cause An: There is no venous ~ Pn: There is no venous
determined location identified pathophysiology

determined

C,: Pigmentation or eczema
on the skin

C,,: Lipodermatosclerosis or
atrophie blanche

C,: Healed venous ulcer

C,: Active venous ulcer

Table 1. CEAP classification system.
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severity of the symptoms, there may not be a significant change in the patient's daily life or it
may cause significant limitations on the patients.

C1: Telangiectasia (dilated intradermal venules up to a size of about 1 mm) and reticular
varicose veins (dilated, nonpalpable and subdermal veins up to a size of about 4 mm). These
signs which are associated with increased venous pressure and chronic venous insufficiency
occur due to the capillary disorder.

C2: There are several dilated and simultaneously elongated varicose veins. Varicose veins
according to etiologic origins are classified as primary (idiopathic), secondary (caused by the
post-thrombotic syndrome) and other secondary varicose veins of unclear etiology.

C3: Swelling is one of the most frequent signs of CVL. It is characterized by the accumulation
of proteins and water in subcutaneous tissues. While in lying position, the swellings tend to
disappear; in long-standing position, swelling increases and causes significant limitations in
the daily life of the patients.

C4: As CVI progresses, changes on the skin begin to be observed. On this stage pigmentation,
eczema and lipodermatosclerosis are common findings.

C5: Venous ulcers, which are defined as a loss of skin tissue, may develop on the skin in the
following periods. Skin changes with healed ulcer are seen in this stage. Only healed varicose
ulcers are included within the class 5.

Cé6: This class is defined by the presence of an active varicose ulcer [35].

Qualification Absent: 0 Mild: 1 Moderate: 2 Severe: 3

Sense of discomfort,  No Sometimes, it does  Daily, it does not affect daily Daily, it restricts

Pain, aching, fatigue not reflect in daily ~  activities most of activity

heaviness activities

Varicose veins No Few and scattered ~ Confined to calf or thigh Involve calf and thigh

Venous edema No Restricted foot and ~ Spreads above ankle but don Extends to knee or
ankle not pass the knee above the knee

Pigmentation of the No or focal Restricted in Diffuse over lower third of calf  Diffuse more than

skin perimalleolar area lower third of calf

Inflammation No Restricted in Diffuse over lower third of calf ~ Diffuse more than
perimalleolar area lower third of calf

Skin induration No Restricted in Diffuse over lower third of calf  Diffuse more than
perimalleolar area lower third of calf

Number of active 0 1 2 >2

ulcers

Duration of ulcer Absent <3 months Between 3 months and 1 year ~ Unhealing >1 year

Size of ulcer Absent Diameter <2 cm Diameter 2-6 cm Diameter>6 cm

Compression therapy Notused  Intermittent Most days Every day, mostly

Table 2. Venous clinical severity scoring.
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To complement the CEAP classification and further define the severity of CVI, the venous clini-
cal severity score (VCSS) was developed (Table 2) [36, 37]. The revised VCSS provides clarifica-
tion of the terms and better definition of the descriptors and has further clinical applicability [38].

The VCSS consists of 10 attributes with four grades (absent, mild, moderate and severe). It has
been shown to be useful in evaluation of the response to treatment in CVI. To evaluate severity of
disease and treatment outcomes in CVI, it is recommended to make use of validated disease-
specific quality-of-life questionnaires in clinical evaluations [39].

9. Treatment of CVI

The initial management of CVI involves conservative approaches to reduce symptoms and
prevent development of secondary complications and progression of disease. If conservative
approaches fail or provide an unsatisfactory response, further treatment methods should be con-
sidered on the basis of anatomic and pathophysiologic features [40]. The treatment options of
CVIranges from simple compression stockings to very complicated venous reconstructions, and
the most important step includes patient education to obtain better outcomes after treatment [5].

9.1. Conservative treatment

Conservative approaches aim mainly to restore the altered physiological functions of the
venous system. It includes the elevation of the limb together with the supportive methods,
pharmacotherapy and structured exercise program, as well as complex decongestive phys-
iotherapy (CDP), intermittent pneumatic compression (IPC), compression stocking, patient
training [41-44] and kinesio tape [45].

In order to overcome the effects of the gravity, the elevation of the limb in venous diseases
has been applied for centuries. The venous pressure in the tissues around the ankle falls to
approximately zero when the feet are at/above the heart level (i.e. toes-above-nose position).
When the patient is in this position, all the signs and symptoms, which are directly associated
with venous hypertension (i.e. ulcers, eczema, swelling, etc.), resolve without the need for any
other treatment, particularly, in lower severity of disease [44].

Training the patient about the changes in lifestyle is important side of the total care. The
control of weight, care of the limbs and optimum exercises to keep the calf muscles and ankle
joint supple are among the strategies [44].

Compression is advised for the purpose of decreasing ambulatory venous hypertension in
patients who have CVI. Changes in lifestyle including weight loss, exercise and elevation of
the legs during the day whenever possible are also advised for such patients [46].

9.1.1. Complex decongestive physiotherapy

Since CVIincludes combined formats of lymphedema, compression therapy (CT) is preferred
as treatment method especially for advanced stages of CVI. CDP is a treatment program
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consisting of two phases. First phase is the phase in which the edema is decreased and lasts
for 4 or more weeks and consists of four components as follows: (1) manual lymph drainage
(MLD), (2) skin care, (3) compression bandage and (4) therapeutical exercises. The second
phase is the one in which the decreased volume is protected with skin care, compression
stocking and exercises. The precautions and patient training are emphasized for the extrem-
ity care for this program. The participation and harmony of the patient within the program
are important for successful results [47].

9.1.1.1. Manual lymphatic drainage

Manual lymphatic drainage (MLD) is defined as a special manual technique stimulating the
superficial lymphatic vessels in order to remove the excessive interstitial fluid [48] and to increase
the lymph flow [49]. It has been used for more than 50 years as a type of conservative treatment
method in CVI for the purpose of removing extremity edema [50]. In the origin of the technique,
there is a soft massage for the purpose of stimulating lymphatic vessels and propel fluid through
the channels. Since 20% (or more) patients, who have CV], also have a lymphedema component,
manual lymphatic drainage might have a significant role in a compression therapy program
intended for CVI [51]. There have been four MLD techniques well known in the literature, up to
now. These include the Foldi, Vodder, Casley-Smith and Leduc techniques [46].

In the study conducted by Foldi et al., it was reported that the MLD was inadequate without
using compression therapy [52]. Similarly, Ochalek suggested that the use of compression
therapy with MLD was necessary to sustain the effects of MLD [53]. In another study con-
ducted by Bakar et al., 62 patients who had chronic venous disease were included and all the
patients treated with CDP. According to the results of the study, CDP application decreased
the volume and the percentage-volume of CVI-related edema at a significant level and
decreased the intensity of the pain, which was caused by this condition, in the elderly [54].

While it is reported in a meta-analysis study conducted by Karki et al. that MLD was not
significantly effective in sustaining decreased edema when used alone [55], Szewczyk et al.
reported that MLD was effective in decreasing the edema in the lower limbs of the patients
with CVD [56].

9.1.1.2. Skin care

Since CVI is a progressive disease, it disrupts the skin integrity. In healthy skin, the hydro-
lipid mixture consisting of water and lipid in the epidermis cover and protect the skin from
external effects. The lipid component in it decreases the vaporization of the water and ensures
the flexibility of the skin. Acidic products (pH 4.5-5.7) and microbial CVI may damage the skin
integrity at further stages especially in internal malleoli area. There will be cracks and, in the
end, inclination to infection occurs. In order to decrease the risk of infection and the disruption
on the skin integrity, it is important to keep the skin moist in the affected area. For this reason,
natural products that have balanced contents and that are similar to dermal lipids must be
used. Normal skin moisture factors and the lipids that form barriers are important to keep the
skin in elastic and slippery form. The applications that are healing and protective are important
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for both phases of the CDT. In Phase 1, the focus is on healing and care of the damaged skin. In
Phase 2, the sustaining of the skin care is important [47].

9.1.1.3. Compression

The limb compression descriptions are to be found in Corpus Hippocraticum (450-350 BC) and
itis known to be a major milestone in venous insufficiency treatment [51]. Compression treat-
ment is an important part of the two phases of the CDP. During Phase 1, it is necessary to use
the compression bandages for 23 hours a day. The purpose of the bandages is to have a certain
form of the edema, and decrease the volume in the extremity. During Phase 2, compression
is ensured with the compression stockings produced considering the size of the person [47].

The constriction of the leg veins is an essential mechanism of Compression Therapy (CT). In
the supine position, a reduction in vein diameter accelerates blood flow velocity and also helps
to prevent deep vein thrombosis. In the upright position, external compression is supposed to
counteract the hydrostatic pressure. Due to the effect of gravity, external high pressures are
required to maintain the same effect in standing position. It can be achieved with high pressure
bandages to reduce ambulatory venous hypertension in patients with CVI [57].

The external pressure of approximately 30-40 mmHg is required to constrict the leg veins in
the upright position. Complete occlusion of the leg veins occurs at a pressure of 20-25 mmHg
in the supine position, at a pressure of 50-60 mmHg in the sitting position and at a pressure
of approximately 70 mmHg in the standing position [57].

The treatment aims to correct the long-term complications of CVI at the possible highest level.
CT increases pressure on the skin and on the underlying structures to react with the gravity
force when it is applied in an external manner to the leg, which may help to relieve the symp-
toms in the lower limbs by affecting the venous and lymphatic systems to improve the removal
of the fluid (i.e. the blood and the lymph) from the relevant limb [51].

The aims of CT may be summarized as follows:

1. Decrease the swollen limb to its minimum size as fast as possible.

2. Maintain the limb at its possible smallest size by using the simplest methods that are
possible.

3. Allow the patient to participate in the care of the limb in an active manner by avoiding the
factors that aggravate the edema.

4. Train the patient on how to modify his/her own therapy method in case of a problem with
edema [51].

In order to treat or prevent the adverse effects, the topical CT provides help. Limb compres-
sion changes the tissue pressure gradient, which, in return, reduces the formation of the edema
and increases the resorption of the edema; reduces the vein caliber and increases venous flow
velocity; reduces orthostatic reflux, residual volume and ambulatory venous pressure (partly
by re-recruiting venous valves and by reducing reflux in the perforating vessels) and improves
the muscle pump effectiveness [51].
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There are many methods in the field of providing CT. The four-layer elastic bandaging (4LB)
and the short stretch bandaging (55B) are the most widely used techniques. The introduction
of the graded compression stocking in varying degrees of pressures at the ankle area is a major
advance in CT. The purpose of these systems is to provide graduated compression to the lower
limb for the purpose of improving venous return and to reduce the edema [51]. Different
ambulatory compression techniques and devices cover the compression stockings (CS), paste
gauze boots (i.e. the Unna boot), multilayer elastic wraps, dressings, elastic and non-elastic
bandages and non-elastic garments. Pneumatic compression devices are also used in patients
with refractory edema and venous ulcers [58].

9.1.2. Compressionv stocking

Compression stocking (CS) was first developed in the 1950s by Conrad JOBST. CS is available
in various forms, force and size. It provides a pressure decreasing towards proximal from
the distal and it has become one of the key treatments and standard procedure in the man-
agement of venous lymphatic disorders. Compression pressure ranges and the definition of
these classes vary among countries. For this reason, using the pressure ranges as mmHg will
be beneficial for universal understanding. CS is classified into four classes according to their
pressure values (Table 3). The pressures of the CS used in CVI depend on the clinical sever-
ity; for CEAP second and third classes, 20-30 mmHg and for CEAP fourth to sixth classes,
40-50 mmHg are used. The most-frequently used size is the one that stretched up to the knee,
because the patient participation is more and the symptom healing is adequate. The stockings
that reach up to the thigh and groin may be compulsory for the patients that have edema on
the knee; however, the use of such stockings is difficult. It must be changed every 6 months
[5]. CS must be worn in the stages when the veins are at the emptiest stage. The CS that is
worn in the early morning when the patient gets up is the most effective one. The patient must
walk in the stockings during the day [40].

9.1.3. Intermittence pneumatic compression (IPC)

Wide consensus exists in the literature that compression is a necessary part of all treatments
for CVI and venous ulcers. Compression is usually provided by stockings. Most of the elderly
patients have reduced strength and skill and therefore it makes these stockings difficult to wear.
Compression can also be provided with the Unna's boot or different types of bandages [27].

Extremity compression can be achieved with pneumatic compression tools. Pneumatic com-
pression devices consist of an inflatable garment for the arm or leg and an electrical pneu-
matic pump that fills the garment with compressed air. The boot is intermittently inflated and
deflated and creates a pumping effect [27]. The inflation and deflation cycles mimic the muscle
pump. This is one of the key mechanisms to provide proper venous and lymphatic flow [59].

Compression class 1 2 3 4
Compression degree Mild Moderate Strong Very strong
Pressure (mmHg) 18-21 23-32 34-46 49<

Table 3. Compression classes.
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First generation pneumatic compression devices consisted of an inflatable single compart-
ment pressure chamber that applied a non-segmented uniform and sustained level of com-
pression to the entire extremity. Later, multi-segment compression devices were developed
in order to increase the effectiveness of the devices. Thanks to these devices, technically, the
pressure gradient is created between distal and proximal parts of the limb. The pressure of
distal chamber is higher than in the proximal chamber and this enables a sequential mecha-
nism of distal to proximal application of pressure. Pneumatic compression devices have fur-
ther evolved in recent years and allow digital programming to imitate MLD techniques and
promote fluid clearance at the proximal trunk and extremities [60] (Table 4).

Pneumatic compression device

Distinctive features

Single chamber non-programmable pumps

Multi-chamber (segmented) non-programmable pumps

Multi-chamber programmable pumps

Advanced pneumatic compression systems

The single sleeve inflates to apply pressure on the leg
No manual control on pressure distribution
No pressure gradient

Nowadays it is not an optimal method for lymphede-
ma treatment

Approximately three or four chambers swell complete-
ly from the distal to the proximal segment and then
descend

Perhaps a limited pressure programming option can
be found but not independently adjustable

Structurally, each chamber is designed to reach the
same pressure gradient, with support from the extrem-
ity shape

Pumps can use one or both of the same legs or arms

The pressure gradient is set to be higher in the distal
segment and lower in the proximal segment

It produces three different pressure zones, and some
pumps allow the divider to set the pressure

Manual programmable and pressure-adjustable for
the desired zone

Adjustable from 4 to 36 chambers
Digitally programmable

With proper application to adjoining trunk segments,
it can provide a uniform distribution of edema by re-
laxing the proximal and distal limb

Garbage and proximal chambers can open lymphatic
pathways

Only 1 and 2.5 compartments can actively simulate
manual lymphatic drainage by providing a pressure
increase and progression from distal to proximal

Table 4. Pneumatic compression devices.
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The most basic definition of the IPC is that it consists in the application of a force on an edema
in order to evacuate its components as much as possible towards the physiological ways of
drainage (venous—lymphatics—interstitium) [61].

IPC has physiological effects such as increase in capillary perfusion, increase in tissue oxy-
genation, increase in the fibrinolytic potential of endothelial cells, increased blood-flow in the
deep veins, decrease in stasis, decrease in venous hypertension and decrease in interstitial
edema [62-64].

There are some contraindications to pneumatic compression [65] (Figure 1). Despite the fact
that there is no serious complication of pneumatic compression, It has been reported that
there are some complications in the literature [27, 66, 67] (Figure 2).

In the study of Caprini, it was reported that pneumatic compression applied 4 hours per day
provided significant improvement in symptoms [68]. Another study examined the efficacy
of pneumatic compression in those with CVI and it was concluded that a single 30-min ses-
sion per day of pneumatic compression decreased edema, increased venous blood-flow and
improved symptoms [69].

Local or proximal malignancies

Infection of limbs

Deep vein trombosis

Anticoagulation patients

Vg
-
O
)
(qv)
-
e,
=
(O
| -
i)
-
@)
@)

Congestive heart failure

Figure 1. Contraindications of IPC.
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Compartment
syndrome

Damage of
peroneal
nerve

Genital
lymphedema

Sweating and Complications
fever under of
the glove

Ulceration on
the skin

Figure 2. Complications of IPC.

In the literature, it is common in CVI that high pressure is more effective compared to low
pressure, multi-layer bandages are more effective compared to single-layer bandages and
compression application is more effective than no compression application [63].

9.1.4. Exercise

The calf muscle pump is the basic mechanism in the return of blood from the lower extrem-
ity to the heart and also it is supported by the foot pump, the thigh pump and the respiratory
pump. The ankle joint is the main component of the calf muscle pump. Therefore, dorsiflex-
ion and plantar flexion of the ankle is the basis for effective function of the calf muscle pump
[70, 71]. It is known that limited ankle mobility increases the severity of edema formation and
venous reflux in patients with CVI. CVI causes ankle immobility due to storage of fibrotic tis-
sue. Because of immobility, the calf muscle pump cannot be activated and venous blood does
not return to the heart [72]. Presence of any abnormality in pump functions of calf muscle plays
a significant role in the development of CVI. In patients with CVI, progressive exercise pro-
gram have been used to rehabilitate the muscle pump function and improve symptoms [6]. A
randomized controlled study designated individuals with advance venous disease (CEAP class
C4-C6) to structured calf muscle exercise or routine daily activities. To assess venous hemody-
namics duplex ultrasound and APG were used, and muscle strength was assessed with a dyna-
mometer. After 6 months, parameters of pump function of calf muscles normalized in patients
receiving customized exercise program for calf muscles. However, there was no change in the
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amount of reflux or severity scores. Although it was found that severity scores of reflux was
not changing statistically, it appears that calf muscle pump function could be established by
structured exercise in CVI that may prove effective as supplemental therapy to medical and
surgical treatment in advanced disease [73].

Research over the past 10-12 years points to ankle joint movement as the key biomechanical
element in a functioning calf pump. When artificially restricting the movement of the ankle
joint in healthy volunteers, it is demonstrated that a significant decrease occurred in the effi-
ciency of the pump to affect a decrease in venous pressure during exercise [74]. Calf muscle
strength may also affect the efficiency of venous return [75]. An improvement in calf muscle
strength correlates with improved venous return [76] and loss of muscle strength is seen in
patients with long-lasting venous ulcer [75]. Taheri et al. stated that there are three types of
atrophy in biopsies of the gastrocnemius muscle in patients with vein insufficiency. These
were disuse, denervation and ischemia, which play a role in muscle destruction [77]. How
much calf muscle volume contributes to venous insufficiency is unclear [75].

Back et al. stated that a normal walking motion is required for activation of the calf muscu-
lar pump and this requires 90 degrees of dorsiflexion [78]. It has been found that exercise
program twice a week increased the angle of dorsiflexion and plantar flexion in those with
CVI [79].

9.1.5. Kinesio tape

Kinesiology taping (Kinesio Tape) which was developed by Dr. Kenzo Kase in 1996 is a tech-
nique that is used to restore muscle function, to increase vascular and lymphatic circulation,
to relieve pain or to correct the impaired joint alignment. Kinesio Tape is an elastic, latex-free,
adhesive and waterproof tape. Moreover, it is an application that may remain in the skin for
3-5 days. Skin adhesive tape is thicker and more elastic than conventional tape and also it
has the ability to stretch up to 120-140% of its normal length. Although there is no definite
evidence for its proprioceptive effect, it is thought to act by means of cutaneous mechanore-
ceptors [80].

Skin-taping increases the circulation in the region by creating convulsions that cause the
dermis to rise up. Kinesio Tape, which is frequently used in edema, hematoma and wound
healing, has been used as an alternative to compression therapy in patients with venous insuf-
ficiency in recent years. Even if it is frequently used, Kinesio Tape has not been proven to have
a positive effect on venous insufficiency. In some studies, it has been shown that there was
an increase in lymphatic circulation and venous return of individuals who underwent fan
technique without strain [81].

