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Preface

Physical therapy involves non-pharmacological interventions in various clinical conditions. There-
fore, it is important to highlight the procedures that are suitable, effective and, in general, do not
have side effects or complications when properly performed. Physical therapy can be valuable in
different situations along various steps of an individual’s life and in various clinical disorders. In-
deed, the editors wanted to select chapters that could be useful for readers and could contribute to
improving their professional performance. In this book, there are six sections and the topics and
chapters are highly engaging.

The sections are (i) physical therapy interventions for the pelvic floor will bring new findings about the
interventions in women'’s health and in the management of reproductive disorders; (ii) musculoskele-
tal rehabilitation with physical therapy approaches will explore the relevance of the whole-body vibra-
tion exercise as an intervention to improve musculoskeletal performance and the medical quality
outcomes and achievements of a multi-disciplinary inpatient musculoskeletal system rehabilitation;
(iii) neurophysiological aspects and physical therapy interventions will discuss neuroscience and the effec-
tiveness of motor imagery on physical therapy and its neurophysiological aspects and interventions
in Parkinson’s disease rehabilitation indicating the effectiveness of the approaches and new per-
spectives; (iv) physical therapy interventions related to pulmonary conditions with the application of a
single case study or case research design to present the rehabilitation effectiveness in a clinic, in the
targeting of limb muscle dysfunction in chronic obstructive pulmonary disease and the early mobili-
zation in patients with mechanical ventilation; (v) physical therapy interventions associated with chronic
clinical conditions will demonstrate the relevance of actions in clinical chronic conditions of physical
activity in non-communicable diseases and of the extracorporeal shock wave therapy in chronic
wound care, and finally; (vi) conceptual approaches of physical therapy interventions discusses the effect
and exercise, the conceptual framework for the inclusion of recreational therapy within South Afri-
can healthcare paradigms and the question of “Is manual therapy art or science?”.

The readers will have the opportunity to read about the latest findings related to various ap-
proaches of interventions in several fields related to health sciences. It is expected that this book
might contribute to health promotion, wellbeing, and human development.

At the end, the editors would like to thank the publisher IntechOpen and all the authors of the chap-
ters for their contributions.

Mario Bernardo-Filho
Laboratory of Mechanical Vibration and Integrative Practices
Rio de Janeiro State University, Brazil

Danubia da Cunha de Sa-Caputo

Laboratory of Mechanical Vibration and Integrative Practices
Rio de Janeiro State University, Brazil

Faculty Bezerra de Aratjo, Physiotherapy Course, Brazil

Redha Taiar
University of Reims Champagne-Ardenne, France
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Chapter 1

Pelvic Floor Physical Therapy and Women's Health

Dani Zoorob and Sara Anderson
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.88740

Abstract

Personalized approaches for the management and maintenance of women'’s pelvic health
are increasingly in demand. As pelvic floor dysfunction is multifactorial and origins vary,
it is essential as a clinician, to be familiar with available interventions to address each of
these dysfunctions and their causes. This chapter will discuss the role of physical therapy
in the management of female patients presenting with pelvic floor dysfunction related
to bowel, bladder and sexual health with focus on variations associated with age. Each
section addresses a specific type of pelvic floor dysfunction, discusses the methodology
for management, as well as the efficacy of the physical therapy intervention related to
treatment of each diagnosis.

Keywords: pelvic floor physical therapy, sexual dysfunction, urinary incontinence,
pelvic organ prolapse, constipation

1. Introduction

Addressing the muscular strength, coordination and mobility required for healthy pelvic
floor function, in addition to providing education regarding healthy bowel and bladder hab-
its and establishing diet and lifestyle modifications, physical therapists are poised to provide
care that directly impacts women'’s overall well-being and quality of life. Physical therapists
who treat pelvic floor dysfunction have completed post-graduate training in the specific anat-
omy, physiology, functions and treatment of impairments of the pelvis. Pelvic floor physi-
cal therapists complete internal vaginal as well as external vulvar, abdominal, hip and spine
screenings to establish differential diagnosis [1]. Interventions employed by physical thera-
pists are varied and dependent upon diagnosis as well as patient and clinician preference but
can include internal and external manual therapy, therapeutic exercise and neuromuscular
reeducation, and utilization of modalities such as biofeedback, rectal balloon manometry,

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgINEN
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electrical stimulation and transcutaneous electrical nerve stimulation (TENS) [2]. Pelvic floor
physical therapists establish plans of care based on physician’s referral orders, patient goals
and baseline functional measurements. These plans of care utilize home exercise programs
to supplement in-clinic treatment and maximize efficacy of physical therapy intervention [1].

Pelvic floor physical therapy is an important tool in the conservative management of sexual
dysfunction, urinary incontinence, pelvic organ prolapse and constipation [2]. Understanding
of the role and efficacy of physical therapy intervention in the treatment of these impairments
is important in providing patients with thorough and optimal care.

2. Management of types of sexual dysfunction through pelvic floor
physical therapy

Sexual function from a physical perspective involves the integrity and synchronization of
neurologic, hormonal, vascular and muscular systems [3]. The adaptations these systems
undertake throughout a woman'’s lifespan to accommodate gestation, delivery, post-partum
healing and menopause can result in physiologic disruption resulting in sexual dysfunction.
Common presentations of sexual dysfunction in women include chronic pelvic pain syn-
dromes, musculoskeletal conditions and sexual pain disorders [4].

Chronic pelvic pain is multifactorial and greatly affects sexual function. Pelvic pain may
develop following somatic dysfunction, after pelvic or psychological trauma, childbirth or
surgical intervention, and it may be idiopathic or pathologic [5-7]. Of the multitude of fac-
tors contributing to chronic pelvic pain, perhaps the most responsive to physical therapy
intervention is the condition of overactivity of pelvic floor musculature—also known as high
tone pelvic floor dysfunction. Prolonged overactivity of pelvic floor muscles (PFM) can lead
to hypertonicity and functional tissue shortening [6]. In addition to decreased length of con-
tractile tissue, mobility restrictions can affect neural and fascial function, resulting directly in
pelvic pain or worsening of the condition. Physical therapy intervention aimed at improving
tissue length, mobility, and decreasing trigger points has been shown to positively impact
sexual function. In a 2012 study by Fitzgerald, 60% of women who underwent treatment for
interstitial cystitis/painful bladder syndrome with myofascial physical therapy (PT) reported
moderate to marked improvement in symptoms, compared to 26% in the control group
treated with non-pelvic/global massage only [8]. Interventions for the treatment group con-
sisted of internal and external techniques aimed at connective tissue manipulation for tissue
lengthening and proprioceptive awareness.

Musculoskeletal conditions can impact the actual structure and anatomy of the pelvic floor
and create mechanical impairments leading to sexual dysfunction [4]. Coccygeal fractures
from falls, perineal tears and episiotomy scars and pelvic surgeries change the mobility and
angle of pull of pelvic floor musculature. Kinematic changes to pelvic floor soft tissue increase
likelihood of dysfunction including hypertonicity, weakness, and loss of coordination. For
example, increased tone of the obturator internus or piriformis may result in impingement
of the pudendal nerve causing pain with sitting, numbness, and tingling along the ipsilateral
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thigh as well as pain with intercourse [7]. In many cases, manual internal soft tissue mobi-
lization of these muscles—along with neural mobilization and core stability training—has
been shown to help relieve even severe pudendal nerve pain. Musculoskeletal conditions can
also present in conjunction with other diagnoses. A study by Mieritz et al. showed lumbo-
sacral mobility impairments and positive pain provocation tests for sacroiliac joint dysfunc-
tion in 51% of study participants with chronic pelvic pain and suspected endometriosis [9].
Musculoskeletal restriction in thoracolumbar spine can impair ilioinguinal, iliohypogastric
and genitofemoral nerve function, while sacral disruption can affect pudendal and posterior
femoral cutaneous nerves, adding to pelvic floor dysfunction [7]. An important population
to consider with musculoskeletal conditions affecting sexual function is that of postpartum
women. These patients develop loss of pelvic floor muscle strength and function following
vaginal delivery, and this state negatively impacts the stimulation and arousal required for
orgasm [10].

Sexual pain disorders are classified as dyspareunia and vaginismus by the DSM-5.
Dyspareunia includes provoked, localized vulvodynia and vestibulodynia, with suggested
etiologies ranging from hormonal and neurologic changes to inflammatory response and high
tone pelvic floor disorder [11]. Each of these proposed etiologies can be impacted by physical
therapy interventions as part of a multidisciplinary approach. Use of manual techniques to
improve fascial, visceral, neural and muscular mobility has been shown to improve sexual
outcome scores in women with levator-related pelvic pain. In a 2014 study by Zoorob et al.,
two groups of women reporting dyspareunia were treated with either pelvic floor PT or
levator-directed trigger-point injections. Results from this study demonstrated improvement
in both groups, however the group receiving PT demonstrated a greater overall improve-
ment in sexual function based on sexual function scores [12]. In addition to decreasing pain
with intercourse, some studies have shown that pelvic floor physical therapy intervention can
actually help increase sexual pleasure [13, 14]. Improvements in sexual pleasure may include
better orgasmic and arousal potential, desire, excitement and lubrication [13]. While PT inter-
vention alone has been shown to be effective in a patient’s functional recovery, it is important
to consider a multimodal approach to sexual dysfunction to address physical, psychological
and social barriers to optimize function on all levels.

3. The role of physical therapy in treatment of urinary incontinence

Urinary incontinence is a significant concern for women globally, with proposed incidence of
41% in women over the age of 40 [15]. Incidence of urinary incontinence has been observed
to increase with age, parity, and obesity [7, 16] Hormonal changes with age, including
decreasing estrogen and testosterone levels have an effect on urethral patency and pelvic
floor muscle strength. Aging is also associated with a decrease in overall activity level, which
contributes to disuse atrophy of the supportive pelvic floor musculature. It also results in a
higher incidence of weight gain due to hormonal changes, increasing abdominal girth and
intra-abdominal pressure (IAP). As parity increases, so do the effects of labor, including tissue
laxity and neuropathy.
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Physical therapy intervention is appropriate for management of all these physiologic changes
and has been shown to be effective as first-line treatment for urinary incontinence. Ina Cochrane
review by Dumoulin et al. in 2014, pelvic floor physical therapy (PFPT) was shown to be more
effective than no treatment or placebo drug in women with stress urinary incontinence (SUI)
or a combination of urinary incontinence types. Subjects treated with PFPT alone reported
better quality of life, fewer episodes of urinary incontinence and improved sexual functioning
[17]. Improving pelvic floor muscle coordination and strength allows for improved bladder
and urethral support, decreasing visceral translation during periods of increased IAP such
as coughing, sneezing and laughing, and also increases urethral pressure, preventing urine
leakage [18]. A 2013 study by McLain et al. demonstrated reduced bladder neck mobility dur-
ing coughing and increased cross-sectional area of the urethra musculature in patients who
underwent 12 sessions of weekly pelvic floor physical therapy [19]. The observed hypertrophy
of the urethra sphincter is important in demonstrating the role of pelvic floor physical therapy
in treatment of urinary incontinence in women who do not have intact pelvic floor muscles
or who have strong pelvic floor muscles but have impaired urethral sphincters. In addition
to hypertrophy of the urethral sphincter, increased strength of levator ani in the pelvis and
increased clamping of the compressor urethrae while increasing urethral pressure markedly
help in preventing incontinence [20]. Pelvic Floor physical therapy interventions are not iso-
lated to training of intrapelvic musculature and benefit may be extended when paired with
strength training of accessory muscles, such as the gluteal muscles, hip adductors and anterior
abdominal wall musculature. Strengthening of the transverse abdominis (TrA)—in addition
to intrapelvic musculature-has been shown to decrease effects of SUI and improve quality
of life (QOL) in multiparous women [21]. Although pelvic floor physical therapy is available
as an option for treating urge urinary incontinence, this is rarely considered in isolation to
address and counteract the detrusor contractions [17, 22]. Physical therapy intervention for
urinary incontinence also includes behavioral training related to urge suppression and void-
ing mechanics, dietary changes to avoid bladder irritants and neuromuscular retraining to
address tonal abnormalities affecting muscle function [7].

Weight management, as demonstrated by the PRIDE study, is an important factor in the resto-
ration of urinary continence. The study showed a 50% reduction in frequency and severity of
SUI when subjects lost 10% of their bodyweight [16]. Despite the benefits of weight loss, many
patients are hesitant to begin a weight loss program due to fear of injury or re-injury, lack of
information or guidance on initiating a diet or exercise regimen, or even lack of resources, such
as access to a gym. Physical therapists are uniquely positioned to establish safe and effective
exercise programs and give nutritional guidance to patients attempting to reach a healthier
weight to improve their incontinence. Many women also report decreasing or ceasing par-
ticipation in regular exercise due to urinary incontinence experienced with physical activity.
Participation in pelvic floor physical therapy to improve pelvic floor muscle strength and coor-
dination prior to and during initiation of an exercise program will allow a woman to enjoy
bladder control while engaging in physical activity. Evaluation of dysfunctional movement
patterns and treatment of chronic pains and recurrent injuries are well within a physical thera-
pist’s scope of practice and will allow patients to feel confident increasing their activity level.

Gestation and delivery are both major factors in development of urinary incontinence [23].
Loss of anterior abdominal wall muscular strength with the progressing gestation results in
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limiting of the body’s ability to recruit accessory musculature for force-coupling of the pelvic
floor muscle contraction. This decrease in core muscle activation, combined with increased
intraabdominal pressure from the growing uterus and fetus, increases a woman’s likelihood
of developing urinary incontinence during pregnancy. A 2003 study investigated the role of
a pelvic floor exercise regimen on the incidence of urinary incontinence in pregnant women
[23]. Study participants in the treatment group reported significantly less urinary inconti-
nence than the control group at 36 weeks gestation, as well as 3 months postpartum. In addi-
tion to the strain placed on the pelvic floor during gestation, vaginal delivery also presents the
opportunity for neuromuscular injury. Prolonged labor, with sustained stretch of the levator
ani muscles and the pudendal nerve, increases the likelihood of a woman developing neu-
ropathy, affecting muscle strength and function and contributing to urinary incontinence [23].

Adherence to PFPT is multifactorial and includes attendance at each visit, performance of
home exercise program between visits and the long-term adherence to home exercise plan [24].
Despite the efficacy of physical therapy treatment for urinary incontinence, as well as the low-
risk nature of the intervention, adherence to PFPT has been reported as lower than 50% [25, 26].
A physician’s understanding and support of PFPT and its role in conservative care may improve
a patient’s motivation to participate in PFPT and thus attaining improve outcomes.

4. The role of physical therapy in treatment of pelvic organ prolapse

Pelvic organ prolapse (POP) is a common issue in women following childbirth, with an esti-
mated 94% presenting with evidence of POP noted during routine annual gynecologic exami-
nation (Swift 2000). POP is linked to urinary incontinence and sexual dysfunction and is the
cause of approximately 200,000 inpatient surgical repairs in the United States annually [27].
Etiology of POP is multifactorial but generally speaking, involves descent of pelvic organs
due to increased abdominal pressure, tissue stretch, and loss of functional support from pelvic
floor soft tissue. Risk factors include both increased age and parity, obesity, history of exces-
sive Valsalva maneuvers such as with heavy lifting and repetitive straining associated with
chronic constipation. Patients with POP may present with bowel, bladder or sexual dysfunc-
tion and multiple studies have determined the efficacy of physical therapy intervention for
each of these functions per se. A randomized control trial (RCT) by Breakken in 2010 sought
to investigate the role of physical therapy intervention in treatment of POP. The study demon-
strated statistically significant difference in bladder and rectal elevation with participation in
pelvic floor strengthening exercises in the intervention group compared to the control group
[28]. Within the study, conservative management of POP with pelvic floor physical therapy
was shown to reduce symptoms of vaginal bulging or heaviness, and improve SUI, urge uri-
nary incontinence and bowel symptoms of flatus and loose stool incontinence. Sexual dysfunc-
tion related to POP is typically attributed to vaginal obstruction and laxity, and contributes to
sexual avoidance, poor body image, as well as reduced sexual desire and arousal [29, 30]. In
another study by Breakken et al., women with stage I, II and III POP who underwent a pelvic
floor physical therapy program, in addition to education on lifestyle modification, demon-
strated a statistically significant medium association between improvement in sexual function
and increase in pelvic floor muscle strength [31]. The author reported “Improvement in sexual
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function included increased awareness, strength and control of pelvic floor muscles, sensa-
tion of a ‘tighter vagina’, improved self-confidence, libido and orgasms, resolution of pain
experienced with intercourse and partner reports of sexual gratification.” Physical therapy
intervention for POP is aimed at functional restoration of pelvic floor muscles, with treatment
addressing strength, endurance and coordination of soft tissue, in order to improve support
of the pelvic organs. The POPPY trial in 2014, demonstrated further efficacy of PT interven-
tion [32]. In their multicenter RCT, patients with symptomatic POP were randomized into
PFPT intervention and control group, with both receiving lifestyle advice. The women who
received pelvic floor physical therapy reported fewer POP symptoms at 12 months than the
control group, and 80% of participants in the intervention group continued to perform pelvic
floor muscle exercises at 12 months after trial entry. This continued adherence to exercise is
important in long-term maintenance and management of symptoms and demonstrates fur-
ther efficacy of PT intervention.

Surgical management of pelvic organ prolapse is typically necessary in symptomatic cases of
grade III-IV and in women with significant negative impact on quality of life. Although most
women are pleased with their surgical outcomes following repair, 25% require additional post-
operative therapy [33]. Post-operative SUI due to poor pelvic floor muscle recruitment may be
due to lack of training and coordination, as the patient most likely has not needed to perform
a pelvic floor contraction since her prolapse became obstructive [34]. Post-operatively, lower
urinary tract symptoms (LUTS) may also include increased daytime urgency and nocturia, in
addition to other voiding or storage symptoms. LUTS caused by levator dysfunction, assessed
by internal vaginal assessment, or behavioral factors such as dietary irritants or improper
fluid intake volumes, assessed by patient interview and patient’s completion of food and fluid
diaries, may be addressed by a physical therapist pre-operatively, improving outcomes and
patient satisfaction scores following POP repair.

5. The role of physical therapy in treatment of constipation

Constipation is a common impairment in children and adults and affects mental, physical and
social functioning [35, 36]. An estimated 10-20% of adults worldwide report symptoms of
constipation, which can include having a bowel movement fewer than three times per week,
presence of hard, dry, small and difficult to pass stool, and pain with bowel movements [37].
Symptoms of constipation also include straining, bloating and the sensation of a full bowel.
As constipation is multifactorial and commonly seen in conjunction with other pelvic disor-
ders, it is important to understand the role of physical therapy interventions and utilize them
to supplement care of constipation-related symptoms.

Constipation is generally considered a symptom. Amongst other causes, it can develop through
poor dietary habits, slow-transit colon, pelvic floor muscle dysfunction, impaired anorectal
angle and/or paradoxical pelvic floor contraction. Pelvic floor physical therapists may improve
symptoms of constipation through behavioral modification, such as diet and fluid intake
modifications and education on proper toileting habits and positions. Changing the angle of
the patient’s hips, for example, changes the anorectal angle during defecation, allowing for
ease of bowel movement through relaxation of puborectalis. In a 2002 study by Rad et al., the



Pelvic Floor Physical Therapy and Women's Health
http://dx.doi.org/10.5772/intechopen.88740

difference in bowel emptying while patients were seated on a European toilet compared to an
Iranian-style toilet was investigated [38]. This position change puts the patient in a squatting
position in the latter category or toilets. The study suggested complete bowel emptying on
the Iranian-style toilet and incomplete bowel emptying while seated on the European-style
toilet. Use of assistive devices such as the Squatty Potty ™ and physical therapy to improve
hip mobility and pelvic floor muscle function may allow for improved defecatory mechanics.
Physical therapists may also offer patients nonpharmaceutical interventions to improve bowel
motility, including abdominal massage and dietary modifications. Abdominal massage may
stimulate peristalsis, decrease colon transit time, increase frequency of bowel movements and
decrease pain and discomfort [39]. Abdominal massage may be performed in clinic and taught
to the patient or caregiver for symptom management at home. Physical therapists may also
encourage dietary changes as part of patient care. Important behaviors for improved bowel
motility include increased water consumption and ensuring adequate fiber intake.