10. Conclusion

Chronic venous insufficiency (CVI) is a common disorder. As a result of various patholo-
gies that develop at the lower extremity venous system, venous pressure increases, affecting
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the whole lower extremity. This could result in valvular insufficiency at superficial or axial
deep veins and perforator veins, venous obstruction or a combination of these. These factors
worsen with calf muscle pump dysfunction. These mechanisms partially provide grounds for
the development of venous hypertension during standing. Patient may not have any symp-
toms, or they can complain from swelling at legs, discomfort with pain, anxiety, night cramps
or pain occurring when standing. There are many treatment options such as medical, phar-
macological and conservative methods used in CVI. Among these, conservative approaches
because of being invasive with less adverse effects than other methods are commonly used
to treat CVIL. Conservative treatment of patients with CVI relies on the use of compression
therapy, which is considered the “gold standard,” provided by means of elastic stockings,
bandages and pneumatic compression devices. Patient education is essential. CVl is a chronic
disease that needs a life-long care. So patients with CVI should encourage to maintain a nor-
mal body weight, exercise daily (a walking program is especially good) and wear compression
garment throughout the day.
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Abstract

Chronic venous disease (CVD) is a chronic condition that is associated with venous
hypertension, vein’s valves damage, venous obstruction, and calf muscle pump impair-
ment. This blood circulatory condition is also characterized by important inflammatory
changes affecting the skin, the subcutaneous tissue and the muscles, which are probably
triggered by blood stasis and venous edema. With disease progression, severe ulcerative
skin damage might occur, which when present represent the more severe stage of this
condition. CVD has a significant economic, social and health impact, mostly due to raised
morbidity and chronicity.

The treatment of patients with CVD might focus on both the symptoms and second-
ary changes of the disease, such as edema, skin and subcutaneous changes or ulcers.
Usually, initial treatment of CVD patients involves a non-invasive, conservative treat-
ment to reduce symptoms, treat secondary changes, and help prevent the development
of secondary complications and the progression of the disease. Complementary, some
interventional or surgical treatments can be undertaken.

There are several conservative treatments to treat and prevent complications associated
with CVD that have been described in the literature, like manual lymphatic drainage
(MLD) and compression, physical exercise, intermittent pneumatic pressure, kinesio tap-
ing, electrical muscle stimulation, transcutaneous electrical nerve stimulation, hydrother-
apy, and health education. Most of these techniques are complementary to compression
therapy or pharmacological treatment.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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This chapter will address the role of physical therapists in the management of CVD. The
chapter will begin by reviewing the basic physiopathology of CVD, including the role of
calf muscle pump. The CEAP classification system and the chronic venous severity score
will be presented, as these are main tools for clinical assessment of CVD severity. In the
remainder of the chapter will address the physiological effects and recommendations for
treating CVD of MLD, based on our clinical experience and own research.

Keywords: chronic venous disease, edema, calf muscle pump, manual lymphatic

drainage

1. Introduction

The term chronic venous disease (CVD) has been used to describe morphological and func-
tional abnormalities of the venous system of extended duration that are manifested them-
selves by symptoms and/or signs that indicate the need for evaluation and care by health
professionals [1].

Usually, symptoms of leg heaviness, fatigue, and pain are the first complaints referred by
patients, which together with varicose veins are present both in mild and severe cases of CVD.
These complaints combined with structural changes in superficial, visible veins strongly con-
tribute to a negative self-esteem that also characterizes this disease [2-8]. The diminished
health-related quality of life (HRQL) seen in CVD is well studied [2, 8-10]. This negative
impact is so important that the previous view of this condition as an aesthetic problem has
been abandoned for years.

The socioeconomic burden of CVD is very high. The indirect costs are substantial and are
associated with the symptoms, functional impairment, emotional disturbances and negative
impact in HRQL [11]. The direct costs of CVD treatment are almost entirely related to its
high prevalence, morbidity, and chronicity [11, 12]. In developed countries, around 1-3% of
the health costs are due to CVD [13]. However, when patients with less severe stages of the
disease are diagnosed and treated early, the physiopathology course of the disease can be
prevented or even receded [14].

The severity of CVD is nowadays evaluated based on a multifactorial concept of the disease
and using the standardized CEAP (Clinical Etiological, Anatomical and Pathological) clas-
sification system. Having a good knowledge of this system is very important to all physical
therapist and it is important that health professionals use the same nomenclature so that CVD
severity can be accurately assessed and the best treatment delivered [15].

The treatment of patients with CVD might focus on both the symptoms and secondary
changes of the disease, such as edema, skin and subcutaneous changes or ulcers. Usually,
initial treatment of CVD patients involves a non-invasive, conservative treatment to reduce
symptoms, treat secondary changes, and help prevent the development of secondary compli-
cations and the progression of the disease. Complementary, some interventional or surgical
treatments can be undertaken [15].
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Manual lymphatic drainage (MLD) is a low-pressure form of skin-stretching massage,
described as a conservative treatment for CVD [16] and as a coadjutant of other treatments,
like stockings and surgery [17, 18]. This technique has been proposed for the treatment of
venous lymphedema associated to CVD [19, 20], before CVD surgery, or to relief symptoms
[17, 18, 21]. It is suggested by the literature that this physical therapy technique should be
applied taking into account venous anatomy and that it should increase deep and venous
flow [22, 23]. Despite controversial evidence regarding the ability of MLD to reduce edema or
lymphedema, this technique when associated with other treatments, the so-called “lymphatic
decongestive therapy”, that also includes compression, exercise, and education, may have an
important role for improving health and functional status in patients with edema associated
to sport injury or related to breast cancer surgery, just to mention two common situations [21,
24-26].

This chapter will address the role of physical therapists in the management of CVD. The
chapter will begin by reviewing the basic physiopathology of CVD, including the role of calf
muscle pump. The CEAP classification system and the chronic venous severity score will be
presented, as these are main tools for clinical assessment of CVD severity. In the remainder of
the chapter, we will address the physiological effects of MLD on venous circulation and the
recommendations for its use in treating CVD.

2. Health and social impact of CVD

2.1. Epidemiology

Chronic venous insufficiency, represents the most severe cases of CVD, and its physiopathol-
ogy is associated with venous hypertension, vein valve damage, venous obstruction, calf mus-
cle pump impairment, inflammation of tissues (skin, subcutaneous tissue, and muscle) and
veins, alteration of veins morphology and function. This disease is characterized by abnormal
venous reflux, venous edema, and changes of the skin and subcutaneous tissue, with ulcer
representing the most severe stage of this condition, and is classified between C; (no signs)
and C, (active ulcer) CEAP classes [13, 27-32]. Despite some controversies, CVD might exist
without the presence of signs [3, 13, 33].

The estimated prevalence of CVD varies according to its severity, being around 10, 9, 1.5, and
0.5% for CEAP clinical levels C, (venous edema), C, (hyperpigmentation or eczema, lipoder-
matosclerosis, or atrophie blanche), C; (healed venous ulcer), and C, (active venous ulcer),
respectively [33]. The more advanced stages of venous disease, (C,-C,), appear to affect about
5% of the population [1]. Milder CVD conditions, like telangiectasiae and reticular veins (C1
class), have been reported to affect up to 80% of the population, while the incidence of vari-
cose veins (C2 class) has been reported as ranging from 20% to 64% [1].

Despite its frequency in the population, the prevalence of CVD is still underestimated.
Epidemiological data estimate a wide range of CVD prevalence, varying between 1-17% in
men and 1-40% in women [34]. In the USA alone, approximately 2.5 million people suffer
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from CVD [2]. Variation in estimations of CVD prevalence are likely explained by differences
in gender, age, ethnic group, risk factors and variations in diagnostic criteria and methods [1,
34]. A study where 91545 participants were evaluated, found a CVD prevalence of 83.6%, with
63.9% of the subjects classified as C1-C6, and 19.7% as C0. Regarding CVD prevalence accord-
ing to gender, this study showed higher number of men in C0 class, higher number of women
in C1-C3 classes and equal number of men and women in the more severe groups (C4-C6
class) [35]. Considering only the cases of varicose veins (C2), prevalence has been shown to
vary in the range 7-40% in men and 25-32% in women [34].

2.2. Functional and HRQL implications of CVD

Patients with CVD display impaired functional capacity [2, 36] and diminished HRQL [9, 10,
37, 38]. The severity of CVD, HRQL scores, the clinical signs, and venous ultrasound findings
of the disease are usually correlated [39].

The impact of CVD on HRQL is primarily seen in the physical items and in the emotional
domain, but in its severest stages (presence of venous ulcers) the mental dimension might also
become involved [9]. The impact of severe CVD in HRQL is similar to that of other chronic
diseases, such as diabetes, cancer, chronic pulmonary disease, and heart failure [9].

Most of chronic leg ulcers are venous in origin [40]. Patients with venous ulcer present severe
pain, which is in relationship with impaired tissue healing ability, diminished HRQL, low-
ered self-esteem, and poor social interactions [2]. The psychological effects of CVD may be not
strictly related with ulceration itself but can else be associated with the symptoms caused by
this type of wound (80.5-69.4%), altered appearance and esthetical concerns (66.7%), lack of
sleep (66.6%), functional impairment (58.3%), and disappointment with treatment outcomes
(50%) [2]. Also, patients with uncomplicated varicose veins often have severe symptoms
that adversely affect their HRQL, irrespectively of the severity of the disease, refuting the
view that this disease is mostly an aesthetic problem [8]. Estimates indicate that near 30% of
patients with symptomatic varicose veins, who may not have had their clinical venous condi-
tion diagnosed or treated, display symptoms suggestive of a depressive illness [41].

In this disease, 49% of men and 62% of women have symptoms related to CVD [33], like pain,
itching, tingling, cramps, restless legs, swelling, heaviness, and fatigue [3, 8]. A recent survey
reveals that 14.9% of the general Greek population refers symptoms and/or present signs
related to CVD [42].

The number of symptoms reported by patients with CVD varies but are usually several [4, 5,
8]. Importantly, the number and severity of symptoms are not strictly related to CVD sever-
ity and, sometimes, strong symptoms, and those that have the largest impact on HRQL, are
present in less severe cases [8]. Nevertheless, despite possible indication for surgery, some
studies suggest that the majority of the symptoms in patients with varicose veins are nonve-
nous related [5]. Indeed, it seems very difficult to separate venous from nonvenous causes of
symptoms in CVD [6].
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Several studies show the presence of both neuropathic and nociceptive pain in patients with
CVD [4, 43]. Nevertheless, patients with CVD may present other comorbidities that make it
difficult to isolate the CVD-related pain [43, 44].

Approximately one-third of people with CVD report to be a burden going out of home and
participating in social events, and that they avoid wearing clothes exposing their legs or going
on vacations to very warm places [42]. According to self-reports, functional status is dimin-
ished in these patients [36, 39] also because of some physical dysfunctions, like abnormali-
ties in gait [45], impaired balance, peripheral neuropathy [43, 46] weak leg muscles (plantar
flexion and dorsiflexion muscles) [29, 30, 45], or diminished ankle range of motion [10, 30,
47]. These dysfunctions are also associated with impaired muscle pump function in the lower
extremity [43], an important risk factor for venous ulceration [48].

2.3. Socioeconomic impact of CVD

Severe CVD has a significant economic impact, mostly due to raised morbidity. Over the last
decade, neither CVD-associated and inflation-adjusted mean hospital charge, nor length of
hospital stay decreased, possibly as a result of poor advancements in prevention and treat-
ment of this disease [49]. It is estimated that 4.6 million of working days per year are lost as
a result of CVD [40]. Painful leg ulcers, the odor, the dressing, the frequent need for treat-
ment, with their associated restrictions and social isolation result in a heavy psychosocial
burden [50]. In severe CVD, venous ulcers require wound care, compression, chemical and
mechanical debridement, and, in frequent cases, antibiotic therapy [49]. While ulcer treatment
is usually done in outpatient settings, in some particularly critical situations it may require
hospitalization [40]. Western European countries spend 1.5-2% of their annual health budget
in the treatment of this disease [51]. The economic burden is not just associated with clinical
visits and outpatient treatments, but also with travel time, loss of work hours for patients and
family, and physiological impairment related to analgesic and antibiotic use [49]. Limb ampu-
tation is a radical outcome of this disease, although in many of cases these are also related
to comorbidities, for instance diabetes and arterial vascular disease [49]. Other important
complications, such as hemorrhage, thrombosis and pulmonary embolism, also compound
the unhealthy profile of these patients [42]. Deep venous thrombosis may cause chronic con-
ditions like post-thrombotic syndrome and CVD, increasing the costs of the treatment [49].
Preventing deep venous thrombosis and complications is one of the most important aims for
reducing socio-economic burden associated to CVD [49].

The chronic nature of the problem results in long-term costs and the frequent recurrences,
together with the poor effectiveness of current treatments, further expand the cost of this
disease [40].

Despite its cost, the efficacy of the pharmacological treatment of CVD is usually poor, and
should be combined with other strategies, such as the use of elastic garment compression [33].
Similar procedures are recommended following surgery and sclerotherapy, in which cases
post-operative compression therapy and health education are crucial for treatment success
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[42, 52]. There are several risk factors associated with CVD that patients should be informed
of by the health professionals, like the use of hormonal contraceptives by women, daily rou-
tines (sitting or standing), pregnancy, age, obesity and heredity factors (i.e., family history)
[1, 37, 42, 49, 53]. Also important, advice regarding behavioral changes, engaging in so-called
venous exercises and the proper use of the health care services, should be offered to CVD
patients [42]. Getting the right advice from health care professionals is an important measure
for preventing and managing CVD [42].

Because of the wide spectrum of factors that cause functional impairment in these patients
and the high costs of treatment [2, 3, 8], the prevention of CVD by educational and prophylac-
tic interventions has been shown to be clinically cost-effective, by avoiding disease progres-
sion to the last stages [49, 54].

3. Pathophysiology of CDV

Near 60% of blood volume flows is in the venous system, the majority of it in the lower limbs
and in the cutaneous circulation, and near 20-25% occupies the splanchnic circulation [55].
The venous system returns the blood to the heart and is a low-pressure, slow-velocity, large-
volume and low-resistance vascular system [1]. Venous return results from the interaction
of diverse mechanisms, like a central pump (respiratory cycle and heart), a pressure gradi-
ent, a peripheral venous pump, and veins valvular system [43]. The venous volume in the
lower limb is the result of the interaction between these mechanisms and reflects the balance
between blood inflow and outflow [1].

CVD is caused by venous hypertension, valvular insufficiency, and/or blood reflux [56-58].
Venous hypertension might be accompanied by outflow obstruction [57] and can affect the
superficial, perforator, and deep veins [3, 58]. Insufficient lymphatic drainage or a dysfunc-
tion of calf muscle pump are very often associated with this disease [59]. Venous hypertension
is related to structural (veins and valves), hemodynamic (obstruction, reflux, stasis), biome-
chanical (calf muscle pump strength and ankle range of motion) and biochemical factors (leu-
cocyte-endothelial process inflammation) [57, 58].

The exact mechanisms behind the development of CVD are not clear yet [57, 60]. The major
hypothetical sequence of events places venous hypertension as the trigger, causing inflam-
mation of the veins’ wall and of vein valves, with inflammation, as the condition aggravates,
spreading to the skin and the muscles, causing dermal changes, like hyperpigmentation, sub-
cutaneous tissue fibrosis (lipodermatosclerosis), and tissue necrosis and ulceration [20, 51, 57,
59] in the most severe cases [60].

Venous obstruction occurs because of the triad: blood stasis, changes in the vessel wall, and
hypercoagulability [61]. This may occur as a phlebitis (obstructions of superficial venous sys-
tem) or as deep venous thrombosis (obstructions of deep venous system), and can be diagnosed
as acute or chronic [12]. The acute deep venous thrombosis may cause nociceptive pain, swell-
ing and tenderness, and both phlebitis and deep venous thrombosis must be confirmed by
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venous ultrasonography [57]. The ensuing venous hypertension then opposes venous return,
leading to luminal hypoxemia and vein wall distension, which impairs perfusion and causes
endothelial hypoxia and leukocyte invasion of the vein’s media [61]. A progressive remodeling
process is then triggered consisting of hypoxemia-related venous/capillary wall injury, leuko-
cytes accumulation and adhesion, progressive blockage of capillary blood flow, and ongoing
damage of subcutaneous tissues and skin (lipodermosclerosis and skin ulceration) [62].

Usually, venous reflux and obstruction occur together [57]. Following obstruction, venous
recanalization occurs and blood flow through the vein is restored [61]. However, lysis of
the clot or thrombus is usually only partial and the residual thrombus might undergo fibro-
sis that may completely obstruct the lumen of the vein, for example involving leaflets [61].
Collateral blood circulation may develop in these cases and obstruction may be overcome
[57]. Sometimes, calf perforating veins may be an important collateral venous path when the
popliteal vein is involved, causing CVD of a secondary etiology [57].

The initial hypertension in CVD may also be caused by valvular incompetence alone [60].
Varicose veins may result from endothelial changes (reduced elastin and smooth muscle con-
tent, together with increased collagen) associated with hypoxia, causing weakened venous
tone [60]. Other changes include downregulated apoptosis [63], decrease energy for cell
metabolism and increased lysossomal activity [64].

3.1. Etiology and anatomical location of CVD

The etiology of CVD can be described as primary, secondary (post-thrombosis) or congenital
[13]. Although reflux is the major hemodynamic alteration in CVD, in secondary venous dis-
ease most of the cases present a mix of reflux and obstruction [58]. It seems that 80% of cases
of CVD have a secondary etiology of post-thrombotic pathology, and 20% are of primary
cause, as a result of valvular incompetence [57].

In the superficial system, the insufficiency is most often the result of a primary preexisting
weakness in the vessel wall or valve, as a consequence of a direct injury, excessive venous
distention caused by hormonal effects or high hydrostatic pressure, or secondary to venous
obstruction (i.e., phlebitis) [33, 59, 65, 66]. Failure in valve functioning (superficial veins) may
increase superficial venous pressure, resulting in venous dilatation and varicose veins [59].
Although the primary mechanism of valvular incompetence in superficial veins is not fully
known [57], it appears that first changes in the mechanical properties of the vein wall caused
by increased collagen content and decreased amount of elastin and smooth muscle, leading to
vessel enlargement occur and next, valvular insufficiency develops [57].

The perforating veins can also become insufficient by primary incompetence of vein valves or
secondary to venous obstruction [67]. In these cases, there is reflux from deep to superficial
venous system: with valve incompetence the reflux to saphenous veins may allow the re-entry
of venous blood to the deep venous system [67]. In the case of secondary incompetence, the
high intravascular pressures are transmitted to superficial veins, causing the enlargement of
dermal capillaries and increasing filtration to the interstitial space [57, 67].
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Deep veins insufficiency has been suggested to be the consequence of deep veins thrombosis
in the majority of cases, i.e., from secondary etiology [59]. However, primary deep venous
incompetence is also common (8-22% of the cases [12]) but is usually compensated by a strong
muscle [12, 57]. It seems that outflow obstruction and reflux caused by valve damage may
cause deep vein thrombosis and these two alterations together increase the probability of the
development of post-thrombotic syndrome [12, 61].

Deep venous thrombosis may also occur because of an intrinsic venous process, such as a
previous deep venous thrombosis episode with inadequate recanalization or venous stenosis,
or because of extrinsic compression, as in May-Thurner syndrome [66]. Also, it can be caused
by venous agenesis, such as in the Klippel-Trenaunay syndrome, trauma, surgical mishap,
and tumors [57].

Congenital CVD, in which case the condition is already present at birth, also exist. However,
this might be recognized only later in life, such as in the cases of the Klippel-Trenaunay (vari-
cosities and venous malformations, capillary malformation, and limb hypertrophy) [33] and
Parkes-Weber (venous and lymphatic malformations, capillary malformations, and arteriove-
nous fistulas) syndromes [66].

4. Venous edema and Lymphedema

CVD is the most common cause of edema with age 50 and over [68]. The venous edema is
a very common clinical manifestation of CVD, particularly in C3 to C6 classes [68-72]. The
chronic venous edema may blunt the metabolic and immunological capacity of tissues, thus
contributing to the risk of venous ulcer [72]. Venous edema occurs when there is an imbal-
ance between vascular filtration and reabsorption and lymphatic reabsorption [19]. About
90% of capillary filtration (proteins, plasma, and other components) is reabsorbed back to the
blood, and the remaining 10% is reabsorbed by the lymphatic circulation [20, 73]. In CVD,
blood filtration is increased due to the higher intravascular hydrostatic pressure and raised
endothelial permeability due to inflammation [19, 73]. In these conditions, venous edema may
occur [19, 20]. This is a pitting edema that gets worse through the day and improves during
sleeping because of the lying position and leg elevation. Usually, this edema is accompanied
by venous symptoms and signs [19, 20]. Clinically, venous edema is perceived as an increase
in fluid volume of the skin and subcutaneous tissue, characteristically diminished by pressure
[13]. Venous edema usually occurs around the ankle region, but may extend to the leg and
foot [13].

The principal physiological function of the lymphatic circulation is to guarantee homeosta-
sis between the vascular and interstitial fluid compartments [74] and this requires that the
lymphatic system compensates the excessive blood filtration at the blood capillary level [19].
Any failure in this process will result in accumulation of a protein rich fluid in the interstitial
space, which is associated with an inflammatory reaction, fibrosis, overgrowth of adipose
and connective tissue, and other symptoms that characterize the lymphedema [74]. There is
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some evidence of lymphatic failure in venous disease. For example, studies with lymphos-
cintigraphy, reveal that in post thrombotic syndrome the subfascial lymphatic drainage is
reduced that may explain edema and lipodermatoesclerosis seen in this situations. Also,
patients with ulcer have reduced lymphatic drainage, suggesting that lymphedema is a con-
tributing factor to ulceration [19]. Approximately 20- 30% of individuals with CDV have
mix edema (with venous and lymphatic component), because of fluid overload or recurrent
cellulitis [70].

Based on the cause, the lymphedema may be classified as primary (congenital or hereditary)
and secondary (acquire) forms [74]. Over one third of patients with CVD will have secondary
lymphatic dysfunction but when edema is present in these patients, there is the tendency to
misdiagnosis it as primary lymphedema [20].

When edema is at the dorsum of the foot, it is associated to squaring of the toes, thick skin,
and is of non-pitting edema type [33]. In these cases, it is assumed that a lymphatic compro-
mise exists [33]. The lymphatic circulation may compensate for the excessive filtration, but
lymph vessels also suffer damaged with time (microlymphoangiopathy), because of chronic
inflammation and accompanying subcutaneous and skin lesions [20, 66]. Therefore, venous
edema becomes compound with signs of lymphedema, with non-pitting edema and with
hyperkeratosis, papillomatosis, most in retro and post malleolar regions an in the lateral bor-
der of the foot [19]. Clinically, this secondary lymphedema may decrease with limb elevation
initially, but with time patients will refer aggravation of swelling in the morning and after the
night sleep because an increased osmotic pressure in the interstitial space caused by protein
blood extravasation [19].

5. Muscle Pump Function and dysfunction

The venous return from the periphery to the heart via the venous system is linked to the
action of a central pump (heart and respiratory cycle), periphery venous pump, a pressure
gradient, and competent veins and/or venous valves [43, 75].

The muscle pump refers to the hemodynamics effect of limb muscles contractions and ambu-
lation on venous circulation, which is twofold: (I) to enhance venous return from the lower
extremity, and (II) to stimulate local blood flow and raise muscle perfusion during muscle
contractile activity [43, 57]. The calf muscle pump has an important role for the effective
venous return and relies on dynamic interaction between the ankle joint, muscle fascia, mus-
cles of the calf and venous valves [43, 57].

During muscle contractions, the venous blood is forced in direction to the heart and the valves
prevent reflux during relaxation [27, 48, 76]. As deep veins are tethered to surrounding tis-
sues, muscle relaxation causes the veins to open, lead to a sudden drop in pressure within
these vessels [58, 77, 78]. The large pressure gradient caused by the drop in deep veins hydro-
static pressure enhances blood flow from superficial to deep veins trough perforator veins,
decreasing superficial venous pressure and enhances arterial inflow [43, 57].
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The basic concept of muscle pump operation is that the steep increase in intramuscular pres-
sure that accompanies contraction compresses the deep inner muscle veins and veins in
the nearby inter-compartmental spaces, expressing the blood across the unidirectional vein
valves. During muscle relaxation, intravascular pressure drops but venous blood backflow
is prevented by the rapid closure of vein valves. Vein walls are tethered to the surrounding
muscles and, therefore, veins are forced to open during muscle relaxation, resulting in large
dropping of hydrostatic pressure inside the deep veins, causing aspiration of the blood flow-
ing the superficial system through the perforator veins. The decreased venous pressure due
to the muscle pump action also raises perfusion pressure, thus leading to an increase in blood
flow across the limb. Despite the simplicity of this model, the efficacy of the muscle pump
relies on multiple factors and shows wide variation even among people free from venous
dysfunction [79].

Ambulatory venous pressure (AVP) and air plethysmography are gold standard methods
for evaluating muscle pump function (usually the foot and calf pumps together) [80, 81]. For
ambulatory venous pressure, the conventional procedure measures the intravascular hydro-
static pressure inside a dorsal foot vein, which is then taken as proxy of the pressure in the
veins of the lower extremity. The percentage decrease in AVP shows large variability even in
healthy control subjects. In a group of CVI participants, AVP decreased by approximately 75%
at the end of ten tiptoe exercise compared to basal values, with no differences in the magni-
tude of AVP decrease between people with different CVI severities [80]. However, compared
to healthy groups (CEAP CO0 class), CVI groups show a percentage AVP decrease that on aver-
age is only approximately 35% in CEAP classes C4...C5, a value that is half of that for partici-
pants in CO class [79]. Surely, the percentage AVP decrease plus the basal venous hydrostatic
pressure at foot level determine the ambulatory drop in hydrostatic pressure in dorsal foot
veins. In healthy people, the large percentage fall in AVP combines with normal basal hydro-
static venous pressure, so that in such cases mean AVP lowers to around 30 mmHg, contrast-
ing with mean AVP values >55 mmHg in C4-C6 clinical groups [79]. The AVP pressure has
a fairly good relationship with venous incompetence, with the risk of ulceration increasing
linearly with ambulatory venous hypertension. According to Nicolaides et al. [82], in a cohort
of 220 CVI patients the incidence of venous-related ulcers was 0% when AVP levels were <30
mmHg and attained 100% with AVP >90 mmHg.

The magnitude of decrease in AVP is determined by the amount of blood expressed by the
muscular contractions but also by the rate of refilling. The time taken to elevate the pressure
back to 90% of basal standing levels, a standard measure of recovery time (RT90), is negatively
correlated with venous insufficiency severity, being on average >20 s in healthy people and in
those with mild venous disease, lowering to approximately 2 s in severe clinical cases [79, 80].
Like for AVP, RT90 values are also predictive of the risk of ulceration [79]. Data obtained with
air plethysmography also confirms the presence of muscle pump deficiency in CVI. Standard
measures of air plethysmography include the ejection fraction, the venous filling index to
90% of the basal volume, the residual volume fraction, and the venous volume [80, 83][9,12].

These muscle pump function effects have the potential to alleviate symptoms and counteract
disability associated with chronic venous disease. The action of the muscle pump in moving
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venous blood centrally is well described and relies on an imbricate relationship between ana-
tomical and biophysical/physiological factors of at least three separate muscle pumps: the foot,
the calf, and the thigh muscle pumps thigh [57, 84]. The calf pump is the most important of the
three, as a result of its larger capacitance and highest pressure-generating ability. Together, the
foot, calf, and thigh muscle pumps assure near 90% of the venous return in the deep venous
system of the leg [85].

5.1. Thigh muscle pump

The calf muscles, and possibly the thigh muscles, act as a pump, also called as “peripheral
heart”, which can generate pressures of up to 300 mm Hg during exercise [86]. Nevertheless,
it has been suggested that thigh muscle pump has a minor effect in venous return, compared
to calf muscle pump [43, 57, 84].

The thigh muscle pump may be separated in a posterior division that includes mostly the
semimembranous muscle, and an anterior division made up by veins from the quadriceps
femoris muscle [32]. The veins inside the semimembranous muscle form longitudinal plexus
that are connected in the lower part of the muscle with the popliteal vein and with the deep
femoral vein upwards. The quadriceps femoris’ veins drain into a large trunk that often join
the deep femoral vein to end into the common femoral vein near the root of the thigh. The
venous valves of thigh veins may not be entirely competent thus allowing variations in the
volume of the thigh venous reservoir to occur with posture changes [84].

5.2. Calf muscle pump

The calf muscle pump is in sequence with the foot pump is the most important muscle pump
in the human circulatory system [27, 87]. The calf muscle pump is associated with the strong
triceps surae muscle and can be separated in two units: a first unit that includes the soleus
muscle (leg pump) and its veins, and a second unit situated in the upper leg region and com-
posed by the gastrocnemius muscle and respective veins (popliteal pump) [88]. The veins in
the soleus are organized in a lateral larger group and in a medial one. The lateral veins are
larger, run vertically and drain into the fibular veins near the superior border of the soleus
muscle. The majority of the medial veins drain horizontally into the posterior tibial veins at
different heights of the leg but few course vertically and laterally to join the fibular veins. The
gastrocnemius veins take their origin from the calf perforators at the lower part of the muscle
then giving origin to a number of pedicles that run upwards through the calf to terminate in
a single collector draining into the popliteal vein. Through this collector the gastrocnemius
pump powerfully ejects the blood into the popliteal vein, and anatomical variations in this
collector are linked to differences in calf pump efficacy [88]. Calf muscles contraction can ele-
vate the pressure to approximately 140 mm Hg and increase venous blood flow through the
popliteal and the femoral veins [32]. In competent veins, the centrifugal component during
muscle relaxation lasts approximately 200 to 300 milliseconds and represents the physiologi-
cal reflux, in incompetent veins the duration exceeds 500 milliseconds [32].
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Less efficient calf muscle pump function (CMPF) (involving especially the gastrocnemius and
soleus muscles) has also been related with muscle inflammation, reduced muscle oxygen sup-
ply, muscle necrosis, myofibril atrophy (muscle fibers type I and II) and muscle denervation
[28, 29]. A study by Araki et al. [89] concluded that venous insufficiency cannot fully explain
venous ulceration, pointing to deficient calf muscle pump as a primary factor in CVD-related
skin and tissue damage. Several studies show that early treatment, by exercising the muscle
pump, can prevent the most severe forms of CVD [14, 90]. The important role of CMPF on
the progression of CVD is well established, but in many individual cases impaired calf pump
function may go undetected until most severe changes become evident [91]. Therefore, assess-
able, accurate and non-invasive methods to evaluate CMPF are needed [30, 59, 90-92].

5.3. Foot muscle pump

The deep venous system of the foot forms a venous plexus that is composed by a lateral
vein, a medial vein, and a deep plantar arch. The lateral and medial plantar veins are usually
doubled and course either intramuscularly or in between the plantar muscles from a lateral
position distally to a medial position near the ankle, where they drain into the paired poste-
rior tibial veins [93]. The deep plantar arch and the lateral and medial plantar veins receive
blood from superficial veins located in the sole of the foot and from the metatarsal veins [85,
93]. The plantar deep venous system is connected with the superficial veins on the dorsum of
the foot via several perforator veins. The link between these two venous systems is specially
well developed between the medial plantar vein and the medial marginal vein, forming what
has been named the “medial functional unit”, which possesses the unique feature of blood
flow being directed from deep to superficial vessels [85, 94].

The physiology of the foot pump is still not totally clear. The anatomical design of the deep
plantar system, characterized by the presence of paired veins flanking an artery and joined
together by connective tissue, and by the close relation between these veins, the plantar mus-
cles and the metatarsophalangeal joints, is well suited to enhance venous blood flow during
weight bearing and ambulation. These imply that the foot pump expels the blood through a
double mechanism: contact of the foot with the ground, resulting in extension of the tarsal
arch and metatarsophalangeal joints associated with compression of the deep veins and the
calcaneous plexus, and by contraction of the plantar muscles surrounding the blood reservoir
of the deep venous system [88, 93-95]. The foot pump empties during the stance phase of the
gait, as a result of weight-bearing, and pushing off action, and refills during the swing phase,
when the foot is cleared from ground contact. Through its mechanisms, this pump moves
25-30 mL of blood, equal to the capacity of the deep medial and lateral plantar veins [94].
Individual differences in plantar support and in the pattern of the foot muscles contraction
during the stance phase of the gait cycle have the potential to modify the efficacy of the foot
pump [96].

These two mechanisms (weight bearing and muscle contraction), however, do not work syn-
chronously, with plantar compression acting first then followed by the action of the muscle
contractions at the foot [93]. These two different foot pump mechanisms may both be present
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during the stance phase of the gait cycle, but would be active ats [93]. Also, certain clinical
conditions of CVD could be explained by a conflict between the mechanisms of the foot pump
and the leg pumps [97]. The knowledge about the interaction of the lower limb muscle pumps
during contraction/relaxation as a mechanism for venous return is still quite poor [57].

5.4. Impairment of calf muscle pump and functional capacity

Calf muscle pump dysfunction might be caused by weakness of calf muscles but may also be
related to decreased range of motion around the ankle joint during walking and other move-
ments [30, 75, 78, 98], neuropathy, muscle denervation or muscle atrophy, or gait abnormali-
ties [29, 36, 43].

Ankle function plays an important role in mobility [36]. Distal leg muscles may exhibit reduc-
tions in strength and power with aging, and these affects walking, balance, and increases the
risk of falling [99]. Impaired ankle muscles strength has been associated with falls [100]. The
power output by dorsiflexion muscles has been found to be closely associated with function
in community-dwelling older women in terms of their ability to get up from and sit down on
a chair and climb stairs [100]. Plantarflexion strength has been shown to be positively related
to both preferred gait speed and fast gait speed [100].

Patients with CVD present limited ankle range of motion [36, 45, 47, 78, 98]. Diminished ankle
mobility tends to aggravate as CVD progresses and in parallel with increasing severity of
symptoms, thus further contributing to a poor CMPF [78, 98]. Together with decreased ankle
range of motion, there is also decreased muscle strength of dorsi and plantarflexors [30, 75],
with decreased peak torque, power ability [36], muscle resistance (number of heel rises) [45],
and total work performed by the ankle plantarflexors [75]. Other functional alterations asso-
ciated with CVD include decreased gait speed [36, 45], decreased number of steps per week
(in venous ulcer patients) [101], and generally impaired functional capacity and mobility [36].
Also, changes in ankle function alters foot pressure distribution during gait that becomes
higher at the midfoot and lower at the toes [43].

These functional alterations, specially the decreased strength of the calf muscles and reduced
ambulation, contribute to venous hypertension [30, 43, 46, 47, 57, 98]. Dysfunction of the mus-
cle pumps leads to venous blood not being effectively emptied out of the distal extremity [30].
This rarely occurs as a “primary” disorder in neuromuscular conditions or muscle wasting
syndromes; however, clinically significant muscle pump dysfunction often occurs in severe
reflux or obstruction [92]. Muscle pump dysfunction appears to be a major mechanism for
the development of superficial venous incompetence and its complications, such as venous
ulcers, and around 70% of patients with venous ulcer present calf muscle pump dysfunction
[48, 66, 89, 91, 102].

Venous blood flow increases during calf muscle contractions in individuals with or without
CVD. Popliteal peak flow volume is maximal during the first contraction of the tip-toe set
of ten repetitions when the venous reservoir is full [103]. In the CVD patients, but not in
the healthy subjects, venous flow augmentation was seen to diminish during the ten tip-toe
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exercise [104]. Such apparent calf pump dysfunction might be related to weak calf muscles in
CVD patients [29, 30] and is compatible with a lower ejection volume, such as has been mea-
sured before in this population with air-plethysmography [92]. In addition, abnormal venous
blood reflux from deep to superficial venous system through incompetent perforator veins
may blunt blood flow through the popliteal vein [104].

Nonetheless, it seems that calf muscle size is not a strong indicator of the efficacy of muscles
to pump venous blood during contractions in patients with venous ulcer [105]. Also, gas-
trocnemius thickness and some other muscle architectural features, like pennation angle, are
similar in patients with low to moderate CVD severity and healthy participants, and seem
unrelated with the severity of CVD [104]. Despite this fact, for the medial gastrocnemius, a
few morphological parameters (like higher muscle fascicle length, and pennation angle) are
associated with the degree of increase in peak flow velocity in the popliteal vein during tip-toe
movement [104].

6. Clinical and functional assessment of CVD (CEAP classification,
VCSS)

6.1. CEAP Classification

Health professionals-reported outcomes, such as VCSS and CEAP classification, are conve-
nient, easily evaluated, and relevant [15].

The CEAP classification was created to facilitate communication about CVD severity and for
scientific research [13]. The CEAP classification was based on 1) clinical manifestations (C),
2) etiologic factors (E), described as congenital, primary, secondary (post-thrombotic), 3) ana-
tomical distribution of disease (A), that can be located at superficial, perforator or deep veins,
and 4) underlying pathophysiological findings (P), such as reflux, obstruction or both reflux
and obstruction [13]. Subscripts are applied to designate S (symptomatic) from A (asymptom-
atic) limbs [65]. According to CEAP, there are six CVD categories that range from CO to C6
[13, 65]. Also, the N subscript indicates no evidence of disease and is applicable to E, A, and/
or P of CEAP [13, 65].

The C, represents those individuals with objective evidence of venous disease (i.e., E, A, and/
or P), but with no clinical manifestations. The C, is characterized by the presence of telangi-
ectasia or reticular veins (< 3mm in diameter). In the C, class varicose veins (> 3 mm in diam-
eter) are present. The C, distinguishes itself from the preceding categories by the presence
of edema of venous etiology. In the C . class, there are now skin trophic changes, like C " for
pigmentation and/or eczema, and C,, for lipodermatosclerosis and/or white atrophy. Classes
C, and C, are associated with the occurrence of venous ulcers: the C, corresponds to cases of

prior ulceration that healed, and C, to cases with active venous ulcers [13, 65].

Reticular veins, also called blue veins, subdermal varices, and venulectasies, are dilated sub-
dermal veins, usually 1 mm to less than 3 mm in diameter and with tortuous paths [13].
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Telangiectasias, also called spider veins, hyphen webs, and thread veins, represent the conflu-
ence of dilated intradermal venules less than 1 mm in caliber [13].

According to the guidelines, varicose veins (also called varix, varices, and varicosities [13])
should be palpable in an upright position and represent abnormal veins with at least 3 mm in
diameter, [3, 13, 33]. Varicose veins can be present as a result of hypertension caused by reflux
and/or obstruction, as discussed before [12, 57].