Biofeedback is another important tool in the conservative management of constipation.
Biofeedback may be used in-clinic and patients may either purchase or rent a biofeedback
unit for at-home use. Biofeedback is helpful in improving pelvic floor muscle strength in
patients with low tone but is also used effectively in treatment of anismus or pelvic floor
dyssynergia. A 2015 study showed a 48% improvement in patient symptom scores using the
patient assessment of constipation-symptoms (PAC-SYM) questionnaire following 6-8 ses-
sions of biofeedback therapy with manual and verbal biofeedback, surface electromyogra-
phy (EMG), rectal balloon sensory therapy, pelvic floor and abdominal massage and core
strengthening to correct dyssynergia [40].

Use of rectal ballooning in improving rectal sensation is a treatment some specially-training
pelvic floor physical therapists may offer. Chronic constipation and rectal filling may lead to
poor sensation in rectum and poor awareness of bowel movement. Pourmomeny assessed the
efficacy of biofeedback and rectal balloon training showing decreased constipation in both
groups; however, biofeedback training (79% improvement) was superior to balloon training
(52% improvement) and should be implemented prior to balloon training) [41].

An important consideration in the discussion of constipation management is that of opioid-
induced constipation [42]. As the health care community becomes more aware of the negative
side effects of long-term opioid dependence, it is imperative to seek out other less harmful
analgesics. Physical therapy plays a role in pain management and functional restoration pre-
or post-surgically, and can even be helpful in the prevention of injury with movement screen-
ings for athletes or with clients prior to initiating an exercise program.

6. Conclusion

In conclusion, pelvic floor dysfunction is a multifactorial condition with significant overlap
in causative factors and symptom presentation between sexual dysfunction, urinary inconti-
nence, pelvic organ prolapse and constipation. Utilization of physical therapy intervention
improves pelvic floor function and, allowing women to employ their bodies” own supportive
structures to decrease impairments and maximize their quality of life.
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Abstract

Several textbooks and anecdotal reports exist on the management of reproductive disor-
ders by physical therapy (PHT). However, the recommendations from these sources are
often not supported by recent empirical outcome evidence. Thus, there is a need for a
comprehensive, up-to-date appraisal of the effectiveness of PHT in the management of
reproductive disorders. An exhaustive review of the relevant articles published between
1988 and 2019 was undertaken on the primary electronic databases. The search produced
352 “hits,” but only 47 of them met the stated purpose of the review and subsequently
classified into nine disease domains. The overwhelming majority (91%) of the 47 articles
reviewed found the PHT modalities being investigated to be effective. The credibility of
the work ranges from “poor” (for the case reports) to “strong” (for the meta-analysis). The
pubococcygeus contraction exercise training (PCET), aka Kegel’s exercise, was the most
studied modality, followed by aerobic exercise. Although substantial evidence suggests
that PCET and transvaginal electrical stimulation are effective for reducing the symptoms
of stress urinary incontinence (UI), the data on adjunctive techniques (EMG biofeedback,
and vaginal cones) are less consistent. There is presently no reliable evidence to support
the use of PCET in combination with EMG biofeedback and electrical stimulation to
relieve overactive bladder and improve sexual function in men. The conflicting findings
are because many of the published studies are heterogeneous in methodology with vari-
ant time frame follow-up; therefore, making firm conclusion difficult. There is a need for
more randomized controlled trials (RCT) with adequate sample sizes and the use of
sensitive, reproducible, and valid outcome measures. In conclusion, systematic reviews
and meta-analyses are needed to bolster the rationale for recommending PHT in the
management of chronic pelvic diseases in women. Similarly, RCT is required to support
the recommendation for using PCET, electric stimulation, and EMG biofeedback to treat
ejaculatory/orgasmic dysfunction, prostatitis, UI and erectile dysfunction in men. The
information in this chapter will be useful to physical therapist students, frontline clini-
cians, and healthcare policymakers.

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIEN
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intervention, efficacy

1. Introduction

Reproductive health is within the purview of obstetrics and gynecology; the clinical specialty
that deals with pregnancy, child delivery, and the care of the female reproductive system
(breast, vagina, uterus, and ovaries), including the management of the dysfunction of the male
prostate and the external structures such as the penis, scrotum, and testicles. Several textbooks
[1, 2] and expert opinions [3-12] on the reproductive disorders that are amenable to physical
therapy (PHT) intervention have been published previously. However, the recommendations
from these sources are often based on clinical opinions and speculations that are not supported
by empirically based research. Thus, there is presently a need for a credible reference source
that evaluates the literature and provides up to date information on the efficacy of PHT in the
management of reproductive disorders in obstetrics and gynecology.

2. Review methodology

An exhaustive search of the pertinent literature on the PUBMED, CINAHL and PsycINFO
electronic databases was conducted using the primary keywords: reproductive disorders,
PHT, intervention, and efficacy. Subsequently, secondary keywords (urinary and fecal inconti-
nence, chronic pelvic inflammatory diseases, postpartum depression, gestational diabetes
mellitus, vestibulodynia, dyspareunia, persistent genital arousal disorder, sexual dysfunction,
post-mastectomy complications) were selected individually and used in combination with the
primary keywords. Following the literature searches, a total of 352 “hits” emerged. The
abstract of each literature search output was assessed for their relevance to the review stated
goal. Only 47 of the articles met the purpose of the literature review and were classified into
nine disease domains, and the pertinent information on each of them presented in Table 1.
Subsequently, the full articles were read and evaluated for their weaknesses and strengths [13].

Figure 1 illustrates the credibility rating criteria used to evaluate the 47 articles reviewed. The
meta-analysis investigation has the highest credibility and is at the top of the pyramid, while
the pre-experimental (case report/series) design has the lowest credibility and is at the bottom
of the pyramid. The other research designs (quasi-experimental, randomized controlled trial
and systematic review) are in between the apex and base of the pyramid.

In this review, the external validity of the findings from case reports/series are considered
“poor,” or “limited” and quasi-experimental (cross-sectional) designs ranked as “fair”,
because a cause and effect conclusion cannot be inferred from these two designs as they fail
to control for extraneous factors such as history, repeated testing, maturation, selection bias,
experimental mortality, instrumentation, and statistical regression [13]. The credibility of the
findings from true experimental designs (also known as randomized controlled trials—RCT) is
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S./No. Authors Year Physical therapy modalities Gender™ Study Outcomes™ Finding’s
evaluated">34567:85101112 designs™ credibility

Chronic pelvic inflammatory disease (PID)/salpingo-oophoritis (5 studies —11%)

1 Balogunand 1988 SWD F Case report  + Poor
Okonofua

2 Evseeva et al. 2006 SWD F Quasi- + Fair

experimental

3 Lamina and 2008 SWD F Case series + Poor
Hanif

4 Laminaetal. 2008 SWD F RCT + Moderate

5 Sonali et al. 2015 SWD/PCET/ADL RCT + Moderate

Urinary and fecal (anal) incontinence (10 studies —22%)

6 Harvey 2003 PCET F Systematic — Substantial
review
7 McLennan 2006 Knowledge PCET F Quasi- — Fair
etal. experimental
8 Vasconcelos 2006 PCET/EMGB F RCT + Moderate
et al.
9 Kari Bo 2012 PCET F Systematic + Substantial
review
10 Terlikowski 2013 ES/EGMB F RCT + Moderate
et al.
11 Park et al. 2013 PCET F Meta- + Strong
analysis
12 Homsietal. 2015 PCET F Systematic + Substantial
review
13 Adamsetal. 2015 PCET F Quasi- + Fair
experimental
14 Castellani 2016 PCET/ES/EMGB F RCT + Moderate
et al.
15 Garcia- 2016 PCET F Systematic Substantial
Sanchez et al. review
16 Liu et al. 2018 ES/EMGB/PCET F RCT + Moderate

Sexual dysfunction (4 studies—9%)

17 Brotto et al. 2010 PCET F Systematic ? Substantial
review
18 Juraskova 2013 PFRE* F Quasi- + Fair
etal experimental
19 Cohenetal. 2016 PCET M Systematic + Substantial
review

Vestibulodynia and dyspareunia (7 studies —15%)

20 Bergeron 2002 Manual therapy (stretching), F Retrospective + Fair
etal. EMGB, ES, PCET"!

21 Murina et al. 2008 TENS F RCT + Moderate

17
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S./No. Authors Year Physical therapy modalities Gender™ Study Outcomes™ Finding’s
evaluated">34567:85101112 designs™ credibility
22 Dionisi et al. 2008 EMGB/TENS/ES F Quasi- + Fair
experimental
23 Dionisiand 2011 PCET/TENS/©@DMFSE F Quasi- + Fair
Senatori experimental
24 Salvatore 2014 Fractional CO; laser therapy” F Quasi- + Fair
etal. experimental
25 Davis et al. 2013 PFRE/EMGB* F Quasi- + Fair
experimental
26 Brotto et al. 2015 PCET F Quasi- + Fair
experimental
Post-partum depression and obesity prevention (7 studies —15%)
27 Dennis 2004 Relaxation/massage therapy’ NS Systematic — Substantial
review
28 Dinas et al. 2011 Aerobic exercise' NS Systematic + Substantial
review
29 Josefsson 2014 Aerobic exercise™® F Meta- + Strong
etal analysis
30 Kvam et al. 2016 Aerobic exercise' F Meta- + Strong
analysis
31 Saligheh etal. 2017 Aerobic exercise™ F Systematic + Substantial
review
32 Wu et al. 2017 Aerobic exercise' F Systematic + Substantial
review
33 Soucy et al. 2017 Aerobic exercise' F RCT + Moderate
Survivors of breast cancer (2 studies —4%)
34 Juvet et al. 2009 Multimodal — Aerobic exercise'®  F Systematic + Substantial
review
35 Cox et al. 2015 Aerobic exercise'® F Quasi- + Fair
experimental
Infertility due to adhesive disease (2 studies—4%)
36 Rice et al. 2015 Manual physical therapy'' F Quasi- + Fair
experimental
37 Okhowat 2015 Deep relaxation massage'? F Quasi- + Fair
etal. experimental
Gestational diabetes mellitus prevention (2 studies —4%)
38 Harrison 2016 Aerobic exercise' F RCT + Moderate
etal.
39 Wang et al. 2017 Aerobic exercise'’ F RCT + Moderate

Mastectomy complications: lymphedema, pain and dermatologic adverse events (7 studies—15%)

40 Seav et al. 2015 Aerobic exercise'/PCET F Systematic — Substantial
review

41 Schmidtetal. 2017 Aerobic exercise!” F RCT + Moderate
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S./No. Authors Year Physical therapy modalities Gender™ Study Outcomes™ Finding’s
evaluated">34567:85101112 designs™ credibility
42 Lee 2018 Scrambler therapy'® F Case report  + Poor
43 Zasadzka 2018 Bandaging & decongestive Rx'7  M/F Quasi- + Fair
etal experimental
44 Dalencetal. 2018 Hydrotherapy'® F Quasi- + Fair
experimental
45 Yeung and 2018 Hydrotherapy (aquatic vs. land)'® F Systematic ? Substantial
Semciw review
46 Duyuretal. 2019 Decongestive therapy'” F Quasi- + Fair
experimental
47 Panchik etal. 2019 Multimodal—aerobic exercise'®  F Meta- + Strong
analysis

!SWD = shortwave diathermy.

*EMGB = EMG biofeedback.

3PCET = PC exercise (Kegel's) training.

*PFRE = pelvic floor muscle relaxation exercise.
°ES = electrical stimulation.

®TENS = transcutaneous electrical nerve stimulation.
"LASER = fractional carbon dioxide laser therapy.
8MFSE = Daily myofascial stretching exercises.
“Relaxation/massage therapy.

19 Aerobic exercise.

""Manual physical therapy.

?Deep relaxation massage.

13Gender: F = female, M = male, NR = not reported.
MRCT = randomized controlled trial (RCT).

15Outcome: + = Effective, — = not effective,? = unclear.
16Scrambler therapy.

Compression bandaging and complex decongestive therapy.
¥Hydrotherapy.

Table 1. The relevant information on the efficacy of physical therapy in the management of reproductive disorders.

considered “moderate”; systematic reviews and meta-analyses as “substantial” and “strong,”
respectively. The outcomes from RCT, systematic reviews and meta-analyses eliminate selec-
tion and confounding factor biases. Therefore, a cause and effect conclusion can be drawn
from them [13].

3. Results

All the 47 full length articles reviewed appeared in peer-reviewed journals between 1988 and
2019, and the salient points extracted from them are shown in Table 1. Most of the published
articles reviewed was a quasi-experimental design. The data for 90% of them were collected
from females, less than 4% were from males, and the rest did not specify the gender of the
study participants. The most popular area of PHT research in obstetrics and gynecology is
urinary and fecal (anal) incontinence (22%), followed by mastectomy complications (sexual
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Stmng: Meta-analyses

Substantial: Systematic reviews |

‘ Moderate: Randomized controlled
trials

Fair: Quasi-experimental designs
Poor: Case reports/series
.

Figure 1. Research credibility pyramid.

dysfunction, lymphedema, pain, and dermatologic adverse events) which accounts for 17%.
Vestibulodynia and dyspareunia, post-partum depression, and obesity prevention each
accounted for 15% of the PHT research. Chronic pelvic inflammatory disease/salpingo-
oophoritis represents 11% and sexual dysfunction was 7% of the published research. The least
studied area of women’s health PHT (4% each) was the physical/psychological well-being of
survivors of breast cancer, including infertility, adhesive disease and gestational diabetes
mellitus prevention (Table 1).

For historiographic and consistency purposes, the review in each of the nine disease domains
was organized in sequential order starting from the oldest to the most recent publications. The
aim and major findings for each of the 47 investigations are presented below.

3.1. Chronic pelvic inflammatory disease/salpingo-oophoritis

In 1988, Balogun and Okonofua documented the effectiveness of shortwave diathermy (SWD)
while treating a 39-year-old black woman with an eight-year history of chronic PID that is non-
responsive to conventional antibiotic therapy [14]. SWD is a deep-heating thermal agent that
its use has declined in several countries because of its large size and heavy weight but is
enjoying a rebirth due to modern technology that now produced a more compact and light-
weight product that can be transported easily within the clinic and use in the home setting. A
modified “cross-fire” technique at a thermal dosage level was administered (for each half of
the crossfire technique treatment) for 20 and 30 min. At baseline, the patient rated her pain
perception on a 10-point visual analog pain scale at the beginning of every treatment session.
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After eight sessions of SWD treatment, she was utterly pain-free and remained so for 6 months
at follow up.

In three case series, Lamina and Hanif [15] replicated the clinical protocol described earlier by
Balogun and Okonofua. Two of the patients in this study had their pain score on the visual
analog scale reduced from an average of 6.5 to 0 and remain at 0 levels without any medication
4 months later. The third patient had her pain perception reduced from 6 to 4; and on follow up
pain score stay at level three while still on antibiotic treatment.

In a quasi-experimental study, Evseeva et al. investigated the effect of a “low-frequency
electrostatic field” for treating chronic salpingo-oophoritis. Sixty-three females with the disor-
der participated in the study; 52 of them received intensive treatment with the electrotherapy
device, while the remaining 11 study participants received a sham treatment. They found the
participants who received the “low-frequency electrostatic field” treatment observed signifi-
cant and long-term pain relief for up to 18 months [16].

In a follow-up RCT, Lamina, Hanif and Gagarawa investigated the effect of SWD in the
management of the chronic PID [17]. Thirty-two patients diagnosed with the disorder were
assigned randomly to three (SWD, control, and analgesic) groups. The SWD group (n = 13)
received antibiotics (oral ofloxacin 400 mg twice daily and metronidazole 400 mg twice a day,
placebo (sham analgesic) tablets and SWD treatment for 15-20 min on alternate days of
the week. The analgesic group (n = 14) received antibiotics, analgesics (nonsteroidal anti-
inflammatory drugs—oral ibuprofen 400 mg twice daily, and sham SWD, while the control
group (n = 13) received the same dosage of antibiotics, sham SWD, and placebo tablets.
The treatment lasted 30 days, and pain perception was monitored pre-and-post-treatment. The
baseline (pretest) pain scores among the groups differ significantly (F = 4.96, p < 0.05).
The pre-and-post-treatment difference observed in the severity of pain was statistically signif-
icant (p < 0.05) among the groups. The mean pain score of the SWD group compared to the
control and analgesics groups was significantly reduced.

In 2015, Sonali et al. investigated the efficacy of SWD in the management of pain associated
with chronic PID [18]. They randomly assigned 30 women between 18 and 40 years diagnosed
with PID into two groups. The women in group one were treated with medication (antibiotics
and analgesics), pubococcygeus contraction exercise training (PCET), aka Kegel's exercise,
activities of daily living instruction and SWD. The women in group two received medications,
PCET, and activities of daily living instruction, but no SWD. The pre-and-post-intervention
visual analog scale and pain disability index were monitored. The result of the investigation
showed significant improvement in both outcome measures among the women in group one
treated with SWD. The authors concluded that their findings provide a rational basis for
recommending SWD instead of analgesics, which often has side effects, during the manage-
ment of the debilitating pain associated with PID.

In a recent randomized controlled trial, Saif et al. evaluated the effectiveness of SWD and
pharmacological agents in the management of the chronic PID [19]. The authors randomly
allocated 60 women diagnosed with PID for more than 6 months into three groups; 20 women
in each group. The women in group one received both medical (oral doxycycline 100 mg twice

21
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daily and metronidazole 500 mg twice daily for 14 days) treatment and SWD. Those in group
two received only SWD treatment, and the third group received only medical treatment. The
SWD treatment using the crossfire technique was administered for 20 min (split into two
sessions of 10 min per session) every alternate day for a total of 15 sessions. At baseline, the
gynecologist clinically examined the women, took a cervix biopsy for laboratory analysis and
ultrasonography to detect any underlying pathology. Also, the pain level was measured using
a 10-point visual analog scale. Post-treatment, after 14 days of treatment for group 1, and the
5th week session for groups 2 and 3, pain score on the 10-point visual analog scale, laboratory
(end cervix swab) specimen was taken to examine the number of WBCs, and ultrasonography
was also conducted to detect any improvement in previous pathology, self-report of itching,
and discharge. A statistically significant (p < .01) improvement in itching and discharge was
observed among the women in group one when compared to the women in group three; and
insignificant differences was obtained between women in groups two and three (p > .05).
Compared to the baseline, the result revealed a statistically significant difference (p <.01) in
the visual analog scale pain rating score in the three groups following treatment. No significant
difference was observed in the pain rating score when group one was compared with the other
two groups (p > .05) and insignificant differences was also observed between groups two and
three (p >.05). There was a statistically significant (p <.01) reduction in the number of pus cells
in the cervix swab specimen and reduction of fluid in the Douglas pouch for the women in
group one compared to the baseline and the other groups. The authors concluded that the
most beneficial therapeutic effect is when SWD was used in combination with medical treat-
ment (analgesics and antibiotics).

3.2. Urinary and fecal (anal) incontinence

Harvey investigated the effectiveness of PCET in the prevention of urinary/anal incontinence
and prolapse [20]. The major electronic databases were reviewed to identify studies that used
prenatal and postpartum PCET. The review yielded 12 investigations on the role of prenatal
PCET, which included three RCT which compared PCET for the prevention of UI to controls.
Similarly, the authors identified 12 studies that evaluated postpartum PCET for prevention of
UL of which 4 were RCT designs. The author also reviewed five researches that evaluated
postpartum PCET for the prevention of anal incontinence; four of the investigations were RCT
designs. The analyses revealed that prenatal PCET used in combination with biofeedback does
not significantly produce short-term (3 months) decrease in postpartum UI or pelvic floor
strength. However, postpartum PCET implemented with vaginal device to provide resistance
or feedback, appear to decrease postpartum Ul and increase strength. Ongoing reminder and
motivational instructions to perform PCET are not effective strategies in preventing postpar-
tum UL The authors concluded that postpartum PCET does not consistently reduce the inci-
dence of anal incontinence.