The development of varicose veins most frequently involves the saphenous veins, saphenous
tributaries, or nonsaphenous superficial leg veins [13]. Varicose veins are usually tortuous,
but tubular saphenous veins with demonstrated reflux may be classified as varicose veins
[13]. Corona phlebectatica, also called malleolar flare and ankle flare, is commonly viewed as
an early sign of CVD, and designates the accumulation of numerous small intradermal veins
packed together on the medial or the lateral aspects of the ankle and foot [13].

The venous edema is a pitting edema that get worse through the day and static positions and
improves at night with decrease hydrostatic pressure , accomplished for example in supine
position and lower limb elevation, and usually is accompanied with venous symptoms and
signs [19, 20].

The presence of pigmentation means that the skin becomes darker and brownish [13]. This
results from extravasation of red blood cells into the interstitial space [57]. Blood extravasa-
tion and skin pigmentation is most noticed around the ankle, but may also be visible in the
leg and foot [13, 106].

Atrophie blanche (white atrophy) is an induration of tissues This skin alteration, that should
not be confused with healed venous ulcers, is usually well localized. and has the shape of a
circular white and atrophic skin surrounded by dilated capillaries and sometimes by hyper-
pigmentation [13, 106].

Lipodermatosclerosis is also clinical sign of tissue induration, characterized by local chronic
inflammation and fibrosis of skin and subcutaneous tissues at the lower region of the leg (also
compromising the Achilles tendon), sometimes preceded by diffuse inflammatory edema
of the skin, which may be painful and which often is referred to as hypodermitis [13, 106].
Clinically, lipodermatosclerosis must be differentiated from lymphangitis, erysipelas, or cel-
lulitis by their characteristically different local signs and systemic nature characteristics [13].

The eczema is an inflammation process, erythematous dermatitis, which may progress to
blistering, weeping, or scaling eruption of the leg skin, and may be located anywhere in the
leg [13, 106]. Eczema is very frequent in uncontrolled CVD, but may also be associated to
sensitization to local therapy [13].

Venous ulcers are the worst clinical sign of CVD and represent the loss of integrity of the skin,
with a full-thickness defect and occur most frequently near the ankle region [13], at the site
of major perforating veins and the greatest hydrostatic pressure [66]. Venous ulcers are also
characterized by failure to heal spontaneously and are sustained by CVD [13].
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The CEAP classification is the gold standard for classification of chronic venous disorders
today and its use is recommended by the relevant guidelines [33]. Nevertheless, for proper
use of CEAP some facts have to be taken into account: the CEAP classification is limited as
a severity classification, C, summarizes all kinds of varicose veins, in C, it may be difficult
to separate between venous and other reasons for edema, and corona phlebectatica is not
included in the classification [107]. Further revisions of the CEAP classification may help to
overcome the still-existing deficits [107]. Complementary to this classification system, some
concepts were defined to give consistency to the scientific terms, like the CVD concept that
designates any venous disorder associated to every clinical class, and the concept of chronic
venous insufficiency, which represents the more severe stages of the disease (C,,) [13, 65].

The CEAP classification is the gold standard for classification of chronic venous disorders
today, and its use is recommended by the relevant guidelines [33]. Nevertheless, when using
the CEAP system a few issues must be acknowledged: as a classifications system the CEAP
has limitation. For example in C,, it may be difficult to separate between venous edema from
edema with other causes [106].

6.2. Venous clinical severity score (VCSS)

The Venous clinical severity score (VCSS) was developed to supplement the CEAP classifica-
tion and to give an additional weight to the more severe consequences of CVD [108]. The VCSS
score has shown good intra- and inter-observer reliability and responsiveness to change [108-
110]. This is a score that quantifies 10 items using the range: 0 (none), 1 (mild), 2 (moderate),
and 3 (severe), with a total range score of 0-30 (best to worth) [106, 108-110]. In CEAP classes C,
to C,, the VCSS score is reported to range between of 3-18 [111]. A worthwhile clinical improve-
ment for patients with CVD can be observed with a relative improvement of 70% in VCSS score
[110] or with an absolute improvement of 4 points [7]. Differences between clinical classes are
1-2 points of VCSS below C,, and 2-5 points above C, [111]. The items of the VCSS are:

* Pain or discomfort; (i.e., aching, heaviness, fatigue, soreness, burning, with presumed ve-
nous origin), patients are asked to describe for each leg the category that best describes this
item;

* Varicose veins (with diameter <3 mm in standing position);

* Venous edema (presumed venous origin, i.e., pitting edema present every day and with
significant changes by standing/limb elevation or evidence of venous etiology, like varicose
veins or history of deep vein thrombosis) - clinical staff must exam both legs and should
ask patients about the extent of edema experienced;

¢ Skin pigmentation (presumed of venous origin and not including focal pigmentation over
varicose veins or pigmentation due to other chronic diseases) - clinical staff must exam
each leg;

* Inflammation (more than just recent pigmentation, like erythema, cellulitis, venous ecze-
ma, dermatitis);

¢ Induration (presumed of venous origin with secondary skin and subcutaneous changes, such
as chronic edema with fibrosis, hypodermitis, white atrophy, and lipodermatoesclerosis);
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e Active ulcers number

* Active ulcers duration (patients are referred to describe the duration of the longest un-
healed ulcer);

* Active ulcers size (score according the size of the largest active ulcer);

¢ Use of compression therapy (patients should be asked about their compliance to compres-
sion therapy).

* The assessment of the items of VCSS score should be carried out for both legs.

Despite their relevance, VCSS and CEAP evaluation can be biased by observer expecta-
tions and because patient-reported outcomes are recognized by medical authorities as the
ultimate outcome for health-care interventions, self-reported assessment of symptoms and
HRQL is recommended for CVD as well [15, 112]. The most comprehensively validated
scales for assessing HRQL in CVD include the chronic venous insufficiency questionnaire
(CIVIQ), for population with CVD and without ulcer; the Aberdeen varicose vein question-
naire (AVVQ), for population with varicose veins; and the venous insufficiency epidemio-
logical and economic study on quality of life (VEINES-QOL), for population with CVD of
all classes [113].

7. Conservative treatment of CVD

The main goals of conservative treatment for CVD, used as an adjunctive treatment or in isola-
tion, focus on both the symptoms and secondary changes of the disease, such as for instance,
edema, skin and subcutaneous changes or ulcers [33], and the prevention of secondary com-
plications, like venous thrombosis [114]. Usually, initial treatment of CVD involves a non-
invasive conservative treatment to reduce symptoms and help prevent the development of
secondary complications and the progression of the disease [66]. Complementary, or posteri-
orly, some interventional or surgical treatments can be undertaken [33, 66].

Behavioural education, like giving advices to raise the legs to minimize edema and reduc-
ing intra-abdominal pressure, about the right exercises, for using compressive stockings and
proper care of the skin and wounds, together with pharmacological therapy, is the most com-
mon referred conservative treatments [33, 66]. The conservative pharmacological treatment
with venoactive drugs may be indicated for patients with pain and edema and should be imple-
mented in association with compression for healing venous ulcers [33]. If conservative treat-
ment is unsuccessful or provides an unsatisfactory response, then further treatment, including
surgery, should be considered based on anatomic and pathophysiological features [66].

Interventional treatments, like sclerotherapy, ablative therapy with endovenous radiofre-
quency and laser, endovascular therapy, are less invasive than surgery for treating CVD [66].
It has been recommended to use these techniques to treat superficial incompetence (endove-
nous thermal ablation, as laser and radiofrequency) and varicose veins (sclerotherapy) [33].

Surgical treatments are recommended in severe forms of CVD, like venous ulcers that did not
heal after 6 months of treatment [66]. There are several surgical procedures described in the
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literature, like ligation, stripping and venous phlebectomy, subfascial endoscopic perforator
surgery or valve reconstruction [66].

In CVD, compression, like that provided by stockings, is recommended as a primary treat-
ment, except when patients are candidates for vein ablation, in which case compression is also
suggested as an adjuvant treatment, particularly to prevent ulcer recurrence [33]. Compression
therapy is recommended as a complement to surgery (like stripping), and to venoactive drug
treatment, in order to control edema and pain, and to enhance venous ulcer healing [33].

The severity of the disease is related with the difficulty of the peripheral venous system to
evacuate the venous blood from the periphery in the direction of the heart [33], resulting in
venous stasis [33, 115]. Furthermore, it is assumed that there is a strict relation between blood
flow velocity and secondary deep vein thrombosis [114]. The prevention of stasis is a main
goal in CVD treatment and decisive in preventing venous complications and is frequently
done through conservative approaches. Conservative CVD treatment might include intermit-
tent pneumatic compression [116], compression stockings and bandages [77, 117, 118], and
muscle pump activation using electrical muscle stimulation [77, 119], transcutaneous electri-
cal nerve stimulation [119], or active and passive movements [103, 119]. In this regard, MLD
maneuvers may be an alternative treatment to enhance venous flow [21-23]. Nevertheless,
this intervention needs specialized professionals and could be an expensive health care treat-
ment. Teaching caregivers or patients simple lymphatic drainage, despite the lower efficacy
showed in the treatment of lymphedema, when compared with MLD applied by profession-
als [25], could be an alternative.

The important role played by the ankle range of motion and calf muscle strength in the effi-
cacy of CMPF is now widely recognized [30, 36, 43, 45, 90]. Likewise, altered CMPF seems to
play a key role in the physiopathology of CVD [30, 36, 43, 45]. Physical exercise is nowadays
widely recommended for CVD management [90, 120]. In previously conducted randomized
controlled trials, exercise training in patients with CVD [90] or with post-thrombotic syn-
drome [120] was shown to improve calf muscles’ peak torque at slow (60%/s) and fast (120%/s)
speeds [90], maximal heel rise repetitions [120], CMPF [90], and HRQL [120]. However, the
role of physical exercise in ameliorating the measures of clinical severity of CVD or in improv-
ing few performance features, such as joint range of motion or work and power ability of
ankle plantarflexors could not be clearly demonstrated [90, 120].

8. Manual lymphatic drainage

There are four recognized techniques of MLD: the Foldi [121], Vodder [122], Casley-Smith
[123] and Leduc [124].

The four methods of MLD show some differences, but the major basic principles are very
similar. In short, the maneuvers should be applied softly (with specific exceptions), should
consist of a skin-stretching form of massage (not sliding), should comply with the direction of
lymph flow, should be done using the entire hand or exceptionally with fingers, and should
begin at the proximal regions of the extremity [122-126].
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MLD is used as a conservative treatment of lymphedema, independently of the specific
method [127]. In the case of the Leduc method, MLD consists of a skin-stretching [127] form
of massage that applies low pressure (<40 mm Hg) to the underlying tissues [124] along the
anatomical distribution of the superficial lymphatic vessels and ganglions, stimulating lymph
flow [128, 129] and the reabsorption of interstitial fluid and macromolecules through the lym-
phatic circulation [124, 128, 129]. At the lower extremity, the call-up maneuver, a technique
belonging to the Leduc method initiates with inciting (or call-up) maneuvers in the ingui-
nal region (ganglionar stimulation) and then progresses distally along the lower extremity
down to the edematous region, again employing call-up maneuvers, in order to stimulate
lymph flow by enhancing the contractility of lymphagions of lymph collectors, [128, 129]. The
reabsorption maneuver, another Leduc technique, is then applied over the edema to drain
the interstitial fluid and soluble macromolecules through the lymphatic circulation [128-130]
by stretching the leak filaments (connections between connective tissue to endothelial cell of
lymphatic capillaries) when the skin is mobilized [128-130]. The whole procedure ends with
a second round of call-up maneuvers, which are then applied in the reverse direction, ending
at the groin region, in the case of the lower limb [128, 129]. Technically, the call-up maneuver
initiates with the most proximal part of the hand and ends with the hands touching the skin
while producing skin-stretching and is applied to promote the increase of lymph flow [128,
129]. The reabsorption maneuver initiates with the most distal part of hand and ends with
hands touching the skin while applying skin-stretching [128, 129].

8.1. Contraindications/Precautions

There are several contraindications and precautions for MLD and decongestive lymphatic
therapy. It is suggested that cardiac, pulmonary and renal functions should be monitored
because of temporary increase in blood flow and circulatory loading [73]. As for the contrain-
dications, the literature describes erysipelas, lymphatic systemic infection and lymphangitis,
meaning inflammation of the lymphatic system, as absolute contraindications for MLD and
decongestive lymphatic therapy [131]. Severe renal and heart failure are also contraindi-
cations for the use of multilayer bandages and intermittent pneumatic compression [132],
whereas caution should be enforced when employing MLD in patients with severe cardiac
insufficiency [128, 131, 132]. Unstable hypertension, thyroid dysfunction, hepatic cirrho-
sis with abdominal fluid (ascites), superior vena cava obstruction, untreated tuberculosis
or malaria, are also contraindications for physical treatment [131, 132]. If swelling occurs
for a long time after initial breast surgery, medical examination should be sought and any
physical treatment will be stopped if inflammation occurs [132]. Also, Crohn disease, recent
surgery, and diabetes are some additional clinical conditions that may be monitored for
precaution [73].

8.2. Manual Lymphatic Drainage in Lymph edema

There are several indications for the use of MLD other than lymphedema, like CVD, post-
thrombotic syndrome, chronic wounds, traumatic edema (iatrogenic, postsurgical, and mus-
culoskeletal injury), complex regional pain syndrome, and lymphedema [73].
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The evidence of MLD for the treatment of edema (related to cancer or traumatic during
sport activity, or other orthopedic injuries) [25, 26, 133] and in improving functional status
(related to total knee arthroplasty) [24] is unclear but has been considered somehow effective,
but more research is needed. Nevertheless, MLD might have an important role in CVD by
improving HRQL, symptoms [134, 135], and range of motion [24] when edema/lymphedema
is present. In palliative treatment, MLD improves pain and dyspnea [25].

Based on a systematic review, the importance of MLD for preventing the incidence of lymph-
edema is unclear [25]. A meta-analysis shows that MLD does not provide further therapeutic
benefit in reducing lymphedema related to breast cancer, when compared to the standard
treatment or with compression therapy [25], but another study has demonstrated a benefit
when employing MLD in these cases [136]. However, the small benefit of MLD must be evalu-
ated together with its cost in terms of time and money spent by patients and health care sys-
tems and such cost-benefit evaluation favours the option for compression therapy by using
multilayer bandages or compression hosiers and adding MLD only if the response to treat-
ment is unsatisfactory [136].

Lymphatic drainage employing a simpler sequence, but using the same principles as MLD, in
a way that can be applied by patients as a self-drainage [137, 138] is less effective than MLD
in reducing limb volume or lymphedema related to breast cancer but can be used as a more
economical MLD option [25].

It has been also suggested that MLD, despite the augmentation of lymph flow (increasing
lymphagion contraction and lymphatic reabsorption), might also be responsible for increas-
ing arteriolar blood flow, redirection of flow toward collateral vessels, anastomoses, and
perhaps stimulating angionesis, but these hypothetical effects of MLD need scientific evi-
dence [73].

Younger patients, those heavier in weight and higher in body mass index are more likely to
show poor lymphedema treatment outcome after intensive decongestive therapy [25]. When
an elastic sleeve and multilayer bandaging are associated to MLD, there is a higher chance
that the lymphedema treatment is successful [139].

Decongestive lymphatic therapy is the physical treatment for lymphedema by combining
MLD with other treatments, like low-stretch bandaging and compression garments, exercise,
and skin care, and sometimes also with intermittent pneumatic compression [30, 127, 140].
This method may reveal itself as effective in the treatment of lymphedema of the lower limb
as it is for that affecting the upper limb as a result of cancer [135, 141].

Most often, decongestive lymphatic therapy is applied along two phases: the first is the edema
reduction and intensive one, and the second one is the maintenance phase [127, 142, 143].

Decongestive lymphatic therapy is often prescribed for patients with venous ulcer and when
CVD are associated with mixed edema (lymphatic and venous origin), now combining MLD,
compression bandages, and stocking, physical therapy to improve calf muscle performance,
and in few cases, intermittent pneumatic compression [16]. In the case of CVD, wearing com-
pression garments is essential for treatment efficacy [16, 143].
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8.3. Manual lymphatic drainage in CVD
8.3.1. The technique

The manual technique of MLD is not usually described in the literature. Nevertheless, based
on research [21-23], the hands of the physical therapist must do the maneuvers producing a
low pressures form of skin stretching. The pressure applied by the hands onto the skin and
underlying soft tissues should be carefully adjusted to remain soft and just enough to stretch
the skin for at least 4 s. When both legs are treated, the whole session take approximately
40-45 min [17, 18, 21]. The duration and the number of sessions at the studies assessing the
role MLD in CVD patients [17, 18] are similar, during 2-5 weeks, patients should complete
10-14 sessions of MLD.

The sequence of the maneuvers follows that commonly used for lymphedema, first, moving
from proximal to distal and, second, moving from distal to proximal [128, 129]. The maneu-
vers can be applied in the following sequence: inguinal region (10 MLD maneuvers), pro-
gressing downwards through the thigh, (30 MLD maneuvers at medial and 30 at lateral aspect
of thigh), the popliteal region (10 MLD maneuvers applied immediately above the popliteal
fossa and another 10 times maneuvers performed immediately below the popliteal fossa),
downwards to the leg (30 MLD maneuvers at medial and lateral aspect of leg), and finishing
in the dorsal aspect of the foot 30 MLD maneuvers). Next, the maneuvres should be carried
out in the reverse order upwards: 15 maneuvers on the dorsal aspect of the foot, 15 maneuvers
both on lateral and medial aspect of the leg, 5 maneuvers both below and above popliteal
fossa, 15 maneuvers above both the lateral and above the medial aspect of the thigh, 5 MLD
maneuvers on the inguinal region (Figure 1)[21]

8.3.2. Physiological effects in venous hemodynamic

Some studies suggest that MLD has an effect on blood flow in superficial veins, especially
through the call-up maneuver [144]. Also the real impact of MLD in hemodynamics has been
suggested to be insignificant [128]. One study concluded that 5 to 15 minutes of MLD does not
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Figure 1. Venous ultrasound assessment at popliteal vein during 1st and 10th calf contraction. Venous ultrasound
assessment at popliteal vein during 1st (A) and 10th (B) calf contraction, during tiptoe movement for both control (no
CVD) and CVD (C-C)) groups.
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change cardiac output in patients with heart failure despite the near 100% increase in venous
return after 5 minutes of MLD [128]. Nevertheless, recent studies reveal that in real-time the
blood flow in superficial and deep veins increase, despite the presence or absence of venous
pathology [22, 145].

Current concepts regarding MLD indicate that each maneuver should take around 4 s from
beginning to end [22, 23, 129]. MLD techniques, which are based on manual stretching of
the skin and underlying soft tissues, increase venous blood flow along the superficial veins,
as has already been suggested [144], but also along the deep venous system, which course
beneath the deep fascia. As commonly taught, the call-up maneuver is applied in a proxi-
mal to distal direction and enhances venous blood flow. The reabsorption maneuver instead
begins distally and then moves proximally, stimulating lymph flow and fluid reabsorption
[129]. One study does not substantiate such differential effects between the two maneuvers
[22]. In fact, the two maneuvers enhanced venous blood flow to a similar extent and in both
deep (femoral vein) and superficial (great saphenous vein) veins.

The amount of strain applied to the skin and deeper tissues by MLD is not known. Although
studies using radiolabelled tracers demonstrate the efficacy of MLD in stimulating lymph flow,
the exact mechanisms by which these techniques work are not fully elucidated [121, 130]. Skin
and deep fasciae are connected by ligamentous structures at the level of the thigh, knee, pop-
liteal fossa, and leg, which give stability to the skin and act like an anchor during lower limb
movements [146]. The skin stretching applied during MLD might produce enough increase in
pressure upon underlying structures to enhance venous flow in superficial and deep veins, as
occurs during the physiological stretching of the skin during limb movement [147].