A quasi-experimental (cross-sectional) research by McLennan et al. evaluated the knowledge
of pregnant women about pelvic floor complications during pregnancy and delivery [21]. A
total of 232 women with a mean age of 27 years and the overwhelming majority (85%) had at
least grade 12 education participated in the study. A day after delivery, the women completed
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a 52-item questionnaire that assesses their knowledge of the information provided during
routine antenatal care. The research questionnaire intermixed the pelvic floor and general
questions. Forty-six percent of the women in the investigation reported that they did not
receive any information on PCET; 51% denied receiving information on episiotomy; 47% on
UL 81% fecal incontinence; 73% change in vaginal caliber; and 85% did not receive any
information on neuropathy. Education of pregnant women on all these issues occur less
frequently (p <.05) than counseling on general pregnancy topics. The authors concluded that
instruction of pregnant women about pelvic floor risks is very much lacking and advocated the
development of educational materials on the issue.

A prospective study by Vasconcelos et al. randomly allocated 56 women (6-15 years old) with
dysfunctional elimination syndrome who are nonresponsive to previous therapies into two
groups [22]. Both groups received avoiding and drinking schedule, and instruction on ade-
quate toilet posture reinforced through the maintenance of voiding diaries, and PCET inter-
vention but different training sessions and treatment duration. Group one consists of 26
women who received 24 training sessions over 3 months, and Group two which comprised of
30 women also received 16 training sessions of EMG biofeedback therapy offered over 2
months period. Outcome measures (millivoltage recordings of the pelvic floor muscles (PFM)
and postvoiding residual urine monitored by dynamic ultrasonography) were monitored at
pre-intervention, 1, 6, and 12 months post-intervention time frames. Renal ultrasonography
and dynamic ultrasonography were conducted in both groups before and 6 months after the
intervention. The data analysis revealed the improvement of urinary continence following
training in both groups. Only the patients in group two who received biofeedback training
showed a significant decrease in postvoiding residual urine. The authors concluded that their
results show that both PCET and biofeedback training modulated episodic Ul and urinary
tract infection and recommended follow up studies to identify the optimal training parame-
ters, treatment frequency, and duration.

In 2012, Kari Be analyzed the results of RCT published in English language in the Cochrane
reviews. The study reviewed investigated the effectiveness of using PCET to treat stress Ul,
pelvic organ prolapses, and sexual dysfunction [23]. The author reported Level 1 evidence that
PCET is useful in the treatment of stress Ul with short-term cure rates between 35 and 80%.
Five RCT showed a significant effect of PCET on either pelvic organ prolapse stage, symptoms
or PC muscle morphology. The authors found that supervised and more intensive training is
more effective than unsupervised training and no adverse effects were reported. None of the
RCT addressed the impact of PCET on sexual dysfunction. Based on the findings in the study,
the author recommended that PCET should be the first option treatment to manage stress Ul
and pelvic organ prolapse. The authors cautioned that PCET needs proper instruction and
close follow-up for the intervention to be effective.

Using a double-blind, placebo-controlled, randomized design, Terlikowski et al. compared the
efficacy of PHT (electrical stimulation and EMG biofeedback) in the treatment of urodynamic
stress Ul in premenopausal women [24]. The investigators allocated 102 women with stress Ul
into two groups. Group one (n = 68) received the PHT treatment (n = 68), and group two received
a sham or placebo (n = 34) treatment. Both groups had their treatment administered two times
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per day for 8 weeks. Urinary leakage measured by the standard pad test, voiding diary,
urodynamic analysis, and the Incontinence Quality of Life Questionnaire were monitored at
three-time frames; before treatment (at baseline), after the intervention (at 8th week) and at 16th
weeks follow-up. At the end of the 8th week, the mean urinary leakage was significantly
(p <.0.001) lower in group one (PHT) than the placebo group (19.5 & 13.6 vs. 39.8 £ 28.5). The
mean urinary leakage was significantly (p <.0.001) reduced in group one (PHT) compared to the
placebo group at the end of 8th and 16th weeks (8.2 £+ 14.8 vs. 14.6 & 189 and 6.1 £ 11.4 vs.
18.2 £ 20.8), respectively. Similarly, there was a statistically significant (p <.0.001) improvement
in muscle strength, as measured by the Oxford scale, in group one (PHT) compared to the
placebo group after 8 and 16 weeks (4.2 vs. 2.6 and 4.1 vs. 2.7), respectively. The urodynamic
data for the two groups were not statistically different (p >.0.05) at baseline and after treatment.
The mean Incontinence Quality of Life Questionnaire score at the end of 8th week, for group one
(PHT) compared to the placebo group, was 78.2 & 17.9 vs. 55.9 + 14.2 (p < .0.004), respectively,
and at the end of the 16th week was 80.8 + 24.1 vs. 50.6 &+ 14.9 (p < .0.001), respectively. The
authors concluded that the combination of electrical stimulation and EMG biofeedback modali-
ties is efficacious in the treatment of premenopausal women'’s stress UL

A meta-analysis by Park et al. evaluated published RCT of low-risk obstetric women who
received PCET during pregnancy and after delivery to determine whether the training could
prevent urinary and fecal incontinence [25]. The authors analyzed articles with high method-
ological quality published between 1966 and 2012 in the major electronic databases that met
the study criteria (n = 14). The meta-analysis of the 14 investigations reviewed included 6454
women, and the result revealed that PCET significantly reduced the development of urinary
and fecal incontinence from pregnancy to postpartum.

In 2015, Homsi et al. reviewed the literature on the effects of PEM training on women sexual
function using the six major electronic databases for RCT published between 1997 and 2014
[26]. Eight of the RCT met the study criteria, and 1341 women were included in the review. The
studies methodological scores range between four and seven and most of them reported a
significant improvement in sexual function score after PCET between control and intervention
groups. Most of the investigations reviewed found an increase of at least one sexual variable
among women with pelvic floor dysfunction, and one study found an improvement in sexual
function in women with postpartum selected independently of their continence status.

In a quasi-experimental cohort study, Adams et al. investigated the effectiveness of PCET as
primary treatment of women urinary urgency and frequency symptoms [27]. The women
(n = 36 out of 57) who met the study inclusion criteria completed 10 weeks of PCET once or
twice per week for 10 weeks and symptom assessed by a Pelvic Floor Distress Inventory and
Global Patient Impression of Improvement survey, voiding diaries, and subjective measures.
At baseline, the women median Pelvic Floor Distress Inventory score was 79.2 (IQR, 53.1-
122.9), and decreased to 50.0 (IQR, 25.0-88.5; p < 0.001) following PCET; both the urinary and
prolapse symptom subscale score on the Pelvic Floor Distress Inventory decreased signifi-
cantly (from a median of 10.0 voids per day to 8.0 (p < 0.001). About 63% of the women
reported that they were “much better” or “very much better” on the Patient Global Impression
of Improvement survey. The authors concluded that PCET supplemented with myofascial
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release techniques improves urinary symptoms in the absence of medications and more inva-
sive therapies. The high dropout rates suggest that motivation and logistic factors are needed
to ensure the utilization and success of PCET.

A RCT by Castellani et al. compared the relative effectiveness of the combination of PHT (PCET,
electrical stimulation, and EMG biofeedback) with medication (intravaginal estriol) to treat the
stress Ul of postmenopausal women [28]. Sixty-two women diagnosed with the disorder were
allocated randomly into two groups. Group one received PHT, and group two received PHT in
addition to medication (1 mg intravaginal estriol) for 6 months. Baseline outcome measures were
taken at the beginning of the study and 6 months at the end of the study. Pelvic examination,
urodynamics, and 24-hour pad tests were also monitored. Urinary incontinence was assessed
using the Short Form of the International Consultation on Incontinence questionnaire, and the
women’s quality of life measured by the Short Form of the Incontinence Impact Questionnaire.
At the end of the study, three of the 62 women enrolled in the study dropped out. In Group one,
the mean urine leakage decreased from 42.3 & 20.2 g/die to 31.5 + 14.2 g/die. And in Group two,
the mean urine leakage also decreased from 48.3 + 19.8 g/die to 22.3 & 10.1 g/die. The symptoms
scores and incontinence status in Group two were significantly better than Group one. The
authors concluded that the combination of intravaginal estriol and PHT intervention is a safe
and efficient first-line treatment in postmenopausal women with stress Ul

In 2016, Garcia-Sanchez et al. analyzed published work on the effectiveness of PCET in the
management of Ul [29]. They reviewed the major electronic databases published in Spanish
and English over a 10-year period that met the study criteria. Overall, nine full articles and one
abstract were reviewed; three of the articles were on Ul in female athletes and six on Ul in
women in general. The nine studies reported an improvement in the disease. The authors
concluded that PCET is effective in the management of stress UI.

In a RCT, Liu et al. investigated the efficacy of different treatment methods on stress Ul among
perimenopausal women [30]. They allocated 72 menopausal women with stress Ul into three
groups with 24 women in each group. Group one received electrical stimulation treatment
combined with biofeedback. Group two received PCET and the women in group three did not
receive any treatment (control group). The outcome measures tracked at baseline and after 60-
days include clinical parameters of urination, PFM strengths, urine dynamics indexes and
Quality of Life Survey scores. Although the women in both groups showed statistically signif-
icant ((p < 0.01) improvement in their UI, PFM strength, leakage times, frequency of urination,
urine dynamics index and Quality of Life Survey scores (P < 0.05) after 60 days treatment, but
the women in group one showed the most significant improvement. The women in the control
group showed no significant difference (p > 0.05) between the baseline and the post-training
60-day time frame. The authors concluded that both electrical stimulation treatment combined
with biofeedback, and PCET could prevent stress Ul in perimenopausal women.

3.3. Sexual dysfunction

In 2010, Brotto et al. reviewed the literature over a 7 year period on women’s sexual dysfunc-
tions, their diagnostic issues, pathophysiology, assessment, and treatment [31]. They examined
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the primary research databases, conference proceedings, and lay articles in the press using the
keywords of hypoactive sexual desire disorder, female sexual arousal disorder, female orgasmic
disorder, and persistent genital arousal disorder. Following the review, the authors
recommended assessment of women'’s sexual dysfunctions using the biopsychosocial clinical
interview of the woman and partner (if possible); followed by a physical and psychophysiolog-
ical examination, patient self-report questionnaires to supplement the interview information and
laboratory investigations. At the time when the study was being implemented in the USA, some
promising drugs for treating women’s sexual dysfunction were undergoing clinical trials. Empir-
ical evidence demonstrating the efficacy of PHT and psychological therapies for women’s sexual
dysfunction is presently limited. Thus, there is the need for RCT to evaluate the effectiveness of
the different treatments recommended to treat women’s sexual dysfunction.

A quasi-experimental study by Juraskova et al. evaluated the acceptability, feasibility, and
efficacy of using olive oil, vaginal exercise, and moisturize (OVEM)—a polycarbophil-based
vaginal moisturizer—to treat sexual dysfunction associated with breast cancer treatment [32].
Twenty-five women with dyspareunia received PHT (PFM relaxation exercises) twice/day for
4 weeks to prevent/manage PFM overactivity. The women were also instructed to apply the
OVEM thrice per week to decrease vaginal dryness, use olive oil as a lubricant during sexual
intercourse, and complete a weekly compliance diary. During the study, dyspareunia, sexual
functioning, quality of life, distress, and PFM functioning were monitored. The outcome
measures were tracked at the beginning of the study and the end of the training (fourth week)
and at 12 and 26 weeks follow-ups. Each week during the study, the women completed a self-
report questionnaire, and the physical therapist recorded objective measures of PFM function-
ing. The study found significant improvement in dyspareunia, sexual function, and quality of
life of the women over time (p < 0.001) following the OVEM intervention. The PFM relaxation
training also improved dyspareunia, sexual function, and quality of life of the women
(p <0.001). The maximum improvements occurred at week 12 follow-up time frame. Most of
the women in the study rated PHT (92%), vaginal moisturizer (88%), and olive oil (73%) as
helpful and acceptable. Paradoxically, six of the women (11%) had vaginal stenosis during the
initial screening, which further confirms the underreporting of sexual problems following
breast cancer. The authors concluded that the novel OVEM intervention is acceptable, feasible
in a clinical setting and effective in improving dyspareunia and sexual function following
breast cancer.

In a systematic review, Seav et al. in 2015 compared the findings of RCT and observational
studies on the sexual functioning of women who survived breast cancer [33]. The authors
identified 1414 investigations, but only 34 of them met the defined study criteria that used
vaginal lubricants (moisturizers, estrogens, dehydroepiandrosterone, testosterone, vibrators,
dilators), systemic medications (androgens, anti-depressants, flibanserin, ospemifene), PHT
(physical activity, pelvic floor training), counseling and educational interventions on sexual
functioning of women with breast cancer. The findings revealed that vaginal moisturizers were
effective in improving vaginal dryness, dyspareunia, and sexual satisfaction; educational and
counseling interventions showed improvement in various aspects of sexual health. Physical
activity, transdermal testosterone or hot flash interventions did not consistently improve the
sexual health of the women.
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In 2016, Cohen et al., in a systematic review study, evaluated the effect of PCET in the
management of male sexual dysfunctions, including erectile dysfunction, ejaculatory/orgasmic
dysfunction, prostatitis and chronic pelvic pain syndrome [34]. The authors concluded that
PCET is of potential therapeutic benefit for men who suffer from these conditions.

3.4. Vestibulodynia and dyspareunia

In 2002, Bergeron et al. conducted a retrospective study on the effectiveness of PHT (in the
form of manual techniques such as stretching, electromyographic biofeedback, electrical stim-
ulation, and PCET home exercises) in improving sexual function and relieving painful inter-
course associated with vulvar vestibulitis [35]. Thirty-five women diagnosed with vulvar
vestibulitis who received PHT for an average of seven sessions were interviewed on the phone
to determine whether PHT or other subsequent treatments had any effect on their pain percep-
tion during intercourse and sexual functioning. The length of treatment follow up ranged from
2 to 44 months with a mean of 16 months. Following PHT intervention, 51% of the women in
the study showed complete or significant improvement; 20% of them experienced a moderate
increase, and 29% observed little to no improvement. The PHT intervention resulted in a
significant decrease in pain perception both during intercourse and gynecological examina-
tions; including a substantial increase in the frequency of sex and levels of sexual desire and
arousal. The women with favorable outcomes were significantly less educated than those with
unfavorable results. The overall findings revealed that dyspareunia associated with vulvar
vestibulitis could potentially be managed successfully by PHT.

A double-arm randomized placebo-controlled study by Murina et al. investigated the efficacy
of transcutaneous electrical nerve stimulation (TENS) in the treatment of vestibulodynia [36].
Forty women with vestibulodynia were randomly allocated into two groups—active TENS
group and sham (placebo) group and each group were treated twice a week for a total of 20
treatment sessions— the treatment with TENS or sham was delivered through a vaginal probe.
The outcome measures tracked at baseline, at the end of treatment and 3 months follow up
were visual analog scale, the short form of the McGill-Mailsack Pain Questionnaire, the Female
Sexual Function Index Questionnaire and the Marinoff Scale for dyspareunia. The baseline
visual analog scale and McGill-Melzack Pain Questionnaire scores (6.2 = 1.9 and 19.5 & 11.9)
significantly decreased (improved) in the TENS group (2.1 £ 2.7, p = 0.01) compared to the
placebo group (8.5 £ 10.7, p = 0.001), respectively. Similarly, the Marinoff dyspareunia scale
and the Female Sexual Function Index improved significantly. However, no improvement
occurred in the placebo group. The authors concluded that TENS is a simple, effective, safe
short-term (3 months) treatment for vestibulodynia.

A quasi-experimental study by Dionisi et al. evaluated the safety, tolerability, and efficacy of a
multimodal PHT intervention in the treatment of vulvar pain and vulvar discomfort in women
with vulvodynia [37]. One hundred and forty-five women diagnosed with vulvodynia were
treated weekly for a total of 10 sessions with EMG biofeedback, TENS, in association with
functional electrical stimulation using an intravaginal probe for the treatment, and home
program stretching exercise of the PFM. An improvement (decrease) in vulvar pain occurred
in 76% of the cases. The authors concluded that the relaxation of the PFM with biofeedback
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and electroanalgesia is safe and effective in modulating the vulvar pain and dyspareunia in
women with vulvodynia.

Another quasi-experimental study conducted by Dionisi and Senatori determined the safety
and effectiveness of using intravaginal electrodes TENS for the treatment of vulvar pain and
dyspareunia during the postpartum period following perineal trauma caused by episiotomy
[38]. Forty-five women with a diagnosis of postpartum dyspareunia from perineal trauma
after a vaginal delivery training on how to use the PFM. Also, they were educated on the role
of PFM in continuing dyspareunia. Subsequently, they received weekly intravaginal TENS
treatment in an outpatient clinic in addition to daily home program myofascial stretching and
PCET. Outcome measurements obtained before training (baseline), at the end of the 5th week
and 8 months post-training includes the cotton swab test, the Visual Analog Scale, the Marinoff
Dyspareunia Scale, and the Anovulvar Distance. The overwhelming majority (85%) of the
sample reported an improvement of dyspareunia after five sessions of TENS, and 95% of the
women had full remission of the symptoms. All the women were utterly pain-free 8 months
following the treatment. The authors concluded that intravaginally applied TENS and pelvic
floor relaxation exercises is safe and effective in the relief of vulvar pain and dyspareunia after
spontaneous delivery in women with postpartum perineal trauma due to episiorrhaphy.

In 2014, Salvatore et al. conducted a quasi-experimental study to evaluate the efficacy and
feasibility of treating vulvovaginal atrophy in postmenopausal women using a fractional
carbon dioxide laser therapy [39]. Fifty women (mean age = 59.6; SD = 5.8 years) diagnosed
with vulvovaginal atrophy symptoms and who are dissatisfied with previous local estrogen
therapies were treated with laser therapy for three sessions over 12 weeks. The women'’s
subjective pain was monitored using the visual analog scale and objectively using the Vaginal
Health Index Score inventory; quality of life measured with the SF-12 Standardized Question-
naire at baseline and 12 weeks later. Compared to the baseline measurements, the
vulvovaginal atrophy symptoms (vaginal dryness, vaginal burning, vaginal itching,
dyspareunia, dysuria), the Vaginal Health Index Score (mean = 13.1; SD = 2.5 at baseline vs.
mean = 23.1; SD = 1.9), the physical and mental scores and qualities of life of the women
following the laser treatment improved significantly (p < 0.001) at the end of the 12-weeks.
Eighty-four percent of the women were satisfied with the laser treatment. However, the
women reported minimal discomfort at the first fractional carbon dioxide laser application
due to the insertion and the movements of the probe. Subsequent treatment from the second
application in week four was straightforward to perform in all the women, and no other
untoward adverse event recorded during the study. The authors concluded that randomized
RCT are needed to confirm the long-term benefits of fractional carbon dioxide laser therapy on
vaginal morphology.

A quasi-experimental study by Davis et al. evaluated the changes in pain, depressive symp-
toms, and sexual outcomes in women with vestibulodynia following PHT (PFM relaxation
exercise, EMG biofeedback), sex/psychotherapy, and medical intervention and controls [40].
Two hundred and thirty-nine women with provoked vestibulodynia completed a question-
naire at baseline and 2 years follow up. The questionnaire subscales measured the visual
analog scale of genital pain, Global Measure of Sexual Satisfaction, Female Sexual Function
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Index, Beck Depression Inventory, Dyadic Adjustment Scale, and sexual intercourse attempts
over the past month. The results overall revealed significant improvement on pain ratings,
sexual satisfaction and function, and depressive symptoms 2 years post-test. Most of the
women received PHT, sex/psychotherapy, and medical treatment; 41% of them did not receive
any treatment but improved significantly on pain ratings. None of the single treatment types
provided better outcome on any of the outcome measures monitored except depressive symp-
toms on which women who had surgery were more likely to improve. This study did not
demonstrate the superiority of any one treatment over the other and the improvements in the
symptoms of vestibulodynia was attributed to natural progression.

A quasi-experimental study by Brotto et al. investigated the efficacy of a multimodal treatment
consisting of psychological skills training, PCET and medication management of provoked
vestibulodynia [41]. Women (n = 132) with provoked vestibulodynia received the hospital-
based treatment for 10-weeks. Of the 132 women, 116 (mean = 28; SD = 7.1 years) provided
complete data following the 10 weeks treatment, and 84 women had full data 3-4 months post-
test period. At baseline, 38% of the women avoided intimacy, 41% avoided sexual while 50%
choose to focus on their partner’s sexual arousal and satisfaction. Post-treatment, 54% of the
women reported significant improvements in dyspareunia with strong significant effects for
the reduction in dyspareunia, sex-related distress, increase sexual arousal and overall sexual
functioning (p < 0.001). Statistically significant improvements in sexual desire, lubrication,
orgasmic function, and sexual satisfaction were observed (p < 0.05). Two to three-months
post-treatment, all the improvements were still retained. The authors concluded that their
study provided strong evidence for the use of multidisciplinary approach in the management
of the dyspareunia and sexual dysfunctions experienced by women with provoked
vestibulodynia.

3.5. Post-partum depression and obesity prevention

In 2004, Dennis systematically reviewed the major electronic databases from 1966 to 2003 to
evaluate the treatment of postpartum depression by non-pharmacological methods [42].
Published studies (n = 21) on interpersonal psychotherapy, cognitive-behavioral therapy, peer
and partner support, nondirective counseling, relaxation/massage therapy, infant sleep inter-
ventions, infant-mother relationship therapy, and maternal exercise that met the set inclusion
criteria were analyzed. The author concluded that he could not ascertain the relative effective-
ness of most of the non-pharmacological treatments because of weak and disparate experi-
mental design issues.

Dinas et al. reviewed the publications that investigated the effects of aerobic exercise therapy
on acute and chronic depression [43]. The screening criteria used covered several topics such as
the “treatment of depression, the link between B-endorphin and exercise, the efficacy of
exercise and physical activity as treatments for depression, properties of exercise stimuli used
in intervention programs, as well as the efficacy of exercise and physical activity for treating
depression in diseased individuals.” The result of the analysis revealed that aerobic exercise
has salutary effects on depression symptoms; the effects are comparable to those obtained
using antidepressant treatments.
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A meta-analysis study by Josefsson et al. compared the relative effectiveness of aerobic exer-
cise with no intervention, placebo, and usual care conditions in reducing symptoms of depres-
sion among clinically defined adults with depression [44]. After reviewing the major electronic
databases, the authors identified 89 articles, but only 15 of them met the inclusion criteria, and
13 reported relevant information needed to calculate effect sizes. The main result showed a
significantly large overall effect that favored aerobic exercise intervention. The effect size was
even more significant when only designs that had used no intervention or placebo conditions
were analyzed. Nevertheless, the effect size was reduced to a moderate level when only the
research with high methodological quality were included in the analysis. The authors
recommended aerobic exercise therapy for patients with mild to moderate depression who
are motivated, and physically healthy to participate in such a program.

Kvam et al. conducted a meta-analysis of RCT published until November 2014 that examined
the effectiveness of aerobic exercise in the treatment of unipolar depression, both as an inde-
pendent and as a combination intervention to antidepressant medication [45]. A total of 23
articles with 977 participants, met the study criteria. The analyses revealed that aerobic exer-
cise had a moderate to a large significant effect on depression score compared to control
conditions (g = —0.68), but the change was small and not significant at follow-up (g = —0.22).
Compared to the control group, the aerobic exercise group had a large and significant effect
size (g = —1.24), and exercise training had a moderate and significant effect compared to usual
conventional care (g = —0.48). The impact of aerobic exercise was small and not significant
when compared to psychological treatment or antidepressant medication (g = —0.22 and
—0.08, respectively). When aerobic exercise was implemented as an adjunct to antidepressant
medication, they yielded a moderate effect (g = —0.50) that trended toward statistical signifi-
cance. The authors concluded that aerobic exercise is an effective treatment for the manage-
ment of depression, and it is as viable as an adjunct treatment in combination with
antidepressants.

A systematic review study by Saligheh et al. evaluated the effectiveness of aerobic exercise on
postnatal depression and weight loss. Following data searches of the six major electronic
databases, nine of the studies met the stated inclusion criteria [46]. The articles reviewed
implemented different exercise therapy modalities (commonly walking), and they incorpo-
rated different support strategies to enhance adherence. Two (22%) of the nine studies identi-
fied changes in both postnatal depression and weight loss outcomes with small effect sizes.
Four of the research (44%) reported a decrease in postnatal depression with variable effect
sizes, while three of them (33%) reported no effect. The exercise therapy most likely to reduce
postnatal depression and weight loss are those that employ one on one weekly supervision at
moderate intensity level and adhered to specific intervention guidelines for over 12 weeks and
supplemented by psychosocial strategies such as educational information, advice on exercise
therapy, and counseling.

Wau et al. analyzed the English language publications that investigated the effects of physical
activity on depressive symptoms in Parkinson disease in the major electronic databases from
January 2006 to June 2017 [47]. The authors analyzed 11 of the 769 abstracts that met the
eligibility screening criteria and awarded better quality scores ranging from 3 to 8 by the raters.
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The research included 342 patients that underwent 17 different kinds of physical activity
programs. The results revealed that aerobic exercise training significantly improved the cumu-
lative Parkinson’s Disease Rating, Beck Depression Inventory, and the Quality of Life subscale
scores. Qigong exercise improved the overall Unified Parkinson’s Disease Rating Scale score
and decreased incidences of multiple non-motor symptoms and depression. Tai Chi exercises
enhanced the postural stability and Quality of Life of the patients.

In 2017, Soucy et al. conducted a RCT to determine the effectiveness of behavioral and aerobic
exercise interventions for treating depression [48]. Fifty-nine women with a diagnosis of mild-
to-moderate symptoms of depression were assigned randomly to either a behavioral therapy
(n = 20), aerobic exercise (n = 19) or a wait-listed control group (n = 20). At pretest, mid-test,
immediate post-intervention, and at two-month follow-up time frames, all the women
recorded their symptoms. The results revealed that both behavioral and aerobic exercise
interventions were significantly more effective in reducing depressive symptoms compared to
the control group. The aerobic exercise therapy program significantly involved less treatment
time compared to the behavioral therapy program (half the amount of time). The authors
concluded that both physical activity at the low-intensity level and behavioral therapy effec-
tively reduce depressive symptoms.

3.6. Survivors of breast cancer in cancer rehabilitation

A systematic review by Juvet et al. evaluated the efficacy of single treatments and the combina-
tion of therapies (e.g., rehabilitation programs) on the physical performance and psychological
well-being of women following breast cancer treatment [49]. A total of 46 RCT of moderate or
high quality were reviewed; seven of the articles were on PHT, 11 examined different types of
physical activity, 18 assessed different psychosocial interventions, two of the research were on
nutrition, five examined complementary interventions, and three were on a complex rehabilita-
tion program. The research on physical activity showed improved quality of life and decrease
fatigue. Three of the investigation revealed that early physical activity was not associated with
aggravated lymphedema. Four of the studies showed that cognitive behavior therapy interven-
tion also improved overall quality of life. Based on the findings, the combination of therapies
effect cannot be delineated clearly. The authors concluded that there is limited documentation in
favor of the efficacy of different rehabilitation interventions for women with breast cancer.

A study by Cox et al. investigated the temporal relationships between several social-cognitive
theory constructs and aerobic exercise (physical activity) among women with endometrial
cancer receiving aerobic exercise training at four different time frames (T1-T4) [50]. The
sedentary women (n = 98) who were at least 6 months posttreatment after endometrial cancer
underwent physical activity intervention. The findings revealed that physiological somatic
sensations at T2 decreased, self-efficacy at T3 increased, which led to an increase in physical
activity at the T4 time frame. The authors posited that self-efficacy is a significant mediator
between physiological somatic sensations and physical activity. They concluded that physio-
logical somatic sensations are an important construct that can be used to promote increased
physical activity; self-efficacy mediates the relationship between physiological somatic sensa-
tions and physical activity, but the timing of the relationship warrants follow-up investigation.
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3.7. Infertility due to adhesive disease

A quasi-experimental (retrospective) study by Rice et al. investigated the effectiveness of
manual PHT in the management of infertile women with an underlying adhesive disease [51].
The study reviewed the records of 1392 women with diagnoses of infertility, including
occluded fallopian tubes, hormonal dysfunction, endometriosis, and those undergoing
in vitro fertilization treated at a private PHT practice. All the women had whole-body,
patient-centered treatments using manual PHT that focused on restoring mobility and motility
to structures affecting reproductive function. Study outcomes measured tubal patency, hor-
mone levels, and pregnancy. The findings revealed a 61% rate of clearing occluded fallopian
tubes and a 57% rate of pregnancy. The women with endometriosis had a 43% pregnancy rate.
Among women with hormonal dysfunction, the success rate was 49% for lowering elevated
levels of follicle stimulating hormone, with a 39% pregnancy rate; and 54% of the women with
polycystic ovarian syndrome became pregnant. A 57% pregnancy rate occurred among
women who underwent in vitro fertilization after the manual PHT. The authors concluded
that manual therapy is an “effective, conservative treatment for women diagnosed as infertile
due to mechanical causes, independent of the specific etiology.”

Another quasi-experimental (retrospective) study by Okhowat et al. assessed the effectiveness
of a deep relaxation massage therapy on invitro fertilization cryo-cycles [52]. Women (n = 267)
who received vitrified and warmed blastocysts transfer before embryo transfer participated in
the study. The intervention group received a 30-min deep relaxation massage with an oscillat-
ing (vibrating) device applied before embryo transfer while the control group did not. The
women in the massage therapy group significantly had higher pregnancy rates (58.9% vs.
41.7%, p < .05), ongoing pregnancies (53.6% vs. 33.2%, p < .01), and birth rates (32.0% vs.
20.3%, p < .05) than those in the control group. The women'’s ages, hormonal substitution
protocols, endometrium structures and buildups, quality of transferred embryos, or quality of
transfers were not significantly different between the two groups, and no adverse effects
occurred in the women who received massage therapy. The authors concluded that receiving
massage therapy before blastocyst transfer in a cryo-cycle improves embryo implantation and
recommended the use of massage therapy as adjunctive treatment in assisted reproductive
technology. The positive outcome was attributed to the reduction in stress level and in uterine
contractions, and improvement of blood flow in the abdominal region.

3.8. Gestational diabetes mellitus prevention

A RCT by Harrison et al. investigated the optimal gestational weight gain during early
pregnancy among women with higher risk pregnancies [53]. The authors assigned pregnant
women (n = 228) at risk of developing gestational diabetes mellitus but receiving standard
maternal care to a control (written health information only) or an aerobic exercise program. At
12-15 and 26-28-weeks’ gestation period, the women’s anthropometric (weight and height),
physical activity level (pedometer and International Physical Activity Questionnaire score),
risk perception and gestational diabetes mellitus status were monitored. The age and body
mass index of the control and intervention groups were similar. At 28 weeks, the gestational
weight gain for the control and intervention groups (6.9 & 3.3 vs. 6.0 & 2.8 kg) was significantly
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(p <0.05) different. When the baseline body mass index was stratified, the overweight women
in the control group significantly (p < 0.05) gained more weight than the overweight women in
the intervention group (7.8 & 3.4 vs. 6.0 & 2.2 kg); yet in women who are obese, the gestational
weight gain was similar in both the control and intervention groups. The physical activity
levels declined by the 28 weeks gestation (p < 0.01); while the intervention group maintained a
20% higher step count (p < 0.05) when compared to the control group (5203 £ 3368 vs.
4140 £ 2420 steps/day). Overall, the gestational diabetes mellitus prevalence rate was 22.8%,
with a trend toward fewer cases in the intervention group (p > .05). The authors concluded that
a low-intensity aerobic exercise program combined with antenatal care promotes healthy
gestational weight gain and modulates physical activity decline during early pregnancy. Effi-
cacy in limiting weight gain was highest among women who are overweight and in high-risk
women who are ethnically diverse.

A recent RCT by Wang et al. investigated the effects of aerobic exercise on the incidence of
gestational diabetes mellitus among pregnant women who are overweight or obese [54].
Singleton women (n = 300) at 10 weeks’ gestational age with a pre-pregnancy body mass index
of 26.8 + 2.75 kg/m® were assigned randomly to either aerobic exercise or a control group. The
women in the exercise group (n = 150) were trained on a cycling ergometer three times per
week (at least 30 min/session with a rating of perceived exertion intensity between 12 and 14),
while the women in the control group (n = 150) continued their routine daily activities until
37 weeks of gestation. The women in both groups had standard prenatal care. The women in
the exercise group had a significantly lower incidence of gestational diabetes mellitus (22% vs.
41%; p < .001), fewer gestational weight gain by 25 gestational weeks (4.1 &+ 3.0 vs.
5.9 &+ 2.58 kg; p <.001) and at the end of pregnancy (8.4 & 3.65 vs. 10.5 £ 3.33 kg; p <.001),
and reduced insulin resistance levels (2.9 & 1.27 vs. 3.4 & 2.00; p <.05) at 25 gestational weeks.
The aerobic exercise program did not increase the risk of preterm birth nor reduced the mean
gestational age at birth.

3.9. Mastectomy complications: lymphedema, pain, and dermatologic adverse events

A RCT by Schmidt et al. investigated the safety and effectiveness of arm crank ergometry in
women with lymphedema after axillary lymph node dissection [55]. The women were trained
for 12 weeks on the arm crank ergometer twice weekly, and their bioelectrical impedance, arm
circumference, muscular strength, quality of life and fatigue were measured and compared
with women who received the usual care. The lean body mass and skeletal muscle mass
increased and the body fat decreased significantly in the women who trained on the arm crank
ergometer. In both groups, the armpit circumference increased substantially during the train-
ing period; the increase was higher in the usual care group than the arm crank ergometer
group. Similarly, the circumferential measurements obtained in the other regions of the arm
decreased significantly in both groups. In both groups, the muscular strength of the upper
extremity increased dramatically, with a higher gain obtained in the arm crank ergometer
group. The physical functioning, general fatigue and physical fatigue of the women in the
arm crank ergometer group improved significantly. In both groups, the investigators found a
trend toward improvement in the quality of life, but the gain is not statistically significant.
Based on the results, the authors recommended arm crank ergometer training for women with
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breast cancer following axillary lymph node dissection with the therapeutic goal to improve
upper extremity muscle strength, quality of life and reduced arm symptoms.

In 2018, Lee evaluated the effect of Scrambler Therapy (an electrotherapy device use for pain
modulation) on the symptoms experienced following breast cancer surgery [56]. A 39-year-old
woman after mastectomy had pain and lymphedema of the right upper extremity. She was treated
with scrambler therapy for 45 min once a day for 10 days. After 10 sessions of the treatment, the
patient pain perception reduced by 6 points on a visual analog pain scale. The patient arm
circumference and bioimpedance measurements remained unchanged after 10 treatment sessions.
The author concluded that Scrambler Therapy “reduced pain without increased lymphedema.”

A quasi-experimental study by Zasadzka et al. in 2018 compared the relative effectiveness of
multi-layer compression bandaging and complex decongestive therapy in the treatment of
lymphedema [57]. Elderly patients (85 women and 18 men) over 60 years of age with unilateral
lower limb lymphedema were recruited and allocated into two groups and treated with
complex decongestive therapy (n = 50) and multi-layer compression bandaging (n = 53). The
patients” body mass index, and the circumference of the edematous extremities were measured
pre-and post-treatment. After 15 treatment sessions, both groups showed a reduction in swell-
ing with a similar decrease in limb volume and circumference, but the multi-layer compression
bandaging demonstrated higher efficacy in reducing the limb circumference. The findings in
this study suggests that compression bandaging is a treatment of choice in low technology
clinical environment because of its low cost and accessibility.

Another quasi-experimental study by Dalenc et al. investigated the effectiveness of hydrother-
apy in the management of persistent/long-lasting dermatologic adverse events associated with
post-treatment adjuvant therapy and its impact on the quality of life of women with breast
cancer [58]. Women with breast cancer but in complete remission after combined standardized
(neo) adjuvant chemo, surgical and radiotherapies were assigned into two groups 1-5 weeks
post-radiotherapy. The women in the control group (n = 33) received best supportive care
while those in the treatment group (n = 35) received three-weeks of hydrotherapy. The
women’s quality of life, clinical grading of dermatologic adverse events, cancer-related quality
of life, dermatologic quality of life and general psychological well-being were monitored. In
both groups, significant dermatologic adverse events occurred at the beginning, but the
women quality of life (breast, p <.0001), systemic therapy side effects (p <.01), arm symptoms
(p < .01), body image (p < .05), dermatologic adverse events grading, dermatologic quality of
life (p <.001) and psychological well-being (p <.01) showed significantly greater improvement
in the treatment group when compared to the control group. Xerosis (88% of the women at the
beginning) completely healed in all the women in the hydrotherapy treatment group. The
authors concluded that specific hydrotherapy is an effective supportive care indicated in the
management of dermatologic adverse events occurring after early breast cancer therapies.

A systematic review study by Yeung and Semciw evaluated the benefits of hydro (aquatic) therapy
in the management of lymphedema by reviewing five electronic databases for RCT which com-
pared aquatic therapy with other lymphedema interventions [59]. In all, six studies met the study
criteria; four of them were of moderate quality (average PEDro score 6.5/10) and two of the
investigation provided data for inclusion in the meta-analysis. The result revealed there were no
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significant short-term differences in lymphedema status (measured by lymphedema relative vol-
ume) between the women who completed aqua lymphatic therapy compared to land-based stan-
dard care (standardized mean difference: 0.14; 95% CI: —0.37 to 0.64, 12 = 0%, p >.59). The authors
found low-quality evidence of no significant difference in upper limb physical function (land-based
standard care —0.27, 95% CI: —0.78 to 0.23, 12 = 0%, p > .29) between the aqua-lymphatic therapy
and standard care. No adverse events were reported in both groups. The authors concluded that
aqua lymphatic therapy is not significantly better than standard land-based care in the treatment of
the swelling and physical function statuses of women with upper limb lymphedema. To facilitate
adherence to treatment, patient preference should guide the choice of treatment.

A recent quasi-experimental study by Duyur et al. compared the long-term effectiveness of
complex decongestive therapy used in the treatment of lymphedema [60]. Women with unilat-
eral breast cancer-related lymphedema, (29 women in group one was obese, and 30 women in
group two had normal weight or overweight) received manual lymphatic drainage, intermittent
pneumatic compression pump, multilayer compression bandaging, lymphedema exercises, and
skin care for 1 hour a day, 5 days a week for 3 weeks. The women limb volume was measured
before, after and 1 year following complex decongestive therapy. The initial lymphedema vol-
ume was 866.3 £ 389.3 mL for the women in group one and 661.8 £ 470.6 mL for the women in
group two (p <0.05). The lymphedema severity percentage of the excess volume was 33.4 & 15.7
for the women in group one and 31.9 + 19.6 for the women in group two; which was moderate
lymphedema. After 15 sessions of therapy, the lymphedema volume of the women in group one
decreased to 771.5 + 389.1 mL (p < 0.05), and those in group two also decreased to
4684 + 417.4 mL (p < 0.0001). Similarly, the percentage of the excess volume of the women in
and in group one decreased to 28.5 £ 16.8 (p < 0.01), and those in group two declined to
22.1 £16.9 (p <0.0001). One-year post-intervention, the volume of the extremities for the women
in group one attained the baseline values, but the women in group two maintain the post-
treatment volumes of their extremity values. Obesity is a factor known to modulate the efficacy
of complex decongestive therapy. Thus, the primary goal in the treatment of breast cancer-
related lymphedema is to begin treatment early before the fat accumulation and fibrosis.

Another recent meta-analyses study by Panchik et al. examined the available published
research on the effectiveness of aerobic exercise to treat women with, or at risk for breast
cancer-related lymphedema [61]. The relevant published articles (n = 807) were retrieved from
the major electronic databases, but only 26 of them met the study criteria. The results revealed
that conventional aerobic, stretching and resistance exercises, including unconventional exer-
cise approaches such as Yoga, Qigong, and Pilates are safe and effective in the management of
the symptoms of the women at risk for and those with breast cancer-related lymphedema. The
different forms of exercise improved the women quality of life, body mass index, muscle
strength, and mental health and the pain and lymphatic swelling decreased.