MLD must take into account venous anatomy and venous blood flow direction just like the
lymphatic anatomy and the lymph flow directions, particularly when applied to larger body
segments (like the course of GSV), such as the thigh, to be more effective in increasing venous
flow [23, 128, 129, 145, 148].

The increased blood flow in the superficial veins would result in higher blood flow across
perforating veins and into the deep veins, thereby raising blood flow in the deep venous
system as well. In addition, the pressure applied to the skin, as said before, would probably
reach the muscles underneath, and pressure would also increase in deep seated structures
including veins, further stimulating blood flow. Also, muscle tone might increase during the
time MLD techniques are being applied, induced by the manual stimulation, or in response to
the movement of the lower extremity, which could have contributed to the observed increase
in venous blood flow.

8.3.3. Therapeutic efficacy of manual lymphatic drainage for treatment of patients with chronic
venous disease

MLD has also been used as a conservative treatment for CVD, [16], mostly when venous
lymphedema is present [19, 20]. MLD applied before surgery in patients with CVD improves
the clinical class of CEAP classification, HRQL, depression, anxiety, edema, and symptoms
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[17, 18, 21]. Nevertheless, foot volumetry and reflux volume index only improve when MLD
is associated to surgery and compression stockings [17, 18].

Previous studies show that MLD (10 sessions in 2 weeks) used in CVD patients who were
referred to vascular surgery is effective in diminishing pain and edema and in improving
HRQL [17]. When employed for a longer period of time (14 sessions in 5 weeks), MLD also
seems to effectively contribute, together with surgery, to improve CVD severity [18]. However,
such effect of MLD could be explained by faster recovery during the post-operative time.
However, a recent study reveals that MLD (4-weeks period of MLD treatment, comprising
ten 40 to 45 min-duration of each of 10 sessions) has a real effect in improving CVD-related
symptoms, pain-HRQL and clinical severity (mostly related to venous edema), independently
from vascular surgery, with the positive outcomes of MLD persisting after 1 month follow-
up [21]. Nonetheless, MLD seems to be ineffective in changing leg volume, ankle muscles
strength, ankle active range of motion, and the physical, social or psychological components
of HRQL of CIVIQ [21].

There is no evidence that MLD treatment may significant change ankle muscles performance
(either during plantarflexion or during dorsiflexion) and ankle range of motion. However, the
role of physical exercise in ameliorating the measures of clinical severity of CVD or in improv-
ing some performance features, such as joint range of motion or work and power ability of
ankle plantarflexors, could not be clearly demonstrated [90, 120].

However, the possibility that MLD might improve ankle function during more natural activi-
ties, such as gait, has not been assessed yet.

MLD increases peripheral venous blood flow in superficial and deep veins in normal limbs
and in those with CVD and may be an important conservative treatment for prevent blood
stasis and its complications [21-23, 125]. The prevention of stasis, by increase venous return,
is a main goal in CVD treatment and decisive in preventing venous complications, and there
are several conservative approaches [114]. During the application of the MLD maneuver (with
pressure <40 mmHg), the volume of venous blood outflow from deep and superficial veins
increases substantially without collapsing the veins [22, 23].

Studies suggested that despite the increase of venous flow during MLD being similar in
healthy and CVD groups (C, ,), in most severe cases of this disease this augmentation might
not occur [22, 23]. CVD causes significant damage to the skin and underlying tissues. Persistent
inflammation of the skin leads to disease complications such as lipodermatosclerosis, charac-
terized by fibrosis and microcirculatory changes [149], leg edema [27] may interfere with the
movement of the skin and underlying soft tissues essential to MLD efficacy.

The adherence to compressive stockings is usually decisive to manage symptoms and com-
plications of CVD and venous stasis [150]. Some studies refer the importance of wearing
compression stocking during the application of MLD [17, 18]. In one study, 23 out of the 41
patients did not wear compression stockings and only four participants fully adhere to this
treatment, with no influence on MLD efficacy. However two patients in the control group
(no MLD treatment) were excluded during the study because they present deep venous
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thrombosis and coincidently these two participants did not comply with the use of compres-
sion stoking [21].

8.4. Recommendations for treating CVD with MLD

MLD should be applied as a low pressure, manual skin-stretching form of massage applied
from distal to proximal throughout the lower limb, with the two hands of the physical thera-
pist placed side by side and respecting the anatomy and flow of venous vessels, in order to
increase venous return from the lower limb in subjects with or without CVD (C, ).

MLD treatment for CVD should be applied during 2-5 weeks; patients should complete 10-14
sessions (45 min duration for both legs) of MLD. The sequence of MLD maneuvers should
be applied proximal to distal, followed by a sequence in reverse direction (i.e., from distal to
proximal) such as recommended for lymphedema [124, 128]. Because inflammation may be
present in these patients, direct manual skin-stretching should be avoided over the edema, as
for local inflammation in lymphedema. Although there is no evidence of the efficacy of MLD
in treating venous ulcer (C,), it can be applied in these patients as long as no contraindications
are present [21].

Despite no evidence that MLD prevent secondary complications associated to venous stasis,
like venous thrombosis, the use of MLD may be an option to increase superficial and deep
venous flow [23, 104]. In particular, MLD is recommended before venous surgery and should
be complemented with compression stockings [17, 18].

It is recommended to use MLD to relief edema, symptoms, severity of disease, and ameliorate
HRQL. These effects are more consistent when MLD is used as a coadjutant treatment of com-
pression stocking [17, 18, 21]. When adherence to compression treatment is difficult, MLD can
be an option to relief symptoms and improve HRQL in patients with CVD [21].

Compromised muscle pump function, low muscle strength, and limited ankle range of motion
can be addressed with other conservative approaches, like physical exercise.

9. Conclusion

CVD is a very common disease across the world. Despite the cosmetic issues, there are very
important dysfunctions associated with this pathology, like muscle pump dysfunction,
symptoms like pain, limitation of range of motions and muscle strength, gait alterations,
Lymph(edema), higher risk of deep venous thrombosis, among other. Physical therapists
may have an important role in assessing (using a uniformed procedure with other health pro-
fessionals) and treating these dysfunctions using a wide number of strategies, like exercise,
Kinesio taping, and others. MLD may be an alternative coadjutant conservative treatment of
patients with CVD, previous or not to surgery. Although there is already information about
the importance of MLD as a treatment choice for CVD, further research is warrant to deter-
mine the best way to combine this approach with the existing CVD treating tools.
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Abstract

Physiotherapy in mental health care and psychiatry is a recognized specialty within
physiotherapy. It offers a rich variety of observational and evaluation tools as well as
a range of interventions that are related to the patient's physical and mental health
problems based on evidence-based literature and a 50-year history. Physiotherapy in
mental health care addresses human movement, function, physical activity and exer-
cise in individual and group therapeutic settings. Additionally, it connects the physical
and mental health needs of humans. This chapter offers general reflections on mental
health, the scope of physiotherapy in mental health care and physiotherapy research.
Physiotherapy in mental health care and psychiatry can offer added and beneficial value
to the treatment of people with mental health problems.

Keywords: psychomotor therapy, exercise, physical activity, body awareness,
psychosomatic physiotherapy

1. Introduction

Mental health is a topic of growing interest in society. Various mental health organizations
are engaged in the prevention, treatment and rehabilitation of persons with mental health
problems and disorders. Unfortunately, physiotherapy is not always considered to be a sig-
nificant profession within mental health because the role and the added value it offers can
remain unclear among patients and other health care providers. However, physiotherapy is
a recognized conventional profession within health care and can offer an extensive range of
physical approaches (physical activity, exercise, movement, relaxation techniques and body
and movement awareness). These approaches are aimed at symptom relief, the enhancement
of self-confidence and the improvement of quality of life. Additionally, they are relevant to
rehabilitation programmes in mental health care.
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The goal of this chapter is to present an overview of why physiotherapy in mental health is nec-
essary and what it can offer to fulfil requests for help and to increase the quality of life of persons
with mental health problems. It describes physiotherapy methods and their applications in the
fields of mental health and psychiatry.

2. Mental health

Mental health refers to cognitive and/or emotional well-being. More concretely, it refers to
how a person thinks, feels and behaves. Mental health can affect daily life, relationships, the
ability to enjoy life and even physical health. Mental health involves finding a balance between
life activities and efforts to achieve resilience. According to the World Health Organization
(WHO) [1], mental health is “a state of well-being in which the individual realizes his or her
own abilities, can cope with the normal stresses of life, can work productively and fruitfully,
and is able to make a contribution to his or her community'. More concrete mental health
includes different components of life; for example, in terms of relationships, having a good
relationship with family and having supportive friends, with the ability to talk about feelings.
For leisure time it is about having hobbies, doing exercises on regular basis and having regu-
lar holidays. Furthermore, it is important to follow a healthy lifestyle that includes, having
healthy eating habits, not smoking or drinking and not taking no-prescribed drugs and at
least being able to achieve some goals in life [2]. Mental health is not merely the absence of
a mental disorder. It exists on a continuum to include flourishing mental health, very good
mental health, mean mental health, decreased mental health, mental health problems and
mental health disorders [3].

3. Mental health problems and disorders

It is important to distinguish between mental health problems and mental health disor-
ders. A mental health problem is a negative mental experience that is part of everyday
life and interferes with emotional and/or social abilities. These problems are less severe
than those associated with a mental health disorder. As previously mentioned, persons
with mental disorders have a growing imbalance in their abilities. A mental disorder is
defined as a syndrome characterized by a clinically significant disturbance in an individu-
al's cognition, emotion regulation or behaviour [see Box 1]. It reflects a common or severe
dysfunction in the psychological, biological or developmental process underlying mental
functioning [4, 5].

One out of four persons might face a mental health disorder at a certain point in their life.
Depression, anxiety, post-traumatic stress disorder and other problems can be triggered by
personal and lifestyle pressures such as bereavement, relationship breakdown or job loss.
Drug or alcohol dependency, illness or long-term physical disability can cause depression.
This mental health disorder is the fourth most significant cause of disability worldwide.
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Common mental health disorders

Common disorders refer to obsessive-compulsive and related disorders, trauma and stressor-related disorders, dis-
sociative disorders, somatic symptom and related disorders, eating disorders, disruptive, impulse-control and conduct
disorders, substance-related and addictive disorders and neurocognitive disorders

Severe mental health disorders: Severe mental disorders include schizophrenia, bipolar disorders, mood disorders.
For the diagnostic criteria see:
World Health Organization: International classification [5]

American Psychiatric Association: diagnostic [4]

Box 1: Common and severe mental health disorders

Mental health problems/disorders often begin with the thoughts and beliefs related to a
(physical or mental) problem. These thoughts and beliefs are the source of emotions and feelings
that act as a driver of actions/behaviours. Behaviours are a choice and have consequences at
some point.

4. Mental health and physiotherapy

The importance of the implementation of physiotherapy in both common and severe men-
tal health disorders and psychiatry is underestimated, even if there is a tradition of more
than 50 years in some countries (Belgium, Scandinavia, etc.), even if the attention to ‘the
moving body’ increases in society and even if the moving body is an important issue that
is integral to psychopathology. To overcome this problem, physiotherapists who were
working in mental health and psychiatry applied in 2011 for recognition as a subgroup
within the World Confederation of Physical Therapy [6]. The main goal of this subgroup
is to bring the different physiotherapy interventions in mental health and psychiatry
together to clarify the role of physiotherapy in this field. For that reason, the International
Organization of Physical Therapy in Mental Health (IOPTMH) [7, 8] adapted the recom-
mendations of the WHO [1] concerning mental health care using physiotherapy language
(see Box 2).

1. To improve [physiotherapy] mental health care

2. To organize specific [physiotherapy] care for different ages including children, adolescents and elderly and risk-
related groups as persons with eating disorders, psychotic disorders, etc.

3. To ensure access to primary [physiotherapy] care for people with mental health problems

4. To provide treatment in ‘community-based [physiotherapy] services for persons with severe mental health problems.

[adaptation]

Box 2: Recommendation for mental health care of the World Health Organisation [1] adapted by the IOPTMH.
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4.1. Mental health in physiotherapy

Not all physiotherapists realize that mental health is all the business of physiotherapy.
However, it is well illustrated in the following quotation: ‘no health without mental health'.

As health care providers, physiotherapists are also involved in the prevention and promotion
of health, including mental health. It is their responsibility to inform individuals adequately
about mental health, eliminate misconceptions about mental illness and refer them when nec-
essary to specialized professionals in mental health and psychiatry.

Consciously or unconsciously, colleagues will be confronted in their practice with indi-
viduals with frail mental health, chronic musculoskeletal disorders, chronic pain and psy-
chosomatic disorders. In their stories, components of mental health are interwoven, and the
patients deserve an appropriate physiotherapy intervention. In addition to these conditions,
more severe physical diseases such as cardiovascular diseases, Parkinson's disease, rheuma-
toid arthritis, hypertension, Diabetes mellitus, metabolic syndrome, asthma, asthma/chronic
obstructive pulmonary disorder (COPD), cerebrovascular diseases (stroke), obesity, epilepsy,
cancer and other diseases are frequently accompanied with a ‘rollercoaster’ of emotions, feel-
ings of anxiety and pain. After all, individuals with mental disorders have numerous physical
health complaints (cardiovascular diseases, metabolic syndrome, obesity, osteoporosis, etc.)
due to medication, sedentary behaviour or inactivity and consult primary health services.

In summary, it all adds up for the health care providers to optimize access to physiotherapy
for people with mental illness, give them the most appropriate treatment [9] and give addi-
tional thought to the mental health dimension of their patients’ physical conditions [10].

4.2. Physiotherapy in mental health care

In some countries, physiotherapists have a long tradition of using physiotherapy in mental
health and developed specific approaches for common and severe disorders aimed at improv-
ing the quality of daily life. It is time to bring all the knowledge together to consolidate it and
centralize the interventions with a view to offer appropriate care to a specific vulnerable but
growing group in society. For these persons, specific interview, assessment and therapeutic
skills are necessary. The interview is based on the principles of the bio-psychosocial and moti-
vational interview [11]. The story, including the context, life events and chronic stressors in
relation to the health of each patient, is mapped. The assessment focuses on lifestyle in rela-
tion to the health, mood and anxiety features, illness behaviour and psychological well-being.

5. Definition of physiotherapy in mental health

The IOPTMH developed a definition that generally describes the field of physiotherapy in
mental health that is recognizable among most colleagues across the world. Physiotherapy in
mental health is a specialty within physiotherapy. It is implemented in different health and
mental health settings: psychiatry and psychosomatic medicine. It is Person-centered and pro-
vided for children, adolescents, adults and older people with common (mild, moderate) and
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severe, acute and chronic mental health problems, in primary and community care, inpatients
and outpatients. Physiotherapists in mental health provide health promotion, preventive health
care, treatment and rehabilitation for individuals, groups and in-group therapeutic settings.
They create a therapeutic relationship to provide assessment and services specifically related
to the complexity of mental health within a supportive environment applying a model includ-
ing biological and psychosocial aspects. Physiotherapy in mental health aims to optimize well-
being and empower the individual by promoting functional movement, movement awareness,
physical activity and exercises, bringing together physical and mental aspects. It is based on the
available scientific and best clinical evidence. Physiotherapists in mental health contribute to
the multidisciplinary team and inter-professional care [12, 13].

6. The scope of physiotherapy in mental health

Depending upon the problem, the story of the patient, and the results of the observation/eval-
uation, the patient’s treatment goals will be established, and the physiotherapist can choose a
more health-related approach or psychotherapeutic physiotherapy (see Figure 1). The physical
health-related approach aims to improve the global physical health of patients with psychiatric
disorders. Physical activity can help to reduce cardiovascular disease and premature mortal-
ity in people with psychological problems. The psychosocial-related approach emphasizes the
acquisition of mental and physical proficiencies related to the body in motion and support
of personal development to enhance people's ability to function independently in society.
The psychotherapeutic-related approach uses the body in movement as a gateway to ameliorate the
social affective functioning of an individual. When using this approach, the physiotherapist
creates a setting that favours the initiation and development of a process in the patient by
employing specific working methods that aim to help patients to access their inner workings.

Physiotherapy
in Mental Health

“Physical health- “Psycho-social- “Psychotherapeutic-

related approach” related approach”

related approach”

Figure 1. The scope of physiotherapy in mental health.
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In physiotherapy in mental health, a rationale for applying psychological models (e.g. cog-
nitive behavioural therapy, acceptance and commitment therapy, etc.) is offered as a tool
to strengthen physiotherapy interventions in the treatment of a wide variety of disorders
in children, adolescents, adults and the elderly. The cognitive behavioural physiotherapy
treatment approach consists of the identification of current and specific problems related
to the moving human being. The physiotherapy goals are based on the SMART principles
(Specific, measurable, acceptable/attainable, realistic/relevant and time bound). The treat-
ment is I think it is patient-centered and the ultimate physiotherapy goal is to change
unhealthy habits and promoting an active lifestyle and healthy posture. The focus lays on
self-management and relapse prevention. Different modalities (see Figure 2) such as cogni-
tive techniques (cognitive restructuring, problem solving and cognitive functional training),
behavioural (relaxation, pacing and graded exercise therapy and behavioural activation),
supportive, educational and other techniques such as (bio-) feedback, movement and body
awareness and relapse prevention for children and adults are integrated into this treatment
[14]. The acceptance and commitment physiotherapy approach is supporting the patient to
clarify his/her values and helping them to take the necessary steps towards living a meaning-
ful life despite the discomfort [15].

Cognitive restructuring: direct challenge to
alter irrational thoughts and/or reducing
fear of physical activity; cognitive functional
training.

Relaxation skills: mindfulness based
stress reduction

Pacing: changing physical activity
structure, breaking up the activity in
smaller chunks

Behavioral activation: graded physical
activity, enjoyment, reduce avoidance

Problem solving: defining problems
planning responses, trying out solutions,
evaluation of succes

(Bio-)feedback: awareness of

Psychoeducation: provision of information, physiology using objective devices;
etiology and treatment movement and body awareness
Support: motivational interviewing, Relapse prevention: self-monitoring,
encouragement, continued monitoring discussing triggers, coping skills

Figure 2. Cognitive behavioural techniques in physiotherapy.

6.1. ‘Physical health-related” approach

The physical health-related approach aims to improve the global physical health of the person
with mental health problems. Studies have shown that people with mental health problems are
more susceptible to inactivity and are at risk of a sedentary lifestyle. In addition, the use of psy-
chotropic drugs can result in the development of metabolic syndrome, obesity, osteoporosis
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and cardiovascular disease. The physical health-related approach is consistent with the recent
recommendations of the World Health Organization (WHO) about the relationship between
individuals’ “physical inactivity’ and poor health and a serious threat to their quality of life [16].

Clinical practice has highlighted the importance of tailoring physical activity to each person's
individual abilities to influence the quality of life. The challenge is to motivate people to stay
active throughout their daily life. People who do not continue to exercise lose their independence
and do not maximize their potential in life. The American College of Sport Sciences [17, 18] offers
guidelines. It is the task of the physiotherapist to integrate and adapt these guidelines to fit the
context of a person with mental health problems [19-22].