4. Discussion

This article provided a comprehensive up to date summary of the outcome research that
evaluated the efficacy of PHT in the management of reproductive disorders. The findings
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summarized in Table 1 revealed that men’s reproductive disorders are understudied. The
overwhelming majority (91%) of the 47 studies reviewed found the various PHT modalities
evaluated to be effective. The credibility of the articles ranges from “poor” (for the case
reports) to “strong” (for the meta-analysis). The PCET used to treat urinary and fecal (anal)
incontinence, was the most studied PHT modality, followed by aerobic exercise used for post-
partum depression, obesity, gestational diabetes mellitus, and mastectomy complication pre-
vention (Table 1). The relevant investigation reviewed indicated that proper instruction and
close supervision of the patient are critical for PCET to be effective. At least three systematic
reviews and one meta-analysis found PCET to be safe and effective in the management of
urinary and fecal incontinence. Based on this strong supporting evidence, it is justified to
recommend PCET as a first-line treatment option for the management of voiding dysfunction.

Several of the research reviewed concluded that proper instruction and close supervision of
PCET is crucial for the treatment to be effective. The patients who did not improve tend to
perform PCET at a low intensity based on their strength. On the other extreme, patients who
over work the PFM cause muscle soreness and a decrease in muscle performance; the inconti-
nence may worsen. Therefore, learning the correct protocol [62] is essential for PCET to be
effective. Also, the physical therapist must educate the patient to avoid food and drinks that
may irritate the bladder and how to change the behaviors that make the symptoms worse by
decreasing urinary urge and frequency.

Although the preponderance of the evidence suggests that PCET and transvaginal electrical
stimulation are useful for reducing the symptoms of stress Ul, data on other adjunctive
techniques (EMG biofeedback, and vaginal cones) are less consistent. There is presently no
reliable evidence to support the use of PCET in combination with EMG biofeedback and
electrical stimulation to relieve overactive bladder and improve sexual function in men. The
conflicting findings are because many of the existing studies are heterogeneous in methodol-
ogy and time frame follow-up; thus, making firm conclusion difficult.

The outcomes of the RCT that evaluated the efficacy of electrical stimulation in the manage-
ment of stress Ul are conflicting [24, 28, 30]. Consequently, there is a need to conduct more RCT
with adequate sample sizes and the use of sensitive, reproducible, and valid outcome mea-
sures. The optimum electrical parameters for pelvic floor stimulation have not been established
currently, but the frequency range of 20-50 Hz is often recommended. The protocol is to apply
the electrical stimulation transvaginal for 15-30 min every day at the maximum tolerable
intensity for between 4 and 12 weeks.

The use of aerobic exercise to treat post-partum depression, followed by obesity, is the most
studied PHT modality followed by the prevention of gestational diabetes mellitus; breast
cancer survivor’s mental health, sexual dysfunction, lymphedema, pain, and dermatologic
adverse events. The evidence for using aerobic exercise as adjunctive treatment in the manage-
ment of post-partum depression, obesity, and prevention of gestational diabetes is equally
convincing; based on positive outcomes from four systematic reviews, two meta-analyses and
one RCT [42-47]. The evidence for the use of PHT in the treatment of the mental health, sexual
dysfunction, lymphedema, pain, and dermatologic adverse events among women with breast
cancer warrant additional systematic reviews and meta-analysis investigations.
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Three published RCT [17-19] revealed that when SWD is combined with medication (analgesics
and antibiotics), the bimodal treatment is beneficial in the management of PID. Additional RCT
with larger sample size, followed by systematic review and meta-analysis investigations are
needed to bolster the recommendation to use SWD to treat chronic PID and salpingo-oophoritis.

Two quasi-experimental design study revealed that manual and massage physical modalities
hold promise in the management of infertility due to adhesive disease [50, 51]. RCT are
urgently needed to substantiate the recommendation. Similarly, the findings from a quasi-
experimental study that used fractional carbon dioxide laser therapy to treat vulvovaginal
atrophy in postmenopausal women showed great promise [37]. This potentially useful modal-
ity is presently underutilized in the treatment of reproductive disorders. Also, the use of TENS
in the management of vestibulodynia lacks strong empirical evidence [34-36]. Follow up, RCT
are needed to confirm the long-term benefits of fractional carbon dioxide laser therapy on
vaginal morphology and for using TENS to treat vulvar pain.

5. Conclusion

This article provided a comprehensive up-to-date review of the relevant studies that evaluated
the efficacy of PHT interventions in the management of reproductive disorders. The prepon-
derance of the published research found PHT modalities to be effective. The findings suggest
that systematic reviews and meta-analyses are needed to bolster the rationale for
recommending PHT in the management of chronic pelvic diseases in women. Similarly, RCT
are required to support the recommendation for using PCET, electric stimulation, and EMG
biofeedback to treat ejaculatory/orgasmic dysfunction, prostatitis, Ul and erectile dysfunction
in men. The information in this chapter will be useful to physical therapist students, frontline
clinicians, and healthcare policymakers.
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Abstract

The exposure of individuals to mechanical vibrations produced in vibrating platform
can generate whole-body vibration (WBV) exercise. This modality of exercise represents
a less tiring alternative to sport, which could benefit mechanical human behavior and
prevent sports injuries and musculoskeletal disorders. The specificity of the human body,
articulated and connected segments, requires to take into account the biomechanical
parameters in protocols involving WBV exercise. Moreover, work time, rest time between
the bouts in each session number of sessions, extension of the intervention, and week
periodicity must be also well established. Responses to WBV exercise are observed at
musculoskeletal, neurological, endocrinological and vascular levels. With respect to the
musculoskeletal level, it is verified increase of muscle strength, endurance and power,
improvement of the balance, increase of bone mineral density and the decrease of risk of
falls. There are several tools to evaluate the responses of the body to WBV exercise. The
aim of this chapter is to highlight the relevance of the WBV exercise as an intervention of
the physical therapy for the better human optimization.

Keywords: whole-body vibration, human movement analysis, musculoskeletal
performance, vibrating platform, clinical effects, biomechanics

1. Introduction

The exposure of individuals to mechanical vibrations produced in vibrating platform can gen-
erate whole-body vibration (WBV) exercise when the referred physical agent is transmitted
to body of a person that is in contact with the platform. This modality of exercise represents
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a less tiring alternative to sport, that could benefit mechanical human behavior and prevent
sports injuries, and musculoskeletal disorders [1, 2].

Although, the intervention with WBYV is not recent, the way as this procedure is used nowa-
days, it started in the Soviet Union in the last century to the rehabilitation of astronauts after
traveling outside the Earth. In comparison with the astronauts that remained in the Earth,
the microgravity or zero gravity has contributed to lead to lack of muscle and bone mass [3].
Unfortunately some conditions in the daily life mimics the microgravity or zero gravity, such
as, individuals that (i) have a disease and must be on bed for long time, or (ii) are sedentary
and are not stimulated to perform a minimal of physical activity, or (iii) are immobilized due
to an accident or (iv) have disability due to muscular or neurological conditions and must be
on wheelchair or on bed. Considering these conditions, there is a common finding, that is, the
lack of mechanical vibration added to the body. In general, in several simple daily activities,
such as walking or running, or practicing sports, as biking, or driving a car, or being in a
public transportation, mechanical vibrations are added to the body [1-4].

Naturally, depending on the occupational activity, the individual is also exposed to mechani-
cal vibrations, as the driver of a bus or a truck or an agricultural tractor, the operator of a
stone crusher or a drilling machine. These conditions must be also better studied because
they might be dangerous to the professionals. Although, these considerations are relevant and
must be pointed out due to elevate intensity of the mechanical vibration that can be transmit-
ted to the body of the individual [1, 5, 6].

And, when people cannot do or are not stimulated to perform an activity to add mechanical
vibrations to body through a physical activity? There is a simple answer. The individual can
be exposed to mechanical vibrations produced in a vibrating platform.

2. Vibrating platform

Considering the movement of the base of the vibrating platform, there are three main types
available commercially, as it is illustrated in Figure 1. Figure 1A represents the vertical vibrat-
ing platform, that can be synchronous or triplanar. In the synchronous, the base oscillating
uniformly up and down, while in the triplanar, the vibration is applied in anterior/posterior,
side to side, and up and down directions. Figure 1B shows the side-alternating platform, in
which there is reciprocating vertical displacements on the left and right side in relation to a
fulcrum, like to a teeterboard. Figure 1C indicates the horizontal vibrating platform, in which
the base presents movement anterior/posterior alternatively [1, 4, 7].

The mechanical vibration produced in the vibrating platform presents an oscillatory, sinusoi-
dal and deterministic displacement in relation to an equilibrium position. These characteris-
tics are highly desirable and permit the use of this vibratory stimulus in controlled conditions
in interventions in health and fitness areas. Nevertheless, the specificity of the human body,
articulated and connected segments, requires us to take into account the comportment of bio-
mechanical parameters in protocols involving WBV exercise such as frequency, peak-to-peak
displacement and peak acceleration [1, 8].



Whole-Body Vibration Exercise as an Intervention to Improve Musculoskeletal Performance
http://dx.doi.org/10.5772/intechopen.89372

Figure 1. The main available types of vibrating platform: (A) represents the vertical, (B) side alternating and (C)
horizontal vibrating platform. The red arrows indicate the movement of the base.

3. Biomechanical parameters of mechanical vibrations

Figure 2 illustrates the displacement of a sinusoidal mechanical vibration and some biome-
chanical parameters are indicated. It is possible to verify the displacement along of the time in
an equilibrium position. The displacement between two successive points, as indicated by the
arrows, is defined as the cycle, which is dimensionless parameter. The number of the cycles
in the unit of time is the frequency. If it is considered 1 second, the frequency will express
in Hertz (Hz) or s™'. It is possible to verify that the displacement of the mechanical vibration
has a highest and a lowest peak. This parameter is the peak-to-peak displacement that is
measured, for example, in mm. In it, it is found the maximal rate of change in velocity during
a cycle. Moreover, it is used to characterize the intensity of the exposition of the magnitude
effect. In the highest peak, the highest acceleration, that is, the peak acceleration, measured
in m/s% or in number of the Earth acceleration (xg) is found. These biomechanical parameters
(frequency, peak-to-peak displacement and peak acceleration) are strongly relevant, due to,
an individual that is in a vibrating platform will be submitted to them [1, 8].

In Table 1, additional information about the biomechanical is indicated of a sinusoidal
mechanical vibration.

In addition, some studies with WBV exercise involve also combination intervention with other
types of exercises, as the maximal voluntary contraction (MVC). Moreover, the individual can
be standing in static position on performing dynamic exercises [9, 10].

Besides the biomechanical parameters, the work and rest time between the bouts in each
session, number of sessions, extension of the intervention, week periodicity must be
also well established. The biological responses to WBV exercise also depending on these
parameters [1, 2, 7].
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Figure 2. Illustration of a sinusoidal mechanical vibration (a) and articulated human movements (b).
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Table 1. Biomechanical parameters of a sinusoidal mechanical vibration.
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4. Biological responses and tools used to evaluate musculoskeletal
responses to the WBV

Responses to WBV exercise are observed at musculoskeletal, neurological, endocrinological
and vascular levels. In general, related to the musculoskeletal level, increase of muscle strength
and of the bone mineral density, endurance and power, improvement of the balance and the
decrease of risk of falls have been reported in trained and untrained individuals. These find-
ings can contribute to decrease the possibility of injury, as in the sports, in the improvement of
the fitness and on the management of various diseases. WBV exercise can produce beneficial
responses, including improvements in muscle strength in trained (athletes) and untrained
individuals and in patients with several clinical conditions, such as, chronic obstructive pul-
monary disease (COPD), Parkinson’s disease (PD), metabolic syndrome (MetS), fibromyalgia
(FM) and multiple sclerosis (MS) [11-15]. Moreover, improvements in the walking function,
the bone mineral density (BMD) in elderly, the low back pain (LBP), health-related quality of
life (QOL), fall risk, balance and gait have been described [1, 7, 16-20].

Considering the musculoskeletal responses to the WBV exercise, several tools have been used
in the evaluations, such as the flexibility, the level of pain, rating of perceived effort, recruit-
ment of muscle fibers using electromyography (EMG), infrared thermography (IRT), various
Questionnaires and scales and, the human movement analysis [12, 14, 18-21, 23, 24]. These
tools can be used by the physiotherapist. Some publications about the WBV exercise responses
in various populations and the tools utilized are presented in this chapter. Approaches in reha-
bilitation considering individuals with several diseases and approaches in healthy (trained
and untrained) related to the fitness and wellbeing are discussed.

4.1. Approaches of the whole-body vibration in rehabilitation

Abbeasi et al. [19], evaluated the WBV effects (6-week) training on the strength and endur-
ance of core muscles in MS individuals, that were divided in intervention (WBV-G) and no
intervention (control-G) groups. Sorensen, flexion, and side bridge endurance tests were used
to evaluate the endurance (core muscles), the strength with a dynamometer and the QOL
aspects with the quality of life-54 questionnaire (MSQOL-54). The strength, endurance (core
muscles) and the MSQOL-54 scores significantly improved in WBV group in comparison to
control-G. While the within-group comparison showed significant improvement in the WBV-
G, in the control-G, physical and mental components of MSQOL-54 impaired over the inves-
tigation. It was concluded that strength and endurance of core muscles as well as QOL of MS
patients can be positively influenced by a 6-week WBYV training.

Krause et al. [15], investigated if WBV might attenuate the processing functional and neu-
romuscular degeneration of postural control in MS individuals. Performance in postural
control was assessed before and after 6 weeks of a control group (CG) and a WBV interven-
tion period. The center of pressure displacement (COP), muscle activity and co-contraction
indices of muscles soleus (SOL), gastrocnemius medialis (GM), tibialis anterior (TA), biceps
(BF) and rectus femoris (RF) as well as SOL H/M-ratios were evaluated. In the CG, it was
verified that COP enhanced with reduced muscle activity in RF and diminished shank
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muscle co-contraction. No alterations were found in COP and neuromuscular control after
WBYV. However, over time, TA activity was diminished, with no changes in muscle activation
of SOL, GM and BF or H/M-ratios. It was concluded that in the CG, MS patients experienced
substantial deteriorations in postural control which have previously been associated with
greater postural instability. No further disease-associated deteriorations were observed fol-
lowing the intervention. Thus, WBV might alleviate neurodegeneration of postural control in
people with MS. Abbasi et al. [19] also pointed out that the WBV program was well-tolerated
by patients and no adverse event was observed.

Pin et al. [16], in a pilot study examined the feasibility and tolerance of WBV intervention
for children and adults with moderate severity of cerebral palsy (CP) being graded as levels
II or IV on the Gross Motor Function Classification Scale (GMFCS). Individuals received
WBYV intervention when standing still on the vibrating platform for three 3-min bouts of
vibration (20 Hz, 2 mm amplitude), 4 days/week for 4 weeks. It was carried out assessment at
baseline and completion of the intervention included the Gross Motor Function Measure-66
Item Set (GMFM-66 IS), 2-min walk test 2MWT), Timed Up and Go test (TUG) and Pediatric
Evaluation of Disability Inventory (PEDI). Fourteen participants (GMFCS level Il n =13, 92%)
completed the study. It was concluded that WBV training protocol was feasible, safe and well-
tolerated by the individuals with moderate severity of CP, justifying future investigations
with larger samples and more rigorous study design. It is also informed that, in this study, the
attendance rate was over 90% with no adverse events. All participants tolerated the protocol
which was satisfactorily delivered in a clinical setting.

Haas et al. [12] pointed out that is well known that applying vibrations to men influences
multiple physiological functions and analyzed post effects of WBV on motor symptoms in
PD. They were randomly subdivided into WBV-G and CG. Motor symptoms were assessed
by the UPDRS (Unified Parkinson’s Disease Rating Scale) motor score. The intervention was
with five series of WBV (60 seconds each). On average a significant improvement of 16.8%
in the UPDRS motor score was found in the WBV-G. Only marginal changes (p > 0.05) were
found in the CG. The cross-over procedure showed comparable treatment effects (14.7%
improvement after intervention). Considering different symptom clusters, only small changes
were observed in limb akinesia and cranial symptoms. Tremor (25%) and rigidity (24%)
scores were improved. It was concluded that, considering the structure of symptom changes,
it is unlikely that these findings are explainable on peripheral sensory level, exclusively. In
addition, considering the results of other investigations one can suppose about alterations in
activation of the supplementary motor area and in neurotransmitter functions.

Lee et al. [7] evaluated the effect of WBV in the horizontal direction on balance and gait abil-
ity in chronic stroke (CS) survivors, that were randomly allocated into two groups (WBV-G)
and CG. In the WBV-G, WBV training in the horizontal direction was conducted for 6 weeks,
and a conventional rehabilitation for 30 min, 3 days per week for a 6-week period, was con-
ducted in WBV-G and CG. Outcome variables included the static balance and gait ability
measured before training and after 6 weeks. On comparing the outcome variables before and
after training in the WBV-G, significant differences were observed in the cadence and single
support time of gait ability. However, there were no significant differences in other variables,
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including velocity, step length, stride length, and double support time. In addition, after
training, no significant differences in all variables were observed between the two groups.
The results suggest that WBV training in the horizontal direction has few positive effects on
balance and gait function in CS survivors.

Huang et al. [22] studied the influence of WBV intervention frequency, amplitude, and
body posture on lower limb muscle activation among people with CS. It was also evaluated
whether the EMG response to vibration stimulus differed between paretic and non-paretic
side and the relationship between muscle activation and WBV transmission. Individuals with
CS performed three different exercises on the WBV vertical vibrating platform with various
vibration conditions (frequency: 20, 30, 40 Hz; amplitude: 0.8, 1.5 mm), or without vibration.
Muscle activity in bilateral vastus medialis (VM), medial hamstrings (MH), TA, and GM was
measured by surface EMG. Tri-axial accelerometers were used to measure the acceleration
at the platform and bilateral hips and knees. Muscle activity was significantly greater in the
bilateral GM, TA, and MH, but not VM, compared with the same exercises without WBV. A
great augmentation of muscle activation was observed with WBV with higher amplitude
or higher frequency. Leg muscle activation was affected by the body posture. Considering
paretic and non-paretic sides, WBV-induced muscle activation was largely similar, except to
the TA. The lower WBV transmissibility (measured at the more proximal joints) was related
to greater WBV-induced leg muscle activation. It was concluded that adding WBV to exercise
significantly increased muscle activation in the GM, TA, and MH on both the paretic and
non-paretic sides of CS survivors, and the increase was dependent on the WBV amplitude,
frequency, and body posture.

Zheng et al. [18] verified effects of WBV exercise on lumbar proprioception in nonspecific low
back pain (LBP) patients that performed an exercise 3 times a week for a total of 12 weeks of
WBYV exercise. The lumbar proprioception was measured by joint position sense. Outcomes
were lumbar angle deviation and visual analogue scale (VAS) score. After the 12-week WBV
exercise, lumbar flexion angle deviation was reduced from 3.65 + 2.26° to 1.90 + 1.07, and
extension angle deviation was reduced from 3.06 + 1.85° to 1.61 + 0.75, significantly lower than
baseline. After participating in the 12-week WBYV exercise, a significant pain reduction was
observed. Men in the whole group indicated significantly lower angle deviations in flexion
and extension, whereas women indicated significantly lower flexion angle deviation, and no
significant difference was found in extension angle deviation. However, by subdividing the
entire group into poor and good proprioceptive groups, WBV exercise presented significant
enhancement of lumbar proprioceptive ability in the poor flexion proprioception subgroup,
poor extension proprioception subgroup, and good extension proprioception subgroup, but
not in the subgroup with good flexion proprioceptive ability. It was concluded that lumbar
flexion and extension proprioception as measured by joint position sense was significantly
enhanced and pain was significantly reduced after 12-week WBV exercise in nonspecific LBP
patients. However, the participants with good flexion proprioceptive ability had limited pro-
prioceptive enhancement.

Kim et al. [21] assessed the effect of a 12-week horizontal vibration exercise (HVE) in chronic
(LBP) patients as compared to vertical vibration exercise (VVE). Individuals were assigned
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to the HVE or VVE groups and they performed the intervention (according each group) for
30 min each day, three times a week, for 12 weeks. The level of pain (VAS) and the functional-
ity (Oswestry Disability Index —ODI) were evaluated. The lumbar muscle strength (isokinetic
dynamometer), transverse abdominis (TrA) and multifidus muscle thicknesses (ultrasonog-
raphy), and standing balance (balance parameters) were determined prior to treatment, 6 and
12 weeks after the first treatment, and 4 weeks after the end of treatment (that is, 16 weeks
after the first treatment). Significant improvements with time on VAS, OD], standing balance
score, lumbar flexor, and extensor muscle strength without any significant changes in TrA or
multifidus muscle thickness were found. No significant differences between HVE and VVE
groups according to time in any of the assessments were observed. It is concluded that HVE
is as effective as VVE in reducing pain, strengthening the lumbar muscle, and improving the
balance and functional abilities of chronic LBP patients. Vibrational exercise increases muscle
strength without inducing muscle hypertrophy. Moreover, it was pointed out no adverse
events during treatment in either group.

Wang et al. [25] studied effects of WBV exercise for pain intensity and functional disability in
individuals with non-specific chronic LBP in a single-blind randomized controlled trial that
were randomly allocated to either the intervention group or the CG. The intervention group
received WBV exercises and the CG general exercise protocol three times a week for 12 weeks.
The pain level (VAS) and functional disability (ODI) were measured. Lumbar joint position
sense, QOL (Short Form Health Survey 36) and overall treatment effect (Global Perceived
Effect—GPE) were also verified. After the interventions (12 weeks), compared with the CG,
the mean VAS and ODI scores significantly decreased by additional 1 point (95% confidence
interval (CI) = —1.22 to —0.78), 3.81 point (95% CI, —4.98, —2.63) based on adjusted analysis in
the intervention group (WBV exercise). The intervention group provided additional beneficial
effects for in terms of lumbar joint position sense, QOL, and GPE. It was concluded that WBV
exercise could provide more benefits than general exercise for relieving pain and improving
functional disability in patients with non-specific chronic LBP.

Tantawy et al. [26] investigated the effect of WBV exercise on stress urinary incontinence (SUI)
after prostate cancer surgery. Individuals with mild SUI after radical prostatectomy were
divided in Group 1, who performed pelvic floor muscle training (PFMT) and WBV exercise
with a frequency and amplitude of 20 Hz/2 mm for the first two sessions and 40 Hz/4 mm for the
rest of the intervention, and Group 2, who performed PFMT training alone. The interventions
were conducted three times per week for 4 weeks (both groups). Incontinence VAS (I-VAS)
score, International Consultation on Incontinence Questionnaire-Urinary Incontinence-Short
Form (ICIQ-UI-SF) score and 24-hour pad test result (24HPT). I-VAS score, ICIQ-UI-SF score
and 24HPT results showed significant within-group differences at each assessment (excep-
tion of the baseline and post-intervention I-VAS score in Group 2). Group 1 I-VAS score had
a median difference of 3.9 cm [95% CI —4.0 to —3.8] from baseline to first follow-up, and a
median difference of —2.0 cm (95% CI —2.2 to —1.8) at 4-week follow-up. After 4 weeks of
intervention and at follow-up for all measured parameters, comparisons between the groups
demonstrated significant differences favoring the Group 1. In conclusion, WBV exercise was
an effective modality for treating patients with SUI after prostatectomy.
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Sa-Caputo et al. [13] assessed effects of WBV exercise on functional parameters of MetS indi-
viduals. The biomechanical parameters of the mechanical vibration were frequency (from 5
up to 14 Hz) and the peak-to-peak displacements (from 2.5 up to 7.5 mm). In each session
the individuals performed 1 min-bout of working time with 1 min-bout of passive rest in
the peak-to-peak displacements for three-times. The WBV exercise protocol was applied
twice per week for 5 weeks. Anterior trunk flexion, gait speed, sit-to-stand test and handgrip
strength were investigated. Physiological parameters, as blood pressure and heart rate (HR)
were also determined. No significant changes were observed in physiological parameters
(arterial blood pressure and HR). Significant improvements were found in trunk flexion, gait
speed, sit-to-stand test and handgrip strength after the WBV exercise: It was concluded that
WBVE may induce biological responses that improve functional parameters in participants
with MetS without interfering in physiological parameters, comparing before and after a
5-week WBV exercise.

Rigamonti et al. [9] evaluated the exercise-induced responses in Growth hormone (GH) iso-
forms in obese subjects. The acute effects of WBV exercise or maximal voluntary contraction
(MVC) alone and the combination of MVC with WBV exercise (MVC + WBVE) on circulating
levels of 22 and 20 kDa-GH were evaluated. Considering the stimulation of 22 and 20 kDa-GH
secretion, it was found that MVC alone or combined with WBV exercise was significantly
effective, but WBV exercise alone was ineffective. Related to the 22 and 20 kDa-GH peaks, after
MVC + WBVE and MVC higher values were found in comparison with WBV exercise alone.
Moreover, only 22 kDa-GH peak was significantly higher after MVC + WBV than MVC. In
addition, the ratio of circulating levels of 22-20 kDa-GH was constant throughout the time
window of evaluation after exercise and similar among the three protocols of exercise. It is
suggested that the MVC, alone and in combination with WBV exercise stimulated 22 and
20 kDa-GH secretion in obese individuals. Since the ratio of 22-20 kDa-GH is constant after
exercise and independent from the interventions in normal-weight subjects; hyposomatotro-
pism (GH deficiency) in obesity does not seem to depend on an unbalance of circulating GH
isoforms.

Yang et al. [20] evaluated the effects of WBV exercise on reducing risk of slip-related falls in
obese individuals that were randomly assigned in vibration or placebo groups. They received
6-week vibration and placebo intervention on a side-alternating vibrating platform, respec-
tively. Before and after the intervention, isometric knee extensors strength capacity was mea-
sured. The individuals (both groups) were also exposed to a standardized slip induced by a
treadmill during gait prior to and following the intervention. Dynamic stability (DS) and fall
incidences responding to the slip were also evaluated. WBV exercise significantly augmented
the muscle strength and improved DS control at recovery touchdown after the slip occur-
rence. The improved DS could be associated with the enhanced trunk segment movement
control, which may be related to the strength increment caused by the WBV exercise. The
decrease of the fall rates from the pre-training slip to the post-training slip was greater among
the whole-body vibration group than the placebo group (45 vs. 25%). It was concluded that
vibration-based training could be a promising alternative or additional modality to active
exercise-based fall prevention programs for people with obesity.
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Pleguezuelos et al. [11] evaluated cardiac, metabolic, and ventilatory changes during the
WBYV exercise with three different frequencies in individuals with COPD in a prospective,
interventional trial. They completed three sessions of WBV exercise in a vertical platform
once a week using frequencies of 35, 25 Hz and no vibration in isometric squatting position.
Cardiac, metabolic, and ventilator parameters were monitored (ergospirometer) during the
sessions. Changes in oxygen pulse response (VO,/HR) at the used frequencies were the pri-
mary outcome. Compared to the reference of 35 Hz, VOZ/HR at no vibration was 10.7% lower.
No significant differences were observed on the comparison between the frequencies of 35
and 25 Hz. The median oxygen uptake (VO,) was significantly lower 9.43% (25 Hz) and 13.9%
(no vibration) in comparison to that was obtained at 35 Hz. The median expiratory volume
without vibration was 9.43% significantly lower than the VO, at the end of the assessment at
35 Hz vibration. It was concluded that vertical WBV exercise sessions show greater cardiac,
metabolic, and respiratory responses compared with the squat position. On comparing the
two frequencies used, it was observed that the frequency of 35 Hz provides higher cardiore-
spiratory adaptation.

Ribeiro et al. [14] characterized the intensity of the WBV stimulation in women diagnosed
with FM compared to a CG of healthy women (HW). It was investigated the effect of a
single session of WBV intervention on inflammatory responses and the levels of adipokines,
soluble tumor necrosis factor receptors (sSTNFrl, sTNFr2), and brain-derived neurotrophic
factor (BDNF) were determined. Oxygen consumption (VO,) was estimated (portable gas
analysis system), HR was measured (HR monitor), and perceived exertion (RPE) was evalu-
ated (Borg scale of perceived exertion). Acutely mild WBV increased VO, and HR similarly
in both groups. There was an interaction (disease versus vibration) in RPE, showing a sig-
nificant higher RPE in FM compared to HW at rest, which further increased in FM after
acute WBV, whereas it remained unchanged in HW. A significant interaction (disease vs.
vibration) on plasma levels of adiponectin, sSTNFR1, sTNFR2, leptin, resistin, and BDNF
was found. It was concluded that a single acute session of mild and short WBV can improve
the inflammatory status in FM individuals, reaching values close to those of HW at their
basal status. Probably, it is possible to speculate that neuroendocrine mechanism seems to
be an exercise-induced modulation towards greater adaptation to stress response in these
evaluated individuals.

Lai et al. [17] investigated the effect of high-frequency and high-magnitude WBV on the
BMD of the lumbar spine in postmenopausal women that were randomized in a WBV
group or a CG for a trial of 6 months. The WBV exercise group was exposed to 30 Hz
high-frequency and 3.2 g high-magnitude WBYV, in a full-standing posture for 5 min, three
times per week. The measurement of the lumbar BMD of the two groups before and after
the intervention was with dual-energy X-ray absorptiometry. The BMD of the WBV group
had significantly increased by 2.032%, while that of the CG had decreased by 0.046% 6
months later. The comparison between the CG and WBV exercise group revealed that the
BMD of the WBV exercise group increased significantly. It was concluded that 6 months of
high-frequency and high-magnitude WBV yielded significant benefits to the BMD of the
lumbar spine in postmenopausal women, and could therefore be provided as an alternative
exercise.
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4.2. Approaches of the whole-body vibration in fitness of trained and untrained
individuals

Chen et al. [27] evaluated how WBV exercise and their interactions influence core muscle
activity in healthy young adults. The activities of muscle multifidi (MM), rectus abdomi-
nis muscle (RM), erector spinae (ES), abdominis obliquus externus (AOE), and abdominis
obliquus internus (AOI) were measured through surface EMG while participants were per-
forming four different exercise forms under three WBV conditions in a vibrating platform
generating vertical vibration (condition 1:5 Hz, 2 mm; condition 2: 10 Hz, 2 mm; and condi-
tion 3: 15 Hz, 2 mm) and a no-WBV condition in single experimental sessions. WBV frequency
of 15 Hz was the best vibration stimulation for core muscles in all the exercises. Single bridge
is a better exercise for RM and AOE compared with other exercises, and crunches was the best
exercise for MM, AOI, and ES. Significant interaction effect was observed in different frequen-
cies and exercises except for AOL It is concluded that high vibration frequencies can lead to
enhanced exercise benefits within an appropriate frequency range, and different exercises
have diverse effects on various muscles.

Oliveira et al. [10] considered that mechanical vibration is a common neuromuscular train-
ing technique used in sports training programs to generate acute increases in muscle strength
and compared the individual optimal vibration frequency (IOVF) identified by EMG activ-
ity and force production in strength training in well-trained volunteers. They performed a
familiarization and two interventions sessions, which included MVC (five) of the elbow flexors
with a duration of 10 seconds and 5-min intervals between each MVC. Firstly, MVC was per-
formed without mechanical vibration followed by four MVC (randomized) with application
of mechanical vibration in the direction of the resultant muscle forces’ vector (VDF) or WBV
exercise using different frequencies (10, 20, 30, or 40 Hz). Consequently, the mechanical vibra-
tion stimulus was superimposed during the MVC. Individual optimal mechanical vibration
frequency (identified by EMG) did not coincide with IOVF (identified by force production).
Low agreement was observed between the vibration frequencies in generating the higher EMG
activity, maximal force, and root mean square of force. These results indicate that the magni-
tude of the mechanical vibratory stimulus response might be individualized. In conclusion,
if the objective is to use acute mechanical vibration in conjunction with strength training, a
preliminary mechanical vibration exposure should be performed to determine the individual-
ized mechanical vibratory stimulus of the individual, and, in consequence, the training effects
can be optimized.

Moreira-Marconi et al. [23] evaluated the behavior of the skin temperature (Tsk) on regions
of the lower limbs from an acute bout of WBV exercise. Using IRT, Tsk and thermal sym-
metry of the posterior lower extremities (thigh, knee, calf and heel) were examined in healthy
participants. IRT was assessed during 60-second WBYV exercise (exposures of 0, 30 and 50 Hz
generated in a vertical vibrating platform). From the adjusted linear mixed effects model,
mechanical vibration frequency, time and regions of the lower extremity were significant.
But, as the variable laterality was not significant and it was excluded from the adjusted sta-
tistical model. It was verified that the adjusted model was significant and all variables in the
model were significant. This indicates that Tsk decreases with the time, independently of
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the mechanical vibration frequency. The mathematical model of the current study may be
useful to justify the patterns observed for all vibration frequencies between and 0 and 50 Hz.
It was concluded that the acute exposure of 60-second mechanical vibration has influence on
the behavior of Tsk of the posterior region of the lower limbs. Probably, this would be likely
associated with a decrease on the blood flow due to WBV exercise. Moreover, it is possible to
speculate that during WBV exercise a greater supply of blood would be required where the
body responds by shunting blood flow from the skin to working muscle, at least, in the first
seconds of the WBV exercise.

Karim et al. [28] examined the immediate effect of WBV exercise on first position sauté height,
and on static and dynamic balance professional contemporary dancers. Following instruction,
a warm-up, and a training session, participants received a 75-second randomly assigned WBV
intervention under four conditions: static demi-plié (0 Hz), static demi-plié (30 Hz), dynamic
demi-plié (0 Hz), and dynamic demi-plié (30 Hz). Before and immediately after intervention,
participants performed three sautés on the Just Jump® Mat System, provided dynamic bal-
ance data via the Star Excursion Balance Test, and static balance data via the Balance Error
Scoring System. Dancers from the static first position demi-plié group were found to jump
higher than those from the dynamic first position demi-plié group, regardless of WBV fre-
quency. The 30 Hz frequency resulted in significantly improved static balance for both static
and dynamic demi-plié. Therefore, the use of WBV exercise is worthy of consideration as a
quick method of improving static balance, and use of the static first position demi-plié may be
beneficial for improving sauté height.

Wallmann et al. [24] evaluated acute effects of WBV exercise on vertical jump, power, bal-
ance, and agility for untrained individuals (who are not collegiate or professional athletes).
They were assessed for vertical jump height and power (Myotest accelerometer), balance
(NeuroCom Balance Master System), and agility (modified T-test). Each session consisted
of (i) five-minutes treadmill warm-up, (ii) practice test, (iii) baseline measurement, (iv) two-
minute rest period, (v) WBV exercise at 2mm and 30 Hz for 60 seconds, and (vi) final mea-
surement. Three different counterbalanced testing sessions were spaced by a minimum of
48 hours between sessions aiming to minimize fatigue. Significant differences were found for
both genders for main effect of time for Agility; end point excursion Left; and maximum end-
point excursion Left. Differences for main effect of gender showed females performed better
than males in: end point excursion Right; end point excursion Left; maximum endpoint excur-
sion Right; and maximum endpoint excursion Left. Considering the males, they performed
better than females in Agility and Power. It was verified a significant interaction between time
and gender for vertical jump. Simple main effects showed males jumped higher than females
during both pre and post intervention. Females had an important and significant decrease in
the vertical jump post intervention. It is concluded that WBYV, acutely, would produce signifi-
cant differences in the main effect of time and agility, and end point and maximum end point
excursion Left for both genders. Furthermore, females performed better in balance compared
to males and poorer in vertical jump, but males performed better in agility and power.

Zaidell et al. [29] characterized the acceleration transmission and neuromuscular responses to
rotational vibration (RV) and vertical vibration (VV) at different frequencies and amplitudes.
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Individuals finished two experimental trials (RV versus VV) in which mechanical vibration
was delivered during either squatting (30°; RV versus VV) or standing (RV only) with frequen-
cies of 20, 25, and 30 Hz, at peak-to-peak displacement of 1.5 and 3.0 mm. Vibration-induced
accelerations were measured with triaxial accelerometers on base of the vibrating platform
and bony landmarks at ankle, knee, and lumbar spine. At all frequency/peak-to-peak dis-
placement combinations, accelerations at the ankle were greater during RV with the greatest
difference verified at 30 Hz, 1.5 mm. Transmission of RV was also significantly influenced by
body posture (standing versus squatting). Irrespective of mechanical vibration type, mechani-
cal vibration transmission to all studied bony landmarks was generally greater at higher
peak-to-peak displacement but not at higher frequencies. This was verified mainly above the
ankle joint. Acceleration at the lumbar spine increased with greater vibration peak-to-peak
displacement but not frequency and was highest with RV during standing. It was concluded
that the transmission of the mechanical vibration during WBV is dependent on intensity and
direction of mechanical vibration as well as on the body posture. For targeted mechanical
vibration loading at the lumbar spine, RV of higher peak-to-peak displacement and lower
frequency mechanical vibration while standing is suggested. These findings will contribute to
assist with the prescription of WBV to achieve desired levels of mechanical vibration loading
at landmarks in the human body.

Yang et al. [30] described that vertical and side-alternating WBV can improve muscle power
performance but have a limited efficacy for enhancing change-of-direction (COD) ability.
They studied the acute effect of dual- or single-frequency WBV exercise on squat jumps (SJs),
countermovement jumps (CM]s), eccentric utilization ratios (EURs), and COD ability in rugby
players. Rugby players performed a 4 min partial squat with three types of WBV interven-
tions on a dual-plate WBV machine, including 1 dual-frequency WBV protocol (DFW) with
the dominant leg receiving 35 Hz and the non-dominant leg receiving 45 Hz, and 2 single-
frequency WBV protocols (SFWs) with 35 or 45 Hz provided to both legs (SFW35Hz and
SFW45Hz) in three different days. All the mechanical vibration interventions significantly
improved SJ] and CM]J performances. However, no significantly change EURs was found. In
addition, only the DFW significantly improved COD ability. It was concluded that a 4 min
dual-frequency WBYV session improved both vertical jumping and COD ability in rugby play-
ers, suggesting that this could be a potential warm-up protocol for athletes.

5. Undesirable and unpleasant effects of the whole-body vibration

Despite the positive effects of the WBV exercise that were reported in topics 4.1 and 4.2,
undesirable and unpleasant side-effects of these exercises can occur. Crewther et al. [31]
verified that untrained participants exposed to acute mechanical vibration frequencies (10,
20 and 30 Hz), amplitudes (1.25, 3.0 and 5.25 mm) and postures (standing, squat) described
side-effects, such as hot feet, itching of the lower limbs, vertigo and severe hip discomfort.
Moreover, Cronin et al. [32] published that untrained participants suffered side-effects, such
as vibration pain of jaw, neck and lower limbs in acute intermittent WBV. Cochrane, [2] dis-
cussed that the findings described by Crewther et al. [31] and Cronin et al. [32] are not usual,
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but it was highlighted the importance of the training of professionals on the use of mechanical
vibration technology.

Monteleone et al. [33] published a case of clinical of a significant morbidity following one ses-
sion of WBV training in a patient with asymptomatic nephrolithiasis. Franchignoni et al. [34]
referencied that a healthy elite athlete (steeplechase runner) had two episodes of hematuria
after WBV training. Concerning to this, Franchignoni et al. [34] suggested that platforms pro-
viding side-alternating vibration may pose some health risks with high amplitudes (the feet
are positioned too far from the axis of rotation in this kind of platform).

Hwang et al. [35] applied WBV at different vibration frequencies to CS subjects and examined
its immediate effect on their postural sway. The individuals were randomly allocated to one
of the two vibration frequency groups (10 and 40 Hz). Before and after the intervention with
WBYV exercises, the subjects performed quiet standing for 30 seconds. COP parameters (range,
total distance, and mean velocity) were analyzed. The 10 Hz WBV exercise did not affect the
postural sway of CS subjects, however, the 40 Hz WBV increased postural sway in the ML
direction. It was concluded that WBV application to CS individuals in the clinical field may
have adverse effects and therefore caution is necessary. In addition, previously, Cochrane [2]
pointed out that some of the related side-effects to the use of WBV would be due to lack of
familiarization of the participants with the WBV.