6.2. Psychosocial-related and psychophysiological approaches

The psychosocial-related approach emphasizes the acquisition of mental and physical skills
related to the ‘moving body’ and support of people's ability to function independently in
society and to improve their quality of life. The activities aim at learning, acquiring and
training psychomotor, sensomotor, perceptual, cognitive, social and emotional proficiencies.
Other elementary proficiencies are stressed, such as relaxation education, relaxation skills,
stress management, breathing techniques, psychomotor and sensory skills and also cognitive,
expression and social skills. Through exercises, patients acquire a broader perspective and
can experience their own abilities. Moreover, the learning of the basic rules of communica-
tion is integrated [23]. The psychophysiological approach involves the use of physical activ-
ity to influence mental health problems such as in the treatment of depression and anxiety
disorders [24-34]. In the literature, the benefits of physical activity for mental health are well
accepted. Physical activity has a positive influence on mental well-being, self-esteem, mood
and executive functioning. Through these effects, a downward spiral that leads to dejection
can be stopped. Well-balanced and regularly executed endurance activities (walking, biking,
jogging and swimming) power training (fitness training) and mindfulness-derived exercises)
augment physical and mental resilience; improve the quality of sleep; enhance self-confi-
dence, energy, endurance and relaxation; and, in general, decrease physical complaints.

6.3. Psychotherapeutic-oriented physiotherapy approach

The psychotherapeutic-oriented physiotherapy approach uses the motor domain as a gateway
to ameliorate social affective functioning. This approach puts less emphasis on the acquisition of
skills but more on the awareness of psychosocial functioning and facilitating a process of change.
Using movement activities, the physiotherapist creates a setting that favours the initiation and
development of a process aimed at helping patients to gain greater insight into their own func-
tioning. During these activities, patients are invited to venture outside their comfort zone, think
outside the box, experience new things, become more in touch with their inner self and cope with
numerous emotions (depressive feelings, fear, guilt, anger, stress, feelings of unease, estrange-
ment and dissatisfaction) and negative thoughts (intrusion, obsession, morbid preoccupations
and worrying). Moreover, they are confronted with their behaviour (i.e. impulses and lack of
abilities) or cognitive symptoms (i.e. derealisation and lack of concentration). Through psycho-
motor therapy, an alternative perspective on experiences can be proposed. Experiencing the pos-
sibility that an alternative may exist triggers new emotions and experiences, and a discrepancy
between reality and the patient's perception of reality emerges. Consequently, it is important
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to note that it is not the physical activity itself but the patient's experiences and inner percep-
tion that play the central role. The careful guidance and encouragement of the physiotherapist
and the opportunity to experience feelings in a safe environment allow the patient to develop
behaviour, which would not have developed otherwise. Although the underlying problems are
not necessarily resolved, the therapist tries to improve problem management of the patient. The
patient shares his behaviour, feelings, and thoughts with the therapist initially and, eventually,
with his peers. More emphasis is placed on experiences and how reactions to these experiences
function as a dynamic source of power [23].

7. The content of physiotherapy in mental health

Physiotherapy is a specialized field in health care and is recognized as a conventional therapy.
Physiotherapists who work in mental health are physiotherapists first and use interventions
within the scope of general physiotherapy. In addition, due to the complex situation, physio-
therapists who work in mental health require supplementary knowledge (e.g. psychopathol-
ogy and psychological frames) and specific skills and competences (e.g. communication) to
assess, treat, support and refer people with mental disorders effectively (see Figure 3).

7.1. Psychomotor therapy with children and adolescents

Psychomotor therapy is a type of body-oriented therapy. The cornerstones of this approach are
body awareness, movement and physical activities. However, psychomotor therapy encompasses
‘movement’ or ‘physical activity’ in a strict sense. It is based on the holistic view and, therefore,

Relaxation,
Tai Chi, Yoga
Norwegian & related .
Psychomotor approaches Physiotherapy

Physiotherapy :]s\,oclgi;i%\e/

Psychomotor Basic Body

Physiotherapy Ph'ySIOtherapy Awareness
for children in Mental Methodology

Health

Psychomotor
Psychosomatic Physiotherapy
Physiotherapy for Severe
approach Exercise and Mental Health
Physcial Activity Disorders
in Mental
Health

Figure 3. Overview of physiotherapy interventions in mental health.
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integrates cognitive, emotional, social and motor aspects into an individual's development. The
starting point is a strong acknowledgement of the continuous and complex interactions between
the different developmental domains. Moreover, the functioning of a child is not only always
integrated into but also dependent upon a certain context [35]. Psychomotor therapy is offered in
different disciplines, including mental health care, child psychiatry, youth care, special education
and rehabilitation, as well as private practice. The wide variety of psychomotor therapy interven-
tions can be categorized into two main areas: psychomotor functional training and psychothera-
peutic-oriented psychomotor therapy [35]. Although both approaches are aimed at supporting
and aiding a child's personal development, the methods can be distinguished based upon the pri-
mary focus of the intervention. Psychomotor functional training is primarily aimed at improving
the motor domain and includes activities that are aimed at learning, developing, practicing and
training (psycho) motor, sensorimotor and perceptual abilities. In psychotherapeutic-oriented
psychomotor therapy, the motor domain is employed as a gateway to ameliorate the social and
affective development of individual functioning. More concretely, specific goals are formulated
such as learning to recognize bodily signals, regulate aggression, play cooperatively, enhance
self-confidence, reduce social anxiety, etc. The techniques that are employed include relaxation
techniques [36], Sherborne Developmental Movement [37], movement and play situations, psy-
chomotor family therapy [38, 39], physical activity, etc.

7.2. Norwegian psychomotor physiotherapy

The roots of Norwegian psychomotor physiotherapy began in the early 1950s and were the
result of a collaboration between Trygve Braatoy, a psychoanalytically trained psychiatrist,
and Aadel Biilow-Hansen, an orthopaedic physiotherapist [40—42]. In addition to its focus on
how the past continues to influence the present, the psychoanalytic approach develops the cli-
ent's awareness of what can be done to correct the harmful effects of the past [43]. Indications
for this physiotherapy approach are conditions associated with strain and functional dis-
turbances in the musculoskeletal system as well as psychosomatic disorders. Symptoms are
viewed as an expression of a disturbance in posture, respiration, muscle tension or auto-
nomic functions, which are often related to emotional conflicts or mental problems [44]. In
Norwegian psychomotor physiotherapy, the case report and the examination are central to
documenting and evaluating respiration, posture, function, muscles and other soft tissues as
well as automatic functions and reactions. The patient's body and self-awareness are taken
into consideration. These awareness concepts are based on the philosophy of phenomenol-
ogy. The major finding of Braatey and Biilow-Hansen was that the entire body needs to be
examined and treated instead of using a local approach. The basis of the examination is the
whole person, and the key is the body [44]. Relaxation treatment has yielded limited results,
unless breathing is taken into consideration. Although breathing is an important cornerstone
of the approach, breathing exercises are seldom used. The observation of how the patient
breathes during massage and exercise is a guideline for the level of intensity of the therapy
[45], allowing the therapist to adjust continually to the patient's reactions [44, 46]. Breathing
and feelings are considered to be interdependent factors. The body is approached as an inte-
grated physical-psychological phenomenon [44]. Changes in breathing could be a signal that
the patient is reacting emotionally [44]. The patient's reaction to the examination also provides
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important information. In Norwegian psychomotor physiotherapy, the emphasis is on res-
piration because breathing can be viewed in relation to emotion and cognition. At the same
time, breathing can contribute to the reduction of somatic disorders in stress-related and/or
psychosomatic disorders [47]. In summary, Norwegian psychomotor physiotherapy aims to
release respiration through an interaction among breathing, the musculoskeletal system and
emotions [44] and to develop flexibility, versatility and the stability of the person [48]. The
treatment is successful when a process of bodily changes is not separated from emotional
changes [48-50]. A treatment session is mostly individual in nature and may be short, being
composed of active exercises in standing, sitting or lying positions only, or it may be long,
consisting of massage of the recumbent body only [49, 50].

7.3. Relaxation therapy and mind-body-related approaches

Relaxation as a therapeutic intervention is recommended in the treatment of stress and stress-
related problems. The term relaxation therapy is used to describe a number of techniques that
promote stress and anxiety reduction by decreasing tension throughout the body and creating
a peaceful state of mind [51]. This valued therapeutic approach is frequently used in mental
health care, and physiotherapists in mental health care apply relaxation training as one of their
interventions. Relaxation is used as prevention (to protect the body), as a treatment (for instance,
to relieve stress in individuals with hypertension, tension headache, insomnia and panic) or
as a coping skill (to relax the mind and to promote clear and effective thinking). Relaxation
therapy consists of three phases: (1) to learn the relaxation technique, (2) to evaluate if there is
a relaxation response (physiological and psychological) after some training session, and (3) in
the third phase and when the technique becomes automatic, to use relaxation in situations that
induce stress. Although there are different techniques [52, 53], physiotherapists have primar-
ily used the modified Jacobson's progressive relaxation method by Bernstein and Borkovec
[54-56], applied relaxation of Ost [57], Mitchell method [58] and autogenic training [59].

Yoga, Tai Chi, mindfulness-related exercises and Pilates are also used to cope with stressful
situations.

The mindfulness-based stress reduction (MBSR) program, which is centred on the principles
and practice of mindfulness meditation and the use of stress-reduction skills, including sit-
ting meditation, hatha yoga and a somatically focused technique called a ‘body scan’, which
was developed to relieve suffering in patients with chronic pain [60, 61]. MBSR encourages
the non-judgemental awareness of one's cognitive and somatic experiences on a moment-by-
moment basis. This decentred stance is thought to disconnect cognitive and affective mental
events in an adaptive manner and might reduce the negative impact of thoughts and sensa-
tions that are associated with chronic pain [60, 61].

Tai Chi has been practiced for centuries as a Chinese martial art that combines meditation,
postures, slow and graceful movements, diaphragmatic breathing and relaxation. It can be
regarded as an intervention that integrates physical, psychosocial, emotional, spiritual and
behavioural elements and promotes mind-body interaction [62, 63].

Qi Gong (QG) is an ancient Chinese method that integrates body, energetic, respiratory and
mental training with the aim of achieving optimal status of both the mind and the body. QG
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enhances physical, psychic and emotional rebalancing, thereby improving posture, respira-
tion and concentration by low-impact movements [64].

Yoga is an mind-body therapy (MBT) that potentially fulfils the need for both exercise and
coping skills in fibromyalgia syndrome (FMS) patients. Yoga varies greatly in terms of style
and, beyond the physical poses that are identified with it, comprises meditation and breath-
ing exercises [65-71].

The Pilates method, which was developed in the 1920s by ]. H. Pilates (Germany, 1880-1967),
is a low-impact, non-aerobic fitness programme (stretching and strengthening exercises) that
also integrates physiotherapy [72]. The original exercises were influenced by the two gymnastic
systems that dominated rehabilitation at that moment, namely the German (Friedrich Jahn) and
the Swedish (Per Hendrik Ling) systems. Pilates became a form of movement that combines
characteristics of Eastern (mind control during exercises, relaxation, increasing of elasticity,
movement starting from body centre and balance) and Western (forming strength, endurance
and exercises with both global and local effects) systems. Today, the applied form of Pilates has
been influenced by other mind-body methods. Additionally, it involves not only the recovery
of muscle strength and flexibility but also the correction of muscle imbalance and attention to
body awareness, economical breathing, and neuromuscular coordination by executing fluent
and precise movement. Pilates can lead to balancing of the body and the mind [72-75].

In some countries, the Mensendieck system [76] and the Feldenkrais method [77, 78] are inte-
grated into the physiotherapy in mental health. They are seen as educational approaches,
rather than interventions. The Mensendieck system focuses on teaching patients to understand
the concepts of bodily functioning using pedagogically designed exercises and aims to enable
them to change suboptimal patterns of movement. The Feldenkrais method is a somatic educa-
tional system that was designed to improve the movement repertoire, aiming to expand and
refine the use of the self through awareness to reduce pain or limitations in movement and
promote general well-being [77, 78].

7.4. Psychomotor physiotherapy for severe mental health problems

Psychomotor physiotherapy for severe mental health problems is a method of treatment
that uses systematically a wide variety of (adapted) physical activities as well as movement,
body and sensory awareness to stimulate and to integrate motor, cognitive and affective
competences within the psychosocial context. This approach aims to realize clearly formu-
lated consent goals, which are relevant to the patient's mental health problems (depression,
anxiety, schizophrenia, autism, eating disorder, etc.). This approach is based on evidence-
based research and 50 years of clinical practice. Today, it is an important standard adjunc-
tive treatment for patients in residential treatment to optimize movement as well as the
cognitive, affective and relational aspects of mind-body functioning (i.e. the relationships
between physical movements and cognitive and social-affective aspects). The approach
focuses on the somatic effects of physical activity and the physio-psychological effects as the
core of the treatment. The goal is to stimulate a positive self-image and personal well-being
in a balanced social relationship using movement activities. This approach is well described
in inpatient settings as a different group approach and can be imbedded within diverse
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psychotherapy settings. On the one hand, the focus is on discovering the present healthy
capabilities of the subject (‘care’) using the moving body as the core to influence psycho-
logical, social and somatic functioning. On the other hand, the physiotherapy addresses the
dysfunctional part of the subject. Depending upon the goals and the competence level of
the patient, the therapist can choose among a more health-related approach (to improve
physical activity and to limit sedentary behaviour), a more psychosocial-related approach
(to learn skills that are not only physical but also cognitive and communicative) or a more
psychotherapeutic-related approach (to stimulate the patient to get in touch with his or her
inner world). When persons with mental health problems are invited to (group) physical
activities, they come out from their comfort zone and experience how they function. The
combination of experience and insight drives changes and leads to new experiences. Specific
approaches for eating disorders [78-83], schizophrenia [84-91], mood disorders [92-97] and
depression and anxiety [23, 32-34] are developed.

7.5. Basic body awareness methodology

Body awareness is a term that is frequently used in mental health and psychiatry. It refers to
the ability to pay attention to ourselves and feel our sensations and movements online, along
with the motivational and emotional feelings that accompany them in the present moment,
without the mediating influence of judgemental thoughts [98].

Body awareness is the subjective, phenomenological aspect of proprioception and intero-
ception that enters conscious awareness and is modifiable by mental processes, including
attention, interpretation appraisal, beliefs, memories, as well as conditioned attitudes and
effect [99]. Different approaches, including those within physiotherapy and beyond, report-
edly enhance body awareness (yoga, Tai Chi, mindfulness-based therapies, the Feldenkrais
method, the Alexander method, different breathing therapies, etc.). Body awareness has
become an umbrella term for different approaches. One such approach in physiotherapy is
basic body awareness therapy [100].

Basic body awareness therapy was inspired by the French movement educator and psycho-
therapist J. Dropsy and further elaborated by Roxendal. The basic body awareness meth-
odology (BBAM) is a Person-centered physiotherapeutic movement awareness training
programme that is directed towards daily life movement [100-111]. It is used in multiple
clinical settings, including primary health care, pain rehabilitation and psychiatric physical
therapy, as well as in health promotion.

It is founded upon a three-dimensional approach to human movement: learning about and
through movement and learning while being in movement [107]. Movement awareness in
this methodology is defined as the sensitivity to movement nuances, awareness of one's own
movements in relation to space, time and energy and identification of subtle movement reac-
tions to internal and environmental conditions [100, 107]. Persons who are not aware or who
have a lack of contact with the physical body and the emotional body (internal life) and who
are not aware of the physical environment and their relationship to other people and persons
who are cut off from reality, express this lack of awareness throughout their body. This can
be observed as dysfunctional movements, for instance, movements that lack vitality, flow,
rhythm and unity [100-102, 104-105]. From a broader perspective, the lack of awareness
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has negative consequences on movement quality, daily function, habits and health [100].
The phenomenological concepts of the body awareness methodology are relaxation, tension
regulation, body contact, body consciousness, body image, body experience, body boundar-
ies, body control, muscle consciousness, muscle control, body awareness and postural attun-
ement [100, 111]. In general, body awareness combines a series of exercises that are related
to posture, coordination, free breathing and awareness. Attending to both the patient's own
performance and to the patient's experience during the exercises is a central element of body
awareness that stimulates mental presence and awareness that aims to provide increased
body consciousness. BBAT offers training situations that focus on healthy movement aspects,
lying, sitting, walking, running, using the voice, relational movements and massage [105].
Embodied and mindful presence, awareness and movement quality represent keys to the
therapeutic approach. Therapeutically, being in movement, exploring, experiencing, inte-
grating, mastering and reflecting upon one's own movement coordination are critical to gain-
ing more functional movement, strengthening the self and preparing for daily life [108]. It
offers a strategy to equip the person to handle life more effectively. It is used in individual
therapy but is foremost a group treatment. [100, 111]. Body awareness therapy refers to a
group of movement awareness interventions that share a common perspective that focuses
on the internal subjective experience of the body to promote physical, mental and emotional
well-being [110, 111].

7.6. Psychosomatic physiotherapy approach

The psychosomatic approach differs from the somatic approach. The somatic approach involves
the cells of the body and is based on the physical and biological aspects of the problem. The
somatic approach is the traditional approach and usually addresses the symptoms of the prob-
lem. Psychosomatic means that a physical condition is caused or greatly influenced by psycho-
logical factors. The psychosomatic approach views illness as a form of communication between
the conscious and the unconscious mind through the body. Illness is a person's way of adapting
to the environment. It is a message that communicates a need for change. Based on the patient's
perception, illness is consciously or unconsciously a legitimate way to avoid something unpleas-
ant. Illness can be a subconscious defence mechanism. There are numerous situations that
people would rather avoid than confront. The benefits of the illness are that they receive more
attention, love and warmth from family members or friends when they are sick. Some patients
are confronted with existential questions, including those relating to the purpose of life. Unable
to answer these questions, some people turn their illness into their purpose in life. Everything
begins to revolve around it. The scope of psychosomatic physiotherapy is broad, including the
treatment of physical symptoms such as pain, fatigue, hyperventilation and distress in relation
to psychosocial problems. Somatic symptoms and related disorders [4] are another category of
illnesses that primarily are treated within psychosomatic physiotherapy. Medically unexplained
symptoms are also categorized under this umbrella term. In all these cases, the therapist explores
the relationships among social, psychological and behavioural factors with bodily processes and
quality of life. It is obvious that the therapeutic relationship has an important role [112]. During
this exploration, the patient is given the space to reflect on behavioural experiences and per-
ceptions in a developmental process that focuses on the integration of thoughts, emotions and
actions in relation to motor performance. With an awareness of the importance of addressing the

191



192  Clinical Physical Therapy

physical complaint, the psychosomatic physiotherapist focuses specifically on the psychophysi-
ological and behavioural characteristics of the client's motor performance-related problem. The
aim is to recognize and gain insight into the complex relationship between motor and psycho-
logical performance within a psychosocial context and positively influence disrupted internal
and external regulation mechanisms. The psychosomatic-oriented physiotherapist is inspired
by cognitive behavioural interventions (see Figure 2) [113, 114], including graded activity and
active pacing therapy. The therapist uses a number of specific awareness-raising methods such
as relaxation techniques, breathing and communication methods, (bio-) feedback, problem solv-
ing strategies and stress management. The status of the patient is observed using the ‘SCEGS
model’ (soma, cognitions, emotions, behaviour and social environment). Treatment objectives
are formulated in terms of the SMART criteria. The relationships among the need for help as
expressed by the patient, body language, body posture, movement and gestures are explored.
In addition, verbal language is analysed. The balance between supporting load and supporting
strength, tension and relaxation, and body and illness perception and reality is explored during
the sessions.

7.7. Exercise and physical activity in mental health

Mental health problems are the leading predictor of years lived with disability worldwide.
Furthermore, without more intensified prevention and management, the burden is estimated to
increase to a greater extent [115]. The consequences of mental health problems are devastating
for the person and society as a whole and are compounded by physical health comorbidities
with which most people with mental health problems are confronted [115, 116]. Physical health
comorbidities are a major cause of the reduced life expectancy of 15-20 years in this popula-
tion [118-120]. The relationship between mental health and physical activity is supported by a
growing number of articles [92]. There is rigorous evidence now that physiotherapy improves
mental and physical health in this vulnerable population [121]. Unfortunately, these efforts are
becoming integrated into clinical practice at a slow pace. Physical activity is not always consid-
ered to be a worthwhile strategy. The benefits of physical activity are twofold, as people with
mental health problems are also at an increased risk of a range of physical health problems,
including cardiovascular diseases, endocrine disorders and obesity [115-124]. Physical activity
influences cognition [122] and cardiorespiratory fitness [123] and reduces dropout [121] due to
a wide range of mental health problems. The relationship between physical activity and men-
tal health has been widely investigated. The health benefits of regular exercise are improved
cardiovascular fitness, improved sleep, better endurance, a positive influence on metabolic
syndrome and diabetes, stress relief, improved mood, increased energy and reduced tired-
ness. Exercise reduces anxiety, depression, negative mood and social isolation and improves
self-esteem, cognitive functions and quality of life [115-124].

7.8. Physiotherapy with the elderly in old age psychiatry

Old age psychiatry consists of two groups: dementia syndrome ( Alzheimer, frontotemporal
degeneration, vascular dementia) and functional psychiatric disorders (depression, addiction,
mood disorders, personality disorders and schizophrenia). Elderly people experience declin-
ing physical activity levels and functional capabilities, loss of dependence, decreasing social
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contacts, increasing problems with mental health, loss of adaptive capabilities and quality
of life. The most frequently observed characteristics in old age psychiatry are apathy ( lack
of motivation and interest), depression (fear, hopelessness, sad, low self-esteem, guilty,etc.),
aggression (aggressive resistance, verbal and physical aggression), psychomotor agitation
(aimless walking, pacing up and down, restlessness, repetitive actions and sleep disorders)
and psychotic features (illusions, false identifications and hallucinations) [4].

Exercise helps to improve general daily activity, cognition and independency; increase car-
diorespiratory fitness, strength and balance; reduce osteoporosis, sarcopenia, falls and risk
factors for falls; increase quality of life and social activities; and reduce social isolation, loneli-
ness, fear and institutionalization [125-127].

8. Conclusion

Today, there is a professional need in society for a physiotherapeutic approach to treat people
who are suffering from chronic musculoskeletal and mental health problems. The general
aims of physiotherapy in mental health are summarized in Box 3.

“Promoting, advising, teaching, warning, motivating maintaining, working, treating, assessing”

To promote human well-being and autonomy in people with physical health needs that are associated with a mental
illness or learning disability and/or to use physical approaches safely to influence mental health.

To offer advice on the prevention of stress and physical problems as well as quality-improvement techniques.

To teach on topics relating to exercise, relaxation and communication.

To warn people about the side effects and to advise people on the use of quality-improvement techniques.

To motivate people to engage in healthy living habits.

To maintain (or to regain) physical mental and social skills to preserve the ability to function and the quality of life.
To work with the senses and motor skills of children with bodily and behavioural difficulties.

To treat physical and psychosomatic problems.

To assesstreatment effectiveness and patient satisfaction.

Box 3: General aims of physiotherapy in mental health.

In contrast to other fields in medicine, mental health consists of a labyrinth of conventional,
complementary and alternative therapies and approaches [128]. A person with fluctuating
mental health is more receptive to alternative approaches. Conventional health caregivers have
to guide the patient in the search for optimal help. For that reason, physiotherapy interventions
in mental health should at least satisfy four criteria. The nature of the interventions should be
described clearly. The claimed benefits of the services must be stated explicitly. These benefits
must be scientifically validated. Individual effects that might outweigh the benefits must be
ruled out empirically. Collaboration and connections with other mental health care special-
ists within and outside physiotherapy are necessary to broaden the field of physiotherapy in
mental health (see Box 3), avoid isolation, build a quality framework and cope with future
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challenges. In mental health care, boundaries between specialities have become increasingly
more blurred. Intensive specialization of physiotherapy has been called into question. The
demands to collaborate at the interdisciplinary (i.e. mutual contact between care providers)
and transdisciplinary (various caregivers are at each other's domain) levels have increased. The
inclusion of ideas from the social sciences and humanities in mental health care has become
increasingly more important [129]. In the future, therapists will need to obtain informed con-
sent for each treatment. Each therapist will need to explain that the proposed method has value
for the patient and provide information about what, why, where, when and how he or she will
proceed and what the potential outcomes are. Dialogue with the patient is important for the
outcome and patient satisfaction. By definition, interventions in mental health are complex,
given the nature of mental health and illness. Physiotherapists who work in mental health are
well-trained therapists with knowledge of mental health (allegiance to theory) and motiva-
tion skills and have empathy (therapist-client alliance). The quality of the therapeutic relation-
ship or alliance is important for the outcome of the physiotherapy treatment. Interventions
require careful planning and sufficient resources to implement the programme as planned.
Interventions are individually adapted according to the individual's psychophysical function-
ing, needs and wishes. The source of the most advanced knowledge of physiotherapy in men-
tal health is a combination of scientifically derived knowledge and knowledge gained through
years of experience (professional practice) (see Box 3). The different physiotherapy approaches
are cost-effective and secure. Furthermore, they do not have side effects. They involve the
patient and provide practical skills and insight for use in daily life. After a physiotherapy
observational and/or evaluation assessment, the approaches focus on functional and (men-
tal) health promotion. The patient's voice becomes increasingly more important. This chapter
provides additional insight into why physiotherapy education needs to give more attention
to the field of mental health in the curriculum. Currently, from the patient perspective, it is
not acceptable for physiotherapists, as health care providers, to not have any or have limited
courses on mental health during their education. Many excellent colleagues in primary care
are not well prepared to work with persons with mental health, not because of their illness but
because of their lack of information on how to address the illness.
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Abstract

The INFINITY method® is a special rehabilitation method developed at the Rehabilitation
Institute in Brandys nad Orlici, Czech Republic. It is a kinesitherapy approach based on
neurophysiology, biomechanics, and anatomy. The method is employed during reha-
bilitation of patients with functional and/or structural changes of the musculoskeletal
system. It allows adjustment of the postural control system of the body, which gradu-
ally improves balance and symmetrization of the whole body in space, thus creating a
precondition for better quality and more efficient movement. Specifically, therapy move-
ments can be active and/or passive, and great variability of active movements is a perfect
advantage for autotherapy. Now, the corrective therapeutic movement and posture can
be conscious, meaning there is an increased awareness and control of the patient’s whole
body, and/or subconscious, which is based on a reflex therapy. In both cases, straighten-
ing and balancing of the patient's body are increased. This method positively affects the
musculoskeletal system and quality of the soft tissue, such as the muscle and connective
tissue. Thanks to its well-crafted methodology, easily practiced active exercises, and pas-
sive therapy performed with the help of a therapist, the method works well for patients
with painful disorders of the spine and joints.

Keywords: INFINITY method®, low back pain, rehabilitation, musculoskeletal model,
plantography, posturography

1. Introduction

Traditional physical therapy or fitness training has emphasized strengthening of individual
muscles. It has been proposed that the skill or the quality of the movement pattern that is
used could be more important than achievement of muscle strength [1]. We have observed a
demand for rehabilitation treatment based on the knowledge of modern science in our clinical
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practice. Therefore, a new rehabilitation technique has been developed with emphasis on sim-
ple comprehensible principles, allowing a wide range of variations in therapy and exercises.
The new method is applicable for patients with a limited range of motion, for patients after
surgery, as well as for patients sustaining moderate diseases of the musculoskeletal system
like low back pain (LBP). The new method can also be preventative, keeping people healthy
and fit. The specific aim was to develop a large series of autotherapeutic exercises. The method
has been developed, and we keep on improving it by incorporating original theoretical knowl-
edge and experience gained in everyday clinical practice.

Our special rehabilitation method is called the INFINITY method®. Its name comes from the
English word infinity because it utilizes movement in a figure of eight as a key segment of
the exercises. The INFINITY method® is a special rehabilitation method developed at the
Rehabilitation Institute in Brandys nad Orlici, Czech Republic.

The method has been verified in several clinical studies. We hypothesized that there would be
certain differences in all measured values of patients before and after rehabilitation treatment
with the INFINITY method®. The aim of one study was to confirm the relationship between
the values of the center of force (COF) that were measured and the pain perceived by low back
pain patients using a visual analogue scale (VAS), before and after therapy. The results were
then used to assess the effectiveness of the INFINITY method® for treatment of patients with
LBP [2]. This clinical study of 331 patients showed considerable improvement in all measured
parameters. Characteristics of individual groups are described in Table 1.

Gender

Females 234 (70.7%)
Males 97 (29.3%)
Mean age (SD)

Females 61.5+13.32

Males 61 +12.46

SD, standard deviation.

Table 1. Characteristics of patients with low back pain.

2. INFINITY method®

The INFINITY method® presents a kinesitherapeutic approach based on neurophysiology,
biomechanics, and anatomy. It is a unique rehabilitation method used in rehabilitation and
movement medicine, and it can be applied in patients with musculoskeletal system diseases.
The method is employed during rehabilitation of patients with functional and/or structural
changes of the musculoskeletal system. It allows adjustment of the postural control system of
the body, which gradually improves balance and symmetrization of the whole body in space,
thus creating a precondition for better quality and more efficient movement. Specifically,
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therapy movements can be active and/or passive. The great variability of active movements is
advantageous for autotherapy, thanks to its well-crafted methodology, easily practiced active
exercises, and passive therapy performed with the help of a therapist. The method works
well for patients with painful disorders of the spine and joints. The corrective therapeutic
movement and posture can either be conscious, meaning there is an increased awareness and
control of the patient’s whole body, and/or subconscious, which is based on a reflex therapy.
In both cases, straightening and balancing of the patient's body are increased. This method
positively affects the musculoskeletal system and quality of the soft tissue, such as muscle
and connective tissue. The INFINITY method® can even be applied in the acute phase when a
patient may be suffering from intense pain. Therapy and exercises are based on improvement
of stabilization, centering, coordination, perception, and control of the entire body, includ-
ing the spine. The INFINITY method® is a method of rehabilitation aimed at stabilizing and
strengthening the thoracic, back, and abdominal muscles, including deep stabilization system
of the spine (DSS) with connection to diaphragmatic breathing. At the same time, it enables
increased mobility and flexibility via relaxation, stretching, and mobilization of soft tissues of
the musculoskeletal system.

3. Types of movement

The method uses three types of 3D movement. Components of INFINITY method® include
visualization, micromovement, and macromovement. Visualization as therapy is especially
used by more disabled patients. Micromovement (which is movement in millimeters) can be
also used by disabled patients or by patients with a limited range of motion, because of inten-
sive pain or restrictions and other medical indications, for example, patients with discopathy.
Micromovement is a fine movement that minimally loads the motor system, improves muscle
activity, and trains the higher motor centers in the central nervous system. Macro-movement
(which is movement in centimeters similar to tai chi movements) allows this application to be
used by less-disabled patients. The macromovement component can also be used as a preven-
tion of low back pain. 3D movements in the continuous figure eight and linear motions are
performed from the center of the body and back to stabilize and centralize the whole body
and spine, for example, in low back pain patients. The center of the body is identified as the
patient’s visualization of the body’s median. INFINITY method® works in different part of
the body. Individual areas of the body targeted by INFINITY include the head, chest, pelvis,
spine, and so on. Additionally, the whole body and/or upper and/or lower extremities can
be activated by INFINITY. The therapy includes special exercises and training of breathing,
which allow both muscle relaxation and activation of several muscle groups, including the
deep stabilization system, as well as improving psychological factors.

4, Indications

The method presents many opportunities in the therapy of patients sustaining musculoskeletal
system diseases, and it has almost no contraindication if applied well. Patients can visualize
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exercise in their mind, and in normal patients, this type of visualization activates muscles and
the central nervous system with no overload or damage. The same is valid for micromove-
ments where the range of movements is in millimeters.

The method is very effective when applied in patients with muscle imbalance, patients with
changes of muscle tonus (e.g. trigger and tender points), and patients with low tissue quality
(mainly older patients). We have achieved excellent results in patients with scoliosis, posture
malfunction, as well as patients with spinal pain.

Rehabilitation treatment can also be given to patients with degenerative changes of the mus-
culoskeletal system affecting function, structure, and pain (such as spondyloarthritis, spon-
dylosis including root syndromes, and osteoarthritis of other joints), to patients after surgery
(orthopedic and trauma surgeries like arthroscopy, joint replacement), and to patients after
other traumas.

5. Statistical studies

We evaluated the efficacy of the rehabilitation therapy using the plantar pressure measure-
ment platform, for example, the pressure mat system MatScan (Tekscan, USA). The patients
were assessed using plantography and posturography, during both the start and the comple-
tion of treatment. During the measurement process, the patients stood up and had their eyes
open. The results were compared before and after the INFINITY method® therapy. We com-
pared the values measured before and after the intervention of the INFINITY method® [2].
Several variables were measured such as bilateral pressure on the right and left soles of the
feet, gravitational forces between both soles, anteroposterior (A-P), and mediolateral (M-L)
displacement of COF [3] (COF being the center of gravity of the body between both soles of
the feet). During a 30-second period, we recorded the change in value of the COF and the area
defined by the movement of A-P and the M-L of the COF. These data allowed us to calculate
the difference in COF and COF area before and after INFINITY method® therapy. A total of
six dependent variables were statistically evaluated. Five of these variables were the posturo-
graphic measurements and are presented in Table 2.

Feet parallel, eyes open Feet parallel, eyes closed

Parameter Mean (cm) SD (cm) Parameter Mean (cm) SD (cm)
Area before* 2.76 4.88 Area before* 3.09 4.46
Area after* 2.23 3.01 Area after” 2.40 5.47
Dist before 37.72 16.64 Dist before* 50.30 30.56
Dist after 36.97 15.26 Dist after* 46.68 27.50
Var before 0.03 0.02 Var before* 0.04 0.03

Var after 0.03 0.02 Var after® 0.04 0.02

AP Exc before 2.75 1.25 AP Exc before* 3.25 1.61
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Feet parallel, eyes open Feet parallel, eyes closed

Parameter Mean (cm) SD (cm) Parameter Mean (cm) SD (cm)
AP Exc after 2.67 1.14 AP Exc after* 2.87 1.44
ML before* 1.80 1.39 ML before* 1.77 1.53
ML after* 1.56 1.08 ML after* 1.48 1.41
Feet parallel, eyes open Feet parallel, eyes closed

Parameter Mean (cm) SD (cm) Parameter Mean (cm) SD (cm)
Area before* 443 3.49 Area before* 9.27 8.12
Area after* 4.03 3.80 Area after® 7.90 6.19
Dist before* 49.92 23.79 Dist before 87.60 45.79
Dist after* 46.85 22.03 Dist after 85.34 41.53
Var before 0.04 0.03 Var before 0.07 0.05

Var after 0.04 0.03 Var after 0.07 0.04

AP Exc before 2.94 1.22 AP Exc before* 425 1.82

AP Exc after 2.93 3.32 AP Exc after* 3.94 1.66

ML before* 2.98 1.27 ML before* 4.48 2.27

ML after* 2.76 1.44 ML after* 4.21 1.75

Dist, distance; Var, variability; AP, anteroposterior directions; ML, medial-lateral directions.
*Statistical significance at p <.05.

Table 2. Posturographic parameters—results of the paired samples test.

A VAS was used to assess each patient’s personal assessment of pain [2]. Given the results,
it can be stated that due to the rehabilitation process, there was a statistically significant
improvement of the above parameters (Table 3). There were significant differences in mea-
surements between pre- and post-rehabilitation treatment.

Measurements in the antero-posterior direction of movement of the COF, medial-lateral
movement of the COF, the area covered, the COF distance, and the variation of COF were all
reduced. The subjective assessment of pain also showed a statistically significant reduction.
The results of this study show that the INFINITY method® rehabilitation treatment resulted

Parameter Mean (cm) SD (cm)
VAS before* 53 1.78
VAS after* 35 1.77

* Statistical significance at p <.0001.

Table 3. VAS parameter —results of the paired samples test.
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in statistically significant improvements in the observed plantographic and posturographic
parameters of stance stability. Subjective pain using VAS was also much lower, which must
be considered as being extremely beneficial to overall patient health [2].

There are various rehabilitation techniques employed in clinics that exhibit different success
for the given diagnosis. Our empirical evidence initiated further theoretical studies of the
musculoskeletal system based on mathematical modeling (Figure 1).

The mathematical models can assess muscle activity of various motion patterns and can vali-
date the effectiveness of the motion pattern used in the INFINITY method®. It was hypoth-
esized that a figure of eight motion contributes to the stabilization and the strengthening of
trunk muscles, including the deep stabilization system. Advances in mathematical modeling
and technology are creating new opportunities that may be able to quantify the effect of phys-
iotherapy on the lumbar spine [4]. The overall aim of one particular study was to compare the
effect of a figure of eight movement on deep muscle activation and spinal load with simple
movements during rehabilitation.

The spinal muscle and L5/S1 load were assessed using mathematical modeling. The model
was designed to study the INFINITY method® that is primarily based on small micromotions
[2]. The study indicates that a more complex motion provides higher frequency load to passive
structures and requires complex activation of muscles enhancing neural system involvement.
The conclusions were that the complexity of motion pattern directly influences the spinal load
and muscle activation pattern [5]. Simple pendulum-like or circular-like motions do induce
harmonic muscle activation and spinal load. But the results show that the figure of eight pat-
tern () proposed in the INFINITY method® doubles the frequency of spinal loading while
conditions complex muscle activation patterns that could induce remodeling in passive struc-
tures, strengthen active structures, and effectively train the central neural system (Figure 2).

Figure 1. A Rear view, B Front view - spine muscles, C Front view - abdominal muscles.
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Figure 2. Movement patterns.

6. Conclusions

The INFINITY method® is a rehabilitation therapy and exercises developed by Michaela
Tomanova, MD, PhD, who is the head physician and director of a large rehabilitation clinic in
the Czech Republic. The clinic has 220 beds. Based on clinical experience gained in the years
of practice, Dr. Tomanova has developed a system of diagnosis and therapy for patients with
musculoskeletal problems. The basis of INFINITY method® was laid out in the beginning of
this century, and the method has been improved and developed since then. The method has
been based on knowledge gained in works published already.

The method utilizes motion in all three planes of the body and in all possible directions. The
method primarily addresses muscles and connective tissues that are used in an incorrect
manner due to our modern lifestyle, that is, muscles that are overloaded or underloaded.
Corrective motion patterns similar to daily activities are used. Relaxation and strengthening
of individual muscles and muscle groups occur during therapy, and the quality of connec-
tive and soft tissues is influenced as well. The muscle tone is normalized. Movements in an
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upright standing position are necessary to correct the optimal body posture, including neutral
positions. Therapy and exercises gradually and automatically lead to improvement in pos-
ture. The method also improves body segment positions because it impacts the whole posture
and spine stabilization with the help of gravity effects. The emphasis is on proprioception,
exteroception, sense of position, and sense of movement, as well as the patient’s awareness of
his or her own body and its motion.

The considerable advantage of the INFINITY method® is a wide range of autotherapy tech-
niques, well-understood principles, and a wide range of variations. Using these treatments
and exercises, the musculoskeletal system is loaded, but not overloaded, and it activates and
often relaxes these structures as well. The patient experiences whole-body stabilization after
treatment and practices the method with the assistance of a therapist. The treatment also
results in biomechanical rebalancing and body symmetrization in a space allowed by struc-
tures of the musculoskeletal and central neural system. This should also result in improve-
ment in quality and effectiveness of the motion, and also in improvement in connective and
soft-tissue quality and functionality (muscles, ligaments, tendons) as well as a reduction of
pain in the musculoskeletal system.
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Abstract

Improving quality in US physiotherapeutical treatments is mandatory in order to get
‘evidence-based’ clinical results. This implies quality assurance protocols for the equip-
ment, as well as some tentative dosimetrical approaches to predict local heating in
joints following US parameter setting and operative modality. Finally, the possibility of
‘personalized therapy’ with multimodal (by qualitative and quantitative, e.g. based on
sonography) assessment is discussed.