6. Conclusion

Considering the findings that were discussed WBV exercise, in general, is a safe, suitable and
inexpensive intervention that can be used for the physiotherapists. There is a special relevance
the use of WBV exercise in the rehabilitation of individuals with various diseases, but it is also
highly relevant in different types of sports and to trained and untrained individuals when
the fitness and the wellbeing are considered. Furthermore, it is strongly desired precaution in
the use of WBV exercise due to the undesirable and unpleasant side-effects. In consequence,
it is relevant to study and to learn more about the parameters used in the protocols with
WBYV exercise and the clinical conditions of the individuals that will be exposed to mechani-
cal vibrations generated in vibrating platform. It was highlighted the relevance of the WBV
exercise as an intervention of the physical therapy for the better human optimization. Putting
together, these facts, this chapter was prepared to aid the physiotherapists that have interest
in WBV exercise to use properly this intervention.
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Abstract

The incidence of chronic diseases is rising. Rehabilitation plays a vital role in preventing
and minimizing the functional limitations associated with chronic conditions and aging.
Routine outcome measures include disease-specific and unspecific general health param-
eters. This study evaluates indicators for medical quality outcomes from 10,373 patients
(61.00 £ 13.65 years, 51.7% women) who have undergone orthopedic rehabilitation for
three weeks. Inpatient rehabilitation reduces lifestyle-related risk factors, optimizes organ
functioning and improves the well-being in the majority of patients (81.3%; SMD = 0.52 +
0.38). Improvements of unspecific and indication specific outcome parameters can be
observed in a comparable magnitude. However, disease specific and unspecific health
factors are not directly related to each other (r = 0.19). Age, gender, ICD-classification and
time of rehabilitation have an influence on initial values and on indication-specific medical
outcomes but are insignificant with regards to improvements in unspecific medical out-
come parameters. Inpatient rehabilitation includes two main pathways of medical prac-
tice, which can be clearly distinguished in terms of their therapeutic outcome. There are
general health interventions, such as lifestyle modifications, diet and physical exercise,
and symptom-specific treatments. So multidisciplinary medical rehabilitation improves
general well-being and physical functioning as well as reduces risk factors in the majority
of patients.

Keywords: inpatient rehabilitation, medical quality outcomes, routine outcome
measurement, reference data, rehab success
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1. Introduction

The definition of rehabilitation has become more transparent all over the world after the World
Health Organization (WHO) published the five health strategies (promotion, prevention, cure,
rehabilitation and palliative care) in rehabilitation [1]. Rehabilitation was previously under-
stood as a heterogeneous approach. It was framed as a highly specialized service for athletes, a
controlled training intervention or a post-injury service for return-to-work intervention. The
definition was standardized through the WHO to a homogenous understanding of rehabilita-
tion as a service to restore functioning, ameliorate the impact of the reduction in capacity and
minimize further initial health problems in all stages of health provision [2].

Special care in rehabilitation is given to the ailments of the modern society. As such, especially
risk factors like sedentary behavior', physical inactivity, overeating causing obesity, alcohol
abuse and smoking leading to various chronic diseases that immediately affect the musculo-
skeletal system [3] are causes for concern. Due to those lifestyle choices that lead to potentially
life-threatening conditions, physical activity has become an important therapeutic approach. It
is a primary, secondary or tertiary therapeutic approach of chronic diseases over the last
decades. Physical activity recommendations are now broadly understood as health-related
interventions that propose a minimum dose of physical activity.

The WHO [1] suggests at least 150 minutes of moderate aerobic activity or 75 minutes of
vigorous aerobic activity throughout the week for adults. In addition, muscle-strengthening
activities should be done involving major muscle groups on two or more days a week and
sedentary behavior should be reduced. Small amounts of physical activity already have a
positive impact on the health status; however, the strongest effect can be observed in adults
that transformed from an inactive to an active lifestyle [4-6].

Medical intervention programs therefore do not only aim to restore physiological functioning,
reverse or undo the damage caused by disease or injury, but also rather to optimize the health
status by improving strength and aerobic capacity. The amelioration of the physical constitu-
tion leads to health-promoting effects like the reduction of high blood pressure, a better
glucose profile and reduced blood lipids [7, 8]. Physical activity has a positive impact not only
on metabolic and cardiovascular diseases but also on the musculoskeletal system.

Complaints of the musculoskeletal system are most commonly those of inflammatory and
degenerative origin. These origins of disease are the cause for chronic pain, painful functional
impairment and a reduced quality of life worldwide. Rheumatoid arthritis is found in 3.2%
of women and 1.9% of men. Furthermore, another increasing ailment is osteoporosis, which
is found in 3.1% of women and 1.9% of men, with a high prevalence from the age of 80
onwards [9].

For example, through (screen) workplaces and automation, leisure activities such as video games, social media and
television.
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The most common symptom of the musculoskeletal system is back pain (60-80% long-time
prevalence [10, 11]). The prevalence is dependent on age, with a rise of prevalence with age.
The highest prevalence for back pain is set between 40 and 69 years; women are more affected
than men [12, 13].

The findings of an analysis by the Austrian Health Survey 2014 [14] report an estimated rate of
24% (about 1.8 Mio individuals) suffering from chronic back pain. Furthermore, 19% claimed
about discomfort of the cervical spine. The cervical spine complaint was gender dependent
(23% women versus 14% men). Arthrosis was found in 15% of women and 8% of men. The
gender difference refers not only to the frequency of the disease but also to the pain perception,
due to a higher rate of female pain sensitivity, lower threshold for pain and a lower suspension
of pain [15].

Due to the high prevalence of degenerative diseases of the musculoskeletal system, there is
also a demand for surgical treatment with endoprosthesis material. The highest operative
treatment rates for such procedures worldwide are found in Switzerland, Germany and Aus-
tria. In Germany, about 230,000 hip, 170,000 knee and 25,000 shoulder endoprosthesis surger-
ies were performed in the year 2011 alone [16].

Physiotherapy and physical activity are fundamental components for the process of recovery.
The body of available knowledge confirms positive effects of physiotherapy and physical
activity throughout all organ systems. It reduces swelling as well as promotes building
strength and aerobic capacity. Through the process of physiotherapy and physical activity
interventions, a total physiological functionality after surgical treatment can be achieved.
Moderate physical activity reduces the risk of osteoporosis and improves the osseointegration
of bone substitutes. Almost all musculoskeletal diseases can be treated by therapies including
physical activity and strengthening programs [17-20]. Physical activity thus has become the gold
standard among medical treatments.

1.1. Orthopedic rehabilitation

Following the WHO definition, the rehabilitative process can be divided into four phases:
phase I includes the early mobilization in primary treatment, phase II provides follow-up
treatments or post-acute therapy in rehabilitation centers, phase III tries to integrate and
stabilize the long-term life modifications and phase IV deals with long-term rehabilitation
including a probably outpatient aftercare. The aim of orthopedic inpatient rehabilitation
(phase II) is to restore the health status based on the bio-psycho-social health model.

1.1.1. Situation in Austria

Musculoskeletal diseases, caused by inflammatory, degenerative processes or injuries, permit
an inpatient orthopedic rehabilitation (WHO, Phase II [21, 22]) over 3-4 weeks for restoring
physiological functioning and reintegrating to social and professional life.

Based on historical decisions [23] and Health Technology Assessments (HTA) (e.g., [24]), there
is currently a framework of contracts with the federal Austrian social security institutions
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entities in place®. This includes performance agreements for orthopedic rehabilitation (see
[25]), based on criteria regarding the quality of processes and treatment outcomes [21]. Criteria
include individual detailed results that demand a standardized statistical recording of out-
come parameters from admission up to discharge of the rehabilitation program. Furthermore,
evaluation and statistical analyses of these medical outcomes are generally not open to the
public [26].

1.1.2. Implementation of orthopedic rehabilitation in Austria

There is strong evidence that rehabilitation is necessary as part of the treatments for inflamma-
tory or degenerative diseases, as well as for postoperative conditions or injuries of the muscu-
loskeletal system. The underlying condition’s severity and expectancy of the restoration of
physical function are requirements for obtaining an inpatient orthopedic rehabilitation. For
patients affected by musculoskeletal disease, medical treatment and a large range of rehabili-
tative treatments are available. The inpatient treatment lasts on average 2-3 hours per day. An
individual rehabilitative program consisting of active and passive treatments is provided (see
Table 1). Active treatments consist of physical activity including gymnastic and individual
physiotherapy sessions and the medical training focuses on underwater , ergometer , Nordic
walking , strength , balance , relaxation and motion training. Passive treatments contain
sessions like massages, thermotherapy, electrotherapy, ultrasound and educational lessons like
various lectures, or psychological coaching. Each patient is offered a program of at least 1800
therapy minutes during 3 weeks, split up into approximately 50% active and 50% passive
treatments that highly surpass the physical activity guidelines of the WHO (150 minutes
workout in moderate intensity and strengthening exercise twice a week).

Physical exercise Medical training

Active Gymnastic Underwater gym Approx. 50%
Individual physiotherapy Ergometer training
Sensomotoric training Strength training

Balance & function training

(Passive) Treatments Education
Passive Massages Health-related talks and trainings Approx. 50%
Thermotherapy Psychological
Electrotherapy Coaching
Ultrasound
Required total amount At least 1800 minutes (within 3 weeks)

Table 1. Quantity and type of therapies over three weeks.

?[n particular the pension insurance institution.
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Medical rehabilitation is structured in different ways all over the world, although a tendency
for a standardization of the social and health system can be observed. In Germany and Austria,
the social insurance offers inpatient orthopedic rehabilitation over a period of 34 weeks in
specialized rehabilitation centers with an interdisciplinary team. Some other countries only
provide outpatient rehabilitation [27].

1.2. Efficacy and sustainability of orthopedic rehabilitation

Diseases demand a certain continuity of the therapeutic process for success after rehabilitation.
This means that rehabilitative programs should focus not only on physical activity programs
during the stay but also on sustainability of physical activity after the rehabilitation. Therefore,
an inpatient stay should also lead to a health-related modification in lifestyle. The efficacy of
inpatient rehabilitative programs and especially their sustainability over a long period are
important research issues. Literature shows that during the rehabilitative stay, pain can be
significantly reduced, and a long-term improvement of physiological functionality can be
achieved. The success can be measured even after 12-21 months after rehabilitation [28, 29].

The fact remains that physical activity programs have a positive impact on the physiological
performance of patients. However, the dropout rate for long-life active and health-related
lifestyle change maintenance is high. Findings support the sustained efficacy of an intense,
multimodal orthopedic rehabilitation, with moderate evidence, including an improved subjec-
tive health status and reduced pain [30]. For rehabilitation treatment after hip and knee
endoprosthesis (TEP) [31-34] and chronic back pain [35-37], a level of evidence Ia/Ib is stated.
The combination of physiological and psychological training significantly leads to positive
changes [18, 38, 39]. The data confirm that a combination of physical activity and psychosocial
training-based treatments has an influence on pain reduction and mental well-being.

Studies in other countries state that about 57% of patients in Europe and even 70% of patients
in the US are able to restart regular full-time work and show significant improvements of
psychosocial, physiological parameters after inpatient rehabilitation [40-43]. An interdisciplin-
ary treatment of medical, physical activity based and psychological therapy ensures a high
return to professional life [44, 45].

2. Methods

The medical outcome parameters required by the performance profile of the federal Austrian
social security institutions involved in quantifying the quality of rehabilitation outcomes are
the basis of this work. We provide descriptive standardized numeric indicators of the rehabil-
itation process as well as monocentric reference data for a 3-week inpatient orthopedic reha-
bilitation program. Data collection was performed by doctors and healthcare professionals
during routine medical treatment. Standardized clinical characteristics of patients were
recorded systematically at the time of admission and discharge. The easily quantifiable medi-
cal parameters included general health characteristics such as body measurements and
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cardiovascular parameters, psychological indicators such as pain and subjective health, as well
as specific indicators such as daily activities, motor function and physical performance (see
Table 2).

These quality-of-outcome measures are to be documented in the discharge report at the
beginning and the end of the phase II rehabilitation (this correlates with the methodology of a
pre-post comparison). Respectively, data were also summarized using a descriptive evaluation
in terms of content and factor analysis. This provides us a simple descriptive evaluation model
through independent factors for the sake of a complete evaluation of the outcome quality [26].

2.1. Orthopedic reference sample at the clinical trial center

During the service period from 2016 to 2018, a total of 10,373 patients (61.00 £ 13.65 years,
51.7% women) were enrolled in a specialized interdisciplinary hospital for rehabilitation
(Humanomed Center, Austria) (Table 3). A categorization of reasons for hospital treatment
was based on the admission diagnosis. Reasons for admission were musculoskeletal diseases
(M, 85%) or injuries (S, 15%). Categorizations were based on ICD-10. The majority of patients
were admitted for rehabilitation due to back pain (29.6%) followed by upper/lower limb joint
as well as knee (21.4%), hip (16.3%) and shoulder (12.0%) disorders. About 73.3% of the
patients were admitted after surgery (OP)®. Just under a half of those patients (42.2%) were
treated with an endoprosthesis (EP) (overall, 31.9%). The proportion of EP rehabilitation pro-
cedures was 64.7% for knee patients and 84.7% for hip patients. The period between acute care
rehabilitation (OP) averaged 8.4 + 4.0 weeks. However, patients with knee and hip TEP
progressed from phase I to phase I earlier (median, 6 weeks)*.

The average inpatient length of stay was 22.00 £ 2.6 days; 2.2% of all patients discontinued
their inpatient treatment prematurely due to a loss of rehabilitation capacity (for example,
acute illness) or for private reasons (criterion < 18 treatment days). In 3.8% of the patients, the
inpatient stay was 4 weeks.

2.2. Ethical aspects

This study (A retrospective study-Routine Outcome Parameters of an Inpatient Rehabilitation in
Austria) was reviewed and approved by an Ethics Committee (Vote by the Ethics Committee of
the Medical University of Graz, dated 02.05.2019, EC Protocol Number: 31-321 ex 18/19). Person-
related and health-related data were collected as part of routine medical care and quality
management at the Humanomed Center Althofen (9330 Althofen, Moorweg 30). Data processing
was done according to standard operating procedure by the responsible data processing party:
Humanomed Center Althofen GmbH, Data Protection Officer: Mag. Karl Klein, Jesserniggstrafie

3Corresponds to a follow-up treatment procedure (AHV), which can be used in Austria for three to four months from the
grant date (in Germany within 14 days after discharge Phase I). The remaining patients are a (R) HV [(rehabilitation)
treatment], where the time limit is 8 to 12 months.

“For knee and hip TEP patients in orthopedic rehabilitation, a quasi-experimental control group (waiting group) results
from the different onset times [period between acute care (surgery time) and the beginning of the follow-up treatment
procedure (AHV)].
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9, 9020 Klagenfurt. The data from the hospital information system upon which the publication is
based were compiled in compliance with all regulations of the Austrian Privacy Act and the
Declaration of Helsinki in its current version. Data collection was done also in accordance with
national legalization (hospital statutes, contracts with insurance-authorized institutions, etc.)
through the rational of mainly collecting scientific data in the public interest.

2.3. Medical outcome quality

Medical outcome quality is defined as the “measurable change in the profession-ally assessed
state of health, the quality of life and the satisfaction of a patient” (see Austrian Federal Quality
of Healthcare Act, GQG). The outcomes become visible by “the difference between the initial
state and the state at treatment end” (c.f. [46]).

The outcome measurement in rehabilitation can be based on various methodological approaches,
such as questionnaires, performance tests, equipment measurements and functional physical exam-
inations. The outcome quality measurement, “the outcome,” includes features on health (e.g.,
symptoms and pain), functional levels (e.g., performance) and educational levels. In addition to the
patient’s subjective assessment (“patient-reported outcomes (PRO)”), medical, diagnostic and other
relevant outcome measures/criteria (e.g., ICF) are documented by healthcare professionals.

The aim of the present work is to provide a valid basis for routinely assessing the quality of
medical outcomes (routine outcome measurement) based on common data acquisition. The
focus therefore is on general (nonspecific, body constitution based) and indication-specific
parameters. Continuously collected medical reference values have diverse potential benefits
in quality assurance, awareness raising, goal setting and decision-making. The data are also
important for evaluation of different care models.

2.3.1. Quantifying “medical outcome quality”

In addition to the descriptive analysis of single indicators, the analysis evaluates the effects of
inpatient rehabilitation stay and the medical quality outcome (MQO). This is calculated on the
basis of representative monocentric normative data (N = 10,373; see Table 3). The selection of
clinical parameters follows the requirements of federal social security instate in the perfor-
mance profiles of accredited Austrian institutions for outcome analysis, which should guaran-
tee a comparable medical service quality standard. A success index is calculated by
summarizing the compulsory basic clinical data of the patients (see Table 2 and [26]).

1. The “Unspecific Health Index” is the arithmetic mean of three independent areas of
measurement: body measurements (BMI and abdominal circumference), cardiovascular
parameters (blood pressure and resting heart rate), discomfort (visual analogue scales
(VAS pain, [47]) and subjective health status (EQ-VAS, [48])). These parameters should
provide a simple and quick overview of “unspecific” effectiveness of a rehabilitative stay.

2. The “Specific Ortho Index” corresponds to a z-normalized mean of “activities of daily
living” (EQ5D), “function” (Roland-Morris, WOMAC or Constant-Murley, depending on
the affected body region) and the “physical ability” (walking tests).
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The Unspecific Health Index can be interpreted as an indicator of general health status or the
current body constitution, whereas the Specific Ortho Index corresponds to a disease-specific
health parameter (indication-specific outcome). Both indexes together form the “medical qual-
ity outcome” in equal parts.

2.3.2. Statistical methods

Based on the value distributions, the individual outcome parameters were transformed into
z-values, which allowed a conversion into percentiles. By means of the z-standardization,
different scaled quantities can be summarized and changes can be uniformly quantified
[standardized mean differences (SMD)]. A value of 50% (median) or a z-value of zero
corresponds-given a normal distribution-to the representative mean of admission and dis-
charge data of all patients at the clinical trial center. A z-value of 1, corresponds to a deviation
from the mean by one standard deviation. Z-differences with no significant changes are in a
range of 0.00 & 0.20. Changes from admission to discharge are illustrated by effect sizes. In
addition, the number of patients (relative frequency in %) is stated, which could improve
clinically (categorical representation: better, equal, and worse). The threshold used is an
average z-difference (~SMD) >0.20 (MED 1-3, ORT 1-3) or >0.33 (unspecific Health Index,
Specific Ortho Index, and overall medical quality outcome). Alternatively, the average (per-
centile) change compared to the time of admission is calculated and, if necessary, treated
according to the indication.

Statistical data processing was performed using IBM® SPSS® Statistics (version 22). In addition
to descriptive methods, statistical analysis included parametric methods such as multifactorial
variance analyses for repeated measures [(M)AN(C)OVA; between-effects: gender (2), covari-
ate: age, within-effect: rehabilitation course (2)], regression analysis and Pearson correlations.
Individual missing values were not replaced for statistical analysis. The specification of
p-values was omitted, instead effect sizes were used [partial Eta® and standardized mean
differences (Cohen's d or z-values/-differences, SMD)]. The representation of the partial
Eta® (1) was chosen because even the very small numerical differences became statistically
significant even if they were not relevant in terms of content and clinical relevance. A n>
between 0.01 and 0.06 corresponds to a small effect. Occurrences of 0.06-0.14 correspond
to a middle effect and values >0.14 to a large effect [49]. The application of multivariate
variance analyses (MANOVA) and a factor-analytical reduction of the basic clinical data to
individual factors or a total value (MQO) follow substantive, statistical considerations for
better clarity.

3. Results

The effect of the rehabilitation stay and the change between the initial state and the discharge
state differ between the individual success factors for medical rehabilitation (see Tables 4, 6
and 7). Specific and unspecific outcomes show a comparable change in sensitivity (nzunspedﬁc
= 0.522 [UH;] vs. T]2Speciﬁc = 0.540 [SOj]). The relationship between specific and unspecific
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outcome characteristics (changes) is small (v < 0.20, see Figure 1 and Table 5), which is
reflected in a multivariate analysis of temporal changes in the variance (leunifactorial = 0.654

[MQO]).

The nonspecific overall score-the “Health Index (UHngex)”-shows that 72.5% of patients ben-
efit directly from the rehabilitation stay. About 21.8% of the patients remain unchanged and
5.8% worsen between the beginning and the end of the rehabilitation (see Table 4). The
detailed analysis of average improvement in general health features by 13.58 percentile points
shows that anatomical features, such as body mass index and abdominal circumference,
remain unchanged over the 3 weeks in the majority (86.4%). By contrast, cardiovascular
features such as blood pressure and resting heart rate are directly influenced by inpatient
rehabilitation, with an average improvement of 11.5 percentile points. The most pronounced
effects of inpatient rehabilitation can be seen in the symptoms of complaints, where almost
every rehabilitation (84.9%) reported a significant improvement. A similarly positive change
can be seen in the ADL score (+17.6 percentile points), motor function (+22.2 percentile points)
and physical performance, where 2/3 (67.5%) of patients can improve markedly.