Keywords: ultrasound, physiotheraphy, quality, assessment, dosimetry, phantom

1. Introduction

Therapeutic ultrasound (US) is performed in physiotherapy to treat a variety of inflammatory
and post-traumatic diseases. Most of their effects depend on the induction of local thermal
increases, which elicit local vasodilatation and toxic substances washout; however, specific
and quantitative effects are often misconsidered in physiotherapy units. Moreover, despite
its widespread use in rehabilitative practice and a large number of studies, low scientific,
statistically assessed evidences of therapeutic US effectiveness are available. As a matter of
fact, details about the treatment modalities and the way in which the patients’” feedback was
collected are often missing. The chapter will be focused on the following points:

(1) Physical bases, technical approach and quality assurance of ultrasonic equipment: tech-
nological development and wide use of US within the patient's rehabilitation program

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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led to the need for a thorough understanding of the interaction between ultrasonic waves
and biological matter. Scientific evidence of US therapeutic effectiveness in rehabilitation
fields requires more attention on the technical specifications of devices used, and the exact
parameters applied in the treatment of selected patients in order to avoid standardized
US treatments using ‘protocols’ and non-specific parameter settings.

(2) Towards physiotherapeutic US dosimetry: treatment planning by the assessment of
thermal and mechanical effects. Quantitative assessment of thermal and mechanical
effects, and their dependence on the US parameters (frequency, emitted power, pulsed or
continue waves) and the treatment modalities (fixed field or massage, duration of the
treatment) may be quantitatively investigated on joint mimicking phantoms made of
muscle-equivalent agar-based material and bone disks. ‘In vitro’ temperature increases
can be predicted, which are the ‘asymptotical values’ in the absence of blood perfusion
and other heat dissipation mechanisms.

(38) Customized ‘in-patient’ assessment of clinical effects: clinical, functional and sonogra-
phycal evaluation can/should be performed before and at the end of the US therapy us-
ing Numeric Rating Scale, Constant Score, DASH questionnaire and sonographic images
supporting clinical and functional data.

2. Main body

2.1. Physical bases, technical approach and quality assurance of ultrasonic equipment

Ultrasound (US) is a mechanical non-ionizing radiation, which propagates in a medium
transferring energy from one particle to another by molecular oscillation. The longitudi-
nal waves (compression) can propagate in any medium, while the transverse waves are
observed only in solids, because of the weak links that are established between atoms and
molecules in the tissue fluids. The ultrasonic wave is mainly longitudinal in biological tis-
sues and characterized by alternating compression and rarefaction of the medium in which
it propagates, with variations in pressure within it. Related to the pressure amplitude, which
describes the degree of compression and rarefaction and thus the strength per unit area to
which the material is subjected in unit of Pascal (Pa = N/m?) and its multiples (e.g. MPa),
also the concept of power of an ultrasound beam, i.e. the energy transmitted in the time unit
measured in Watt and that of wave intensity, that is the amount of energy flowing in the time
unit through a surface of unit area, perpendicular to the direction of wave propagation (mea-
sured in W/cm?) are important. The intensity varies over time both in the case of continuous
wave (CW) or pulsed wave (PW): in particular, the presence of a pulsed field introduces
a temporal variation, defining a duty cycle (DC) as the ratio between the pulse duration
ultrasound (in time units) and the length of the period, calculated as a percentage. Therapies
that employ the US can be divided into two groups: ‘high power” and ‘low power’ [1]. The
high power applications include HIFU (high-intensity focused ultrasounds) and lithotripsy,
while low-power applications include physical therapy, sonophoresis, sonoporation and
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gene therapy. When a US wave proceeds from one medium to another, it is partly reflected
and partly transmitted, according to the laws of classical mechanics. Each medium is inher-
ently characterized by a complex quantity, the impedance Z, which synthesizes the acoustic
characteristics of the medium and quantifies the resistance that the medium itself opposes
the passage of sound waves. The acoustic impedance is defined as the product of the density
p of the medium (kg/m?) for the propagation velocity c (m/s)

Z = pc @D

Its unit of measure is Pa s/m or Rayl, named after the famous British scientist Lord Rayleigh,
which is equivalent to kg/m? s. Propagating in a medium, the acoustic wave is subject to a pro-
gressive loss of energy and, more properly, it causes a decrease in the intensity as a function of
distance from the source. This is due both to the absorption, where the mechanical energy of
the waves is partially converted into heat, and to the scattering, where the interaction between
the wave and any inhomogeneous structure in the medium determines a partial diffusion of
energy along directions different from that of direct wave propagation.

The overall effect, in a homogeneous medium, is such that a field of wave initial intensity I,
after a certain distance z, has an intensity, which decreases exponentially according to the
equation:

[ = I exp(-2az) (2)
where [ is the initial intensity I @ and the absorption coefficient of the medium (cm™).

The energy absorption of ultrasound within the medium (and the biological tissues as well)
depends on the frequency of the waves, being the coefficient of attenuation a inversely depen-
dent on the square of the frequency. This is responsible for the fact that most of the tissues
crossed by US exhibit an increase in the absorption coefficient of at least three times when the
frequency is increased from 1 to 3 MHz (e.g. from 0.14 to 0.42 cm™ in fat, from 1.12 to 3.36 cm™
in tendons, from 0.76 to 2.28 cm™ in muscle).

Lower absorption (and therefore higher penetration) of the ultrasonic wave is observable in
water and in fact as tissue rich in water, and therefore the local heating is not significant.
On the contrary, the absorption is much higher in the bone tissue and tendons [2]. In gen-
eral, soft tissues absorb about 10-20% of the emitted power per centimetre, while adult bone
completely absorbs the ultrasound beam in short distances. US at the frequency of 1 MHz is
mainly absorbed by tissues that are 3-5 cm from the probe, and precisely for this property
they are recommended for deeper lesions and in patients with subcutaneous fat [3].

Note that 3 MHz frequency is instead recommended for more superficial lesions, e.g. 1-2 cm
deep [3, 4]. All the above parameters contribute to the effects of US in biological tissues, which
are normally accounted for as ‘thermal’ and ‘non-thermal’ effects.

(i) Thermal effects: When US loose energy and the beam is attenuated due to the absorption
and dissipation of the ultrasonic energy, heat is produced by vibration, shock, and friction
with the cellular and intercellular structures of the crossed tissues. The temperature increase
that occurs in the medium can cause chemical or structural changes in biopolymers.
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This phenomenon is influenced by both the characteristics of the ultrasound beam (intensity
and frequency), the duration of exposure and the characteristics of the crossed tissues (acous-
tic impedances). Heating is established quickly; however, a thermal equilibrium due to the
heat dissipation due to blood flow is reached in longer times.

The thermal effect is most evident at the interface between tissues and in particular at the
interface between fat and muscle and at the level of the periosteum. The periosteum, for its
anatomical structure and for the continuity with the bone, absorbs a large amount of energy
and is therefore easily heated. The thermal elevation generates, as secondary effects, increase
in cellular metabolism and vasodilation; in particular, the latter property is important in the
use of therapeutic US in physiotherapy, promoting the wash-out of pro-inflammatory sub-
stances and pro-algogenic tissues.

(ii) Non-thermal effects: They include cavitation, which consists in the formation, growth and
implosion of gas bubbles within the fluid subjected to an ultrasonic field. In general, the cavi-
tation can be seen as the ‘break’ of a liquid and the consequent formation inside the same of
‘cavities” (bubbles) of the liquid containing dissolved gas or vapour itself. This phenomenon
occurs in many situations, for example, in boiling water or in proximity to the propeller in
rotation of a ship, and in any case when liquids are subject to high and rapid changes in pres-
sure and can occur in the use of therapeutic US or in Doppler ultrasound [5].

The almost instantaneous variations of density, pressure and temperature of the fluid in
which propagates the ultrasonic wave can also produce the so-called shock waves or pressure
waves which can also be extremely intense. The ultrasonic irradiation of water leads to the
formation of the hydroxyl radical and hydrogen radical, which give as the main final products
H,O, (hydrogen peroxide) and H,.

At the cellular level, the production of radicals induced by exposure to the US can also produce
biological effects on DNA; theoretical models and experimental studies have shown that the
effects of the US on biopolymers especially relate to the degradation pattern of structures [6].

The specificity of the effects stresses the need for accurate quality assessment, by specific
acoustic measurements on the clinical equipment.

The performances of the equipment have been investigated, especially on a local basis, by
many authors (see Refs. [7-10]), and recommendations have been proposed [11]. For exam-
ple, the Italian National Institute of Metrological Research (INRIM) settled a protocol [12] for
evaluating the ultrasonic power produced by clinical equipment using the Radiation Force
Balance (RFB) method. The ultrasonic power is actually determined by the measurement of
the force exerted on a target by the sound field generated from an ultrasonic source. The
absorbing, connected to the load cell, measures the apparent mass variation due to the ultra-
sonic field when the source is alternately switched on and off.

2.2. Towards therapeutic US dosimetry: treatment planning by ‘in vitro’ parameter
evaluation

Most of the therapeutic applications of US induce heating in insonated tissues to obtain some
beneficial effect. By increasing temperature a few degrees above the normothermic levels, it
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is possible to induce temporary vasodilation and increase blood inflow in the affected area,
performing a sort of ‘thermotherapy’. This mechanism has been proposed as the principal
one to explain the therapeutic effects obtained in physiotherapy applications: the analgesic
effect in the joints and muscles is mediated by vasodilation and by the subsequent wash-out
of pro-algogenic substances and pro-inflammatory with local edema reduction. In addition,
the increase of tissue temperature promotes a higher extensibility of soft tissue, and a relax-
ing effect on the muscles; the increase of cell activity and of the local metabolism caused by
the heat stimulates the accelerated wound healing and repair of tendon injuries, ligament,
muscle, etc.

Even non-thermal effects (cavitation, emulsion, streaming and sonoporation) may play a role
in the physiotherapy field: they, in fact, generate a sort of ‘micro-massage’ in tissues, promote
the increase of local blood flow; furthermore, at cellular and intracellular level, US induces an
increase of membrane permeability, calcium uptake, protein synthesis, mast cell degranula-
tion, production of growth factors, angiogenesis, increased fibroblast motility and orientation
modification of the fibres collagen and shift the type of collagen (type III to type I) in tissue
repair [13].

Controindications to the therapeutic US are possibly due to interference with other electronic
devices (e.g. cardiac pacemaker) or are related to the possible effects induced from heat and
cavitative phenomena.

US can cause damage to eyes, gonads, encephalon and ears, and the presence of growing
cartilage remains the most substantial downside.

It is also recommended not to use the US in body regions where there are implants or metal-
lic synthesis; in fact, given the large difference in impedance between these materials and
human tissues, areas of friction and heat accumulation can be formed, with unpredictable
consequences.

It is also not recommended for any kind of treatment with US in the presence of malignancies,
to avoid the spread in a circle of pathogenic cell lines. In order to get the therapeutic effects
described above, it is mandatory to know how US may increase local temperature depending
on the setting of the main parameters (frequency, power, etc.) and the modality of treatment
(CW, PW, etc.). Although in living tissues many biological mechanisms may dissipate heat,
preliminary investigations on “in vitro’ phantoms may help in finding the ‘asymptotic’ values
of the thermal increase locally induced by the US. Many approaches have been proposed
in the literature [see 14-16], based on different test materials exhibiting the same mechani-
cal and thermal properties of homogeneous tissues. Also, numerical simulations have been
proposed [17].

The use of ‘tissue-mimicking phantoms', coupling different tissues (e.g. muscle-equivalent
and bone), as the two presented in Figure 1 to simulate a superficial (A) and a deep (B) joint,
respectively, may be useful to evaluate the temperature at different depth depending on the
choice of the parameter values of the equipment and the different treatment protocols [18].

A cartoon cylinder filled with homemade agar-based gel, prepared using bi-distilled water
(86.5%), glycerine (5.5%), graphite (2%), agar (2.5%) and salicylic acid (traces) was produced.
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Figure 1. Scheme of the phantoms mimicking a superficial (A) and a deep (B) joint indicating the position of the bone
insert and of the temperature probes.

The phantom contains at one end a bovine bone disk 2 (+1) mm thick inserted at 3 (+0.5) cm
depth (simulating a ‘deep joint’) and at the other end a bovine bone disk 1 (+0.5) mm thick
inserted at 1 (+0.5) cm (simulating a “superficial joint’) (see Figure 1A and B). The two disks
were always fixed approximately in the centre of the phantom, and their diameter was
always smaller than one-half of the phantom diameter. Deep and superficial ‘joints’ were
treated at 1 and 3 MHz, respectively, using the equipment Enraf Nonius SonoPlus. Thermal
probes, inserted at different depth, perform temperature measurements before, during and
after sonications lasting 5 min and performed using the most diffused clinical treatment
modalities (e.g. selecting ‘continuous’ (CW) or “pulsed’ (PW) wave on the apparatus and
keeping fixed or massaging the probe on the phantom surface). Such massaging is per-
formed by small circular movements where the probe is freely and randomly moved on the
phantom cross section. The temperature increases detected into the phantoms are different
in superficial and deep joints, and mainly depends on the operating mode (CW or PW) and
on the fixed or massage modality selected for the probe application. The (min-max) tempera-
ture increases detected at different positions (see Figure 1) and with different modalities are

given in Table 1.

3MHz

T1 T2 T3

CW: (5-10) CW: (10-12.5) CW: (5-15)
PW: (0-2.5) PW: (0-2.5) PW: (2.5-5)
1 MHz

T1 T2 T3

CW: (5-7.5) CW: (5-7.5) CW: (2.5-5)
PW: (0-2.5) PW: (0-2.5) PW: (0-2.5)

Table 1. (Min-max) temperature increase (in °C).
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PW modality is always safer, while CW can induce temperature peaks (hot-spots) at different
depth inside the joint.

The local characteristics of the thermal field are not easily predictable based only on wave
attenuation, because the bone insertions influence the temperature distribution. In Ref. [18]
also the mechanical effects may be detected by inserting contrast agents (e.g. nanobubbles
[19]), which can be exploded when the US pressures exceed some threshold values, but no
significant differences could be detected in the nanobubbles diameter distribution before and
after US sonication. As a consequence, very accurate and anatomically based experimental and
numerical models are required to predict the thermal field inside any particular joint or non-
homogeneous body region. The starting points should be joints which most benefit from phys-
iotherapeutic US [20, 21], and in particular, shoulders, which often suffer from muscle-skeleton
diseases treated with US [22]. On any specific pathologies, such specifically those affecting the
shoulders, the previous investigations on phantoms may be useful to perform some ‘treatment
planning’ based on the different anatomical and functional features [23], as shown in Table 2.

Clinical diagnosis US parameters selected (intensity (W/cm?); frequency
(MHz); modalities; duration (minute)

Impingements and tendonitis BBLC 1.5; 3; pulsed (DC 25%); massage; 10
Frozen shoulder 1.5; 1; continuos; massage; 5

Rotator cuff tendinopathy 1.5; 1; pulsed (DC 25%); massage; 10
Suvraspinal tendonitis and bursitis SAD 1.5; 3; pulsed (DC 25%); massage; 10
Impingement syndrome 1.5; 3; pulsed (DC 25%); massage; 10
Tendonitis BBLC 1.5; 1; pulsed (DC 25%); massage; 10
Tendonitis BBLC and rotator cuff 1.5; 3; pulsed (DC 25%); massage; 10

Table 2. ‘Treatment planning’ based on the different anatomical and functional features in shoulders.

3. ‘Customized’ “in-patient’ assessment of clinical effects

Very often physiotherapeutic US is applied by using ‘protocols” which sets the same treat-
ment parameters values (e.g. duration and treatment modalities) for all patients and all kind
of diseases [22, 24]. In everyday clinical practice, it is uncommon to give a definite and quan-
titative clinical evaluation of the therapeutic results. Whenever it is done, the effectiveness
of the US treatment is often evaluated only by using clinical tests and pain scores such as
VAS or NRS, which give a subjective rather than quantitative and objective measure. It is
therefore necessary, in order to obtain an objective assessment of the US treatment effec-
tiveness, a multimodal evaluation of patients, including clinical, functional and pain scores,
and also including a sonographic quantitative investigation of the local phlogosis before and
after the treatment and of the final edema resolution. In a pilotal study [23] performed at the
Department of Physical Therapy and Rehabilitation Medicine at Turin University from May
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to September 2015, 10 patients with shoulder pain and functional limitation, due to biceps
brachii long head muscle or rotator cuff tendonitis, bursitis, intra-articular effusion, without
indication for surgical treatment were enrolled. After a preliminary physiatric evaluation,
each patient underwent the US and other successive rehabilitative treatments. The US thera-
peutic protocol is based on 10 sessions in consecutive days for an overall period of 2 weeks.
US treatments were then designed and performed by selecting the specific US parameters
values and the treatment modalities for each patient in consideration of their specific clini-
cal, functional and sonographic findings. A preliminary sonographic study was performed in
order to quantify edema, phlogosis or effusion. Relevant images were saved and transferred
on PC for further elaboration. As far as the other US parameter values are concerned, a care-
ful evaluation of the estimated depth of the lesion suggested the choice of the frequency of
1 MHz for deep and of 3 MHz for more superficial treatment sites. Moreover, depending
on the expected therapeutic increase in temperature at the lesion, the ‘continuous’” modality
was selected to induce more heat deposition (for a shorter time) while the ‘pulsed” modal-
ity, with a Duty Cycle (i.e. the US emitting time related to the total time length of the cycle)
selected at 25% was preferred for longer time (10 min) treatments. A multimodal assessment
(clinical, functional and sonographic) of the actual pathology was performed before the US
treatment, recording shoulder pain, ROM, strength, functional parameters and sonographic
imaging. Pain was estimated using the Numeric Rating Scale (NRS), Constant Score and
DASH scale were used for shoulder's function evaluation [25, 26]. The same procedure for
result assessment was followed at the end of the US treatment. The sonographic examination
was performed following a standardized procedure for the shoulder imaging named musku-
loskeletal ultrasonographic exam (MSUS) which satisfactorily detects the main findings of the
phlogosis process [27]. MSUS exam was performed before the US treatment session and at
the end of the last US session by a rehabilitation medical specialist, using an Edge Ultrasound
System (Sonosite, USA) connected to a 7.5 MHz frequency probe. To each alteration, a semi-
quantitative score from 0 to 3 was given (0: no alterations; 1, 2, 3: low, mid and high inflam-
matory alterations). Single scores were added to give a total value (total score), indicating
the global index of phlogosis of the shoulder in each patient [28]. All patients enrolled in
the study showed a significant reduction of shoulder pain and functional limitations with
NRS and DASH scores significantly improved. Sonographic imaging supports clinical data,
showing a considerable reduction of bursa or tendon's area of phlogosis. The previous expe-
rience obtained in monitoring temperatures in a realistic model (phantom) heated with US
with different modalities have been useful in defining more precisely which values of the US
parameters and which treatment modalities would be optimal to induce the expected thermal
effects for each specific patient.

4. Conclusions

Paying attention to the equipment efficiency, the ‘in vitro’ and ‘in vivo’ investigations of the
thermal field induced by any specific US probe working at different modalities and to the
specific characteristics of the joint to be treated, US physiotherapy may dramatically improve
its quality and possibly show evidences of effectiveness which are nowadays lacking.
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