) better equal worse @-improvement”
MED1: Anatomy (BMI, AC) 1.2 BE.4 2.4 MED1: +1,33
MED2: Physiclogy (BF, RHR) 56,5 15,7 &8 MED2Z; +11,50
MED3: Discomfort (VAS, SHS) 849 89 52 MED3: +27,89

BMI. .. Body Mass Indax, AC ... Abdominal Circumigrance, BF. .. Blood Fressure, RHR... Resting Hear? Rate, VAS... Wisual Analog
Skale (pan), SHS. ., Sulyechive Health Stalus (EQ-VAS), Thrashald lor classiffication’ MEDT-3° 0 20 [z-oiferance),

e e —
—_— e —
— —
——

Achievements of an multidisciplinary inpatient musculoskeletal system rehabilitation

[relative frequency in 3 better equal worse @-improvement*
Unspecific Health Index 72,9 21,8 5.8 WH index - *+13,58
Specific Ortho Index Tr.o 18,0 4.0 S0 tngay : +17,70
Overall Medical Quality Outcome 83 164 23 MQO g, : +15,62

*. Avevage improvement (pevcenties) from admission jo discharge;
Thrashold for classification Unspecific Health, Specific Ortho & overall Medical Qualify Qutcome indices ~0, 33 SAD;

—— T ——
%] better equal worse @-improvement”
ORT1: ADL (EQ5D) 58,8 331 83 ORT1: +17,57
ORTZ: Function (RM, WOMAC or CM) 76,3 18,0 5.6 QORTZ: +22.17
ORT3: Physical Ability (WT) BT.5 30,7 1.8 ORT3: +12.958

ADL... Activities of Dally Living, RM... Roland Moms, CM.... Constant Murey, WT... Walking Tesls;
Threshold for classification: ORTT-3 020 (z-ciference).

Table 4. Overview of medical quality outcomes.
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Almost all considered medical factors (MED, ORT) provide a comparable contribution to the
overall success (MQOQO, all r > 0.40, except for MED1: r = 0.11). The correlation between
Unspecific Health Index and Specific Ortho Index is relatively low (r = 0.19; see Figure 1 and
Table 5). Therefore, immediate changes in unspecific health scores are not directly associated
with improvements in (indication-) specific functional characteristics. One exception is the
(subjective) complaints (MED 3), which are related to specific outcome changes (r = .34).

However, the extent of improvement in medical outcome and the effect size are similar in all
areas (see Tables 4, 6 and 7 and Figure 1). Just the anatomy factor (MED 1) changed only
slightly during rehabilitation (°\gp; = 0.072; Tables 6 and 7). The individual parameters for
all patients are presented in Tables 6 and 7 below.

3.1. Output values and descriptive data for individual measurements

The starting point (initial) values of rehabilitation clearly show the deficits of the affected
patients (see Tables 6 and 7). The average BMI is 28.9 & 5.4 units (37.0% of patients have a
BMI > 30) and 77.3% of patients have “high-normal” or “hypertonic” blood pressure. The
perceived pain (VAS; 0-10) of patients is 3.8 &= 2.1 and the subjective health status (EQ-VAS;
0-100) is estimated to be 63.7 £ 16.6% on average.

3,00 owverall rehabilitation
achlevement (classifled)
i na changs (hlus)
200 il worsaning (red) *

@ improvemant (green) 15' 2,3%
|

UHivs. S0I r= 104

Changes of unspecific health outcomes [z-difference]

=300

I | | I |
-3,00 -2.00 =100 00 1,00 00 300

Changes of orthopedic specific outcomes [z-difference]

Figure 1. A value of zero (4 0.20 [z]) stands for no significant changes from admission to discharge (blue dots). The mean
for UHi is —0.45 £ 0.43 and for SOi —0.59 £ 0.55. The overall MQOi (mean of UHi & SOi) is —0.52 + 0.38 (centroid).
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Unspecific and indication-specific outcome data (see Tables 6 and 7) show clear success during
the rehabilitation stay, with complaints (MED 3, n* = 0.598) and motor function (ORT 2,
n* = 0.478) improving markedly within the 3 weeks.

Based on the subsample survey of knee and hip TEP patients, it can be seen that changes occur
in the nonspecific factors independent of the time of rehabilitation (interaction: time x post-op
week: 172 = 0.001). This result is in contrast to (disease-specific) outcome characteristics (SOi)
where the time of onset (post-op week) plays a more important role (interaction: n* = 0.061; see
Table 9 (cf. [26]).

3.2. Comparison of outcomes based on ICD-classification

If one considers the initial medical evaluation values and changes there of as a result of
the inpatient rehabilitation stay, we need to evaluate also the initial severity and admission
diagnosis. The admission diagnosis was evaluated based on the standardized ICD-10
classification (“ICD”) (see Tables 8 and 9). This classification shows that knee patients
have worse MED 1 (Anatomy) values at the beginning of rehabilitation (0.36 + 0.96). In back
pain patients, especially negative MED 3 initial medical evaluation values (Discomfort) are
prominent (MED 3: n* = 0.068). The symptom-specific characteristics (ORT, SO;) and their
differences in initial values were somewhat less pronounced (SO;: 71 = 0.010 vs. UH;: > = 0.017;
see Table 9).

Overall adding up the MQO factors, the initial medical evaluation values are comparable
between the ICD diagnostic groups (7°mqoi = 0.004), but in individual cases, they certainly
play an important role (nzmumvariat =0.080, see Table 9).

3.3. Influencing factors of age, gender and initial values

Depending on further grouping characteristics (between factors), it is shown that gender
(nzmulﬁvariat = 0.076) and age (nzmulﬁvaﬁat = 0.067) contribute a significant amount to initial
values, which is lower within unspecific than in specific parameters (see Table 9; (cf. [26]).
Additionally, medical initial values are influenced by the factor injuries (S) vs. chronic
conditions (M; nzmulﬁvariat = 0.058), as well as the symptom presentation “ICD”
(nzmultivariat = 0080)

Potential success through rehabilitation with unspecific outcome indicators (changes of condi-
tion pre and post, see also Table 4) can be observed within all grouping characteristics of a
similar magnitude (interaction time x between factor: anHi < 0.003 see Table 9). In contrast,
age, ICD, postOP and initial value of MQO play a role for alterations in specific outcome
indicators (Age: n°op; = 0.039, ICD: 7o = 0.040, postOP: n°py; = 0.061 and initial MQO value:
nomi = 0.143). All these factors influence the specific outcome significantly. Older patients
(>61 years of age), patients with knee and hip issues, patients who enter phase 2 earlier after
surgery (<6 weeks) and particularly patients with worse medical initial values show a more
advantageous rehabilitation outcome for symptom-specific indicators (not shown).
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4. Discussion

In times of dwindling resources, evidence-based justifications of medical measure effectiveness
are gaining ever more practical and healthcare economic importance. New possibilities of
medical treatment measures and constantly changing framework conditions are a challenge
for quality assurance management, which uses structural, process and outcome characteristics
to evaluate the degree to which predefined goals have been achieved. Potential environmental
influences or a change of framework conditions can also be evaluated with regard to the MQO.
The recorded routine data are used both as an evaluation criterion and as comparison data of
the expected MQO or output values.

Current treatment paths emphasize a stratified approach, active therapies and educational
measures, whereby evidence of effectiveness and clinical practice still clearly diverge [28, 50, 51].

Based on presented clinical observations through routine operating procedures of a multidis-
ciplinary inpatient musculoskeletal system rehabilitation, evaluation can be performed. The
evaluation takes into account facility and patient comparisons and is based on standardized
assessments of different treatment options as well as factors of outcome quality. Existing perfor-
mance profiles have a certain amount of latitude to focus on treatment or to apply promising
therapeutic options. Such differentiated treatment pathways are necessary for efficient and
successful treatment so that individual patients or specific patient groups can be addressed.

A physician/therapist or facility can use the results presented to make an evidence-based
decision relatively quickly on whether the treatment process is proceeding to their satisfaction.
Orthopedic patients receive a realistic assessment of what and how much they will improve
their physical abilities through the 3-week inpatient medical treatment.

The selection of outcome parameters follows evidence-based and economic considerations that
should guarantee a comparable standard of quality medical treatment. Indication-specific
characteristics (ORT, SO;) are at the center of the rehabilitative treatment, to restore the ability
to function and work or to reintegrate into the social and professional environment. Another
focus is on nonspecific health features such as individuals that are overweight, have high
blood pressure or are physically inactive. These characteristics are associated with poorer
health, cardiovascular disease and metabolic disorders. They are among the most important
variable risk factors for chronic diseases and premature death [52].

An important task in inpatient rehabilitation is, in addition to the individual symptomatic
treatment of a patient, to sustainably reduce these risk factors. Quality of life and functioning
are characterized by positive lifestyle modifications, for example, an increase in physical
activity. A reduction in the recorded basic clinical parameters such as BMI, abdominal circum-
ference, blood pressure, heart rate and pain [53-56] is therefore also highly relevant in the
inpatient rehabilitation of degenerative and inflammatory disorders of the musculoskeletal
system [57, 58]. A mathematical comparison with “healthy” patient reference data underlines
the importance of the MQO factors presented in this work, which deviate in the order of about
one standard deviation of healthy individuals.
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In order to work meaningfully and deductively, it is helpful to reduce the abundance of partially
redundant information to a manageable, uniform level. An additive summary of independent
medical areas (factors) to a key figure (UH; or SO; and overall MQO) is to be discussed in terms
of content and statistics. These key figures give a simple and quick overview of the “unspecific”
effectiveness of the rehabilitative stay for certain healthcare teams or treatment programs.

4.1. Nonspecific quality of outcomes

When assessing the effectiveness of inpatient rehabilitation based on the nonspecific health
outcome characteristics, it is not so important to use grouping characteristics such as symp-
toms. Grouping based on gender and age is here too of minor importance. Comparing the
values at discharge with the initial medical evaluation data shows that 72.5% of patients benefit
directly from inpatient rehabilitation (see Table 4). Significant interactions with grouping
features are present but can be classified as “small” compared to the main effects (> < 0.003;
see Table 9). The observed strong rehabilitation effect is similar for all subgroups (7* > 0.500;
see Tables 6 and 8). This unspecific success is probably attributable to all inpatient rehabilita-
tion stays and to the preventive effect of activity or movement in the rehabilitation setting.

The change in the nonspecific MQO is independent of the time of rehabilitation, the post-OP
week (anHi < 0.001; see Table 9). In an untreated “real” control group without rehabilitation,
therefore, no positive change in the constitutional state of health is to be expected.

In contrast, the importance of early inpatient rehabilitation as early as possible is revealed
in disease-specific outcome characteristics such as function or physical ability (°og; = 0.061).
This underlines the importance of a multidimensional view of specific and nonspecific out-
come quality, describing two independent (active) components of rehabilitation (see Figure 1
and Table 5).

4.2. Specific quality of outcomes

The most pronounced effects of inpatient rehabilitation are seen in the complaint (MED 3) and
indication-specific characteristics (ORT 2, ORT 3 and SO;). More than 2/3 of patients experience
significant improvement of symptoms and specific characteristics (see Table 4). About 77.0%
of patients show indication-specific improvement of outcomes in inpatient rehabilitation.
However, 19.0% did not show significant changes and 4.0% showed worsening from rehabil-
itation beginning to rehabilitation end. Therefore, it is important to remember that not all
patients can directly benefit from treatment. In sum, (overall MQO) improvement is achieved,
in the vast majority (81.3%, SMD = 0.52 £ 0.38; see Figure 1). Improvement of unspecific and
indication-specific outcome parameters is achieved in a comparable magnitude.

Unlike nonspecific health scores, moderating factors play a more important role in the specific
outcome quality. In particular, patients who enter Phase II earlier (<6 weeks) after surgery and
patients with worse initial medical evaluation show better rehabilitation success in symptom-
specific characteristics (see Table 9).
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4.3. The applicability of our results in rehabilitative clinical practice

Despite large international differences in healthcare teams and treatment measures in
rehabilitation, the observed effect sizes can support individual evaluation but cannot replace
it. In addition to case by case evaluation, it is important to consider the medical focus, the
rehabilitative practice and performance profiles, as documented outcomes come about
through different treatment programs and the associated different use of healthcare resources.

Absolute values and individual profiles of the MQO should always be evaluated according to
the given setting and at the doctor’s discretion. Single measurements are subject to a variety of
moderating influences and measurement errors. The presented continuous measures of MQO
have advantages in terms of their (scale) properties and sensitivity to frequently applied
categorical criteria.

When using the presented clinical reference values of the MQO for orthopedic rehabilitation
(WHO phase II) in Austria, apart from the reference sample, the monocentric character of the
work has to be considered. The need for adjusting for different facility comparisons cannot be
definitively answered. Different individual starting values must always be taken into account,
as worse outcome parameters at the beginning of rehabilitation are accompanied by a greater
potential for improvement (e.g., rnoo = —0.461). Due to the prescribed performance profiles
and the centrally controlled assignment modalities by the insurers, however, it can be assumed
that the initial values presented and especially the changes in the MQO are representative of
the inpatient rehabilitation of the musculoskeletal system in Austria.

The presented results and experiences of the clinical trial center suggest that the expected
rehabilitation effects in the MQO factors are universal. Risk adjustment or indication- and
group-specific modeling does not seem necessary. A closer characterization of nonresponders
and types is still pending.

4.4. Limitation

The practical significance of the MQO outcomes or relationships with external criteria (endpoints),
such as the incapacity for work, remains to be tested. Especially the global evaluation between
MQO and sociomedical relevant external criteria is a potential further route for development. It is
to be clarified which of the observed changes in MQO have significance for the sustainability of
rehabilitative measures and to what extent optimized treatment pathways can influence them.
Improvements in one outcome may well be accompanied by deterioration in other outcomes.
Therefore, multidimensional approaches to the quality of results are always the methods of choice.

5. Conclusions

In addition to the usual “primary patient-oriented” assessment of quality of outcomes, the
subjective assessment and satisfaction through self-reporting of patients as well as quality
registers on surgical frequencies, length of stay and complications, these factors present a
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valuable addition to the medical outcome quality evaluation. These can be essential for
decision-making or can contribute to the design processes and further developments of quality
assurance in rehabilitation facilities.
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Abstract

Immediate enrollment in physical therapy and facilitation of the spinal motor neuron
excitability are very important. We previously suggested that the F-wave parameters
were significantly increased during motor imagery. Thus, motor imagery is a beneficial
method to facilitate the spinal motor neuron excitability for patients with various motor
dysfunctions. We also indicated that the imagined muscle contraction strength may not
affect the spinal motor neuron excitability. Additionally, kinesthetic imagery can more
facilitate the spinal motor neuron excitability; however, longer duration of motor imag-
ery may decrease the spinal motor neuron excitability. Thus, when applying motor imag-
ery to physical therapy, slight imagined muscle contraction strength may be sufficient to
facilitate the spinal motor neuron excitability, and the duration and strategy of imagery
should be considered.

Keywords: motor imagery, F-wave, muscle contraction strength, duration, strategy

1. Introduction

Motor imagery (MI) is the mental representation of a movement in the absence of any actual
overt movement. It is a cognitive process creating specific motor actions within the working
memory [1]. MI may be a beneficial tool to improve various motor functions for patients with
stroke-induced motor deficits [2-5]. Decline of motor evoked potential (MEP) amplitude, an
index of corticospinal excitability obtained when transcranial magnetic stimulation is applied
to the primary motor cortex, can be observed post-stroke [6]. Additionally, a significant
reduction of spinal motor neuron excitability has been shown in the post-stroke acute phase
[7]. Thus, corticospinal excitability, including that of spinal motor neurons, would be reduced
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post-stroke. Corticospinal excitability is considered to be an index of functional motor recov-
ery [8], and immediate enrollment in rehabilitation for stimulation of corticospinal and spinal
motor neuron excitability may be important to achieve better outcomes.

Neuroimaging studies show that MI activates motor-related brain regions, including the pri-
mary motor cortex, supplementary motor area, premotor area, prefrontal cortex, somatosensory
area, parietal lobe, cingulate gyrus, cerebellum, and basal ganglia [9, 10]. Similarly, these regions
have been shown as activated during motor execution [9, 10]. Furthermore, the MEP amplitude
was shown as significantly increased during MI [11-13]. Thus, MI may stimulate the central
nervous system. Various patterns of spinal motor neuron excitability have been observed during
MI [14-16]. The F-wave is one of the indices of spinal motor neuron excitability. It is a com-
pound action potential resulting from re-excitation (backfiring) at spinal anterior horn cells by
an antidromic impulse following the distal electrical stimulation of motor nerve fibers [17-19].
The F-wave amplitude increases when the corticospinal descending volley collides with the
antidromic peripheral volley [20]. Additionally, the F-wave is a reliable index of spinal motor
neuron excitability, even when motor output is extremely low, as is the case during MI [21].

As described previously in this chapter, stimulating spinal motor neuron excitability would
improve motor function. Our final goal is to find the most beneficial approach by which MI
can increase the spinal motor neuron excitability. In the following sections, we introduce
our research on spinal motor neuron excitability under various MI conditions. At the end of
the chapter, we discuss the application of MI to physical therapy from a neurophysiological
perspective.

2. The spinal motor neuron excitability during MI under different
imagined muscle contraction strengths

2.1. Purpose

We previously reported that the spinal motor neuron excitability increased significantly
when participants performed MI of isometric thenar muscle activity under 50% maximal
voluntary contraction (MVC) [22]. However, it was unclear whether the magnitude of the
imagined muscle contraction strength affects the spinal motor neuron excitability. Therefore,
we used F-wave measurements to investigate the spinal motor neuron excitability during
MI of isometric thenar muscle activity under various imagined muscle contraction strengths.
Specifically, we adopted the 10, 30, 50, 70, and 100% MVC for imagined muscle contraction
strength [23-25].

2.2. Materials

We conducted two experiments to assess the spinal motor neuron excitability during MI
under different imagined muscle contraction strengths. Firstly, we measured the F-wave dur-
ing MI under 10, 30, 50, and 70% MVC for 10 healthy volunteers (5 males, 5 females; mean
age =28.7 +4.5 years). Secondly, we measured the F-wave during MI under 50 and 100% MVC
for 15 healthy volunteers (13 males, 2 females; mean age = 25.3 + 5.0 years). All participants
provided informed consent before study commencement. This research was approved by the



Effectiveness of Motor Imagery on Physical Therapy: Neurophysiological Aspects of Motor Imagery
http://dx.doi.org/10.5772/intechopen.90277

Research Ethics Committee at Kansai University of Health Sciences. All recordings were con-
ducted in accordance with the Declaration of Helsinki.

2.3. Methods

A Viking Quest electromyography (EMG) machine ver. 9.0 (Natus Medical Inc., USA) was used
for the F-wave recording. A pair of silver disc electrodes (10 mm diameter, Natus Medical Inc.,
USA) were placed over left thenar eminence and base of the first dorsal metacarpal bone. The
skin was cleaned with an abrasive gel, and then impedance was maintained below 5 kQ. The
F-wave was evoked from the left thenar muscles by delivering supramaximal electrical stimuli,
0.2 ms in duration and 0.5 Hz in frequency, to the median nerve at the left wrist. Supramaximal
stimuli were determined 20% higher than the maximal stimulus intensity required to elicit the
largest compound muscle action potential (M-wave). The sensitivity for the F-wave was set at
200 pV/division and a sweep of 5 ms/division. The bandwidth filter range was 20 Hz-3 kHz.

Participants were placed in the supine posture on a bed and instructed to fix their eyes on
the display of a pinch meter (Digital Indicator F304A, Unipulse Corp., Japan) throughout the
F-wave recording. To determine the baseline of spinal motor neuron excitability, the F-wave
was measured during relaxation for 1 min (rest). Thereafter, participants exerted isometric left
thenar muscle contraction at 50% MVC (i.e., participants pressed the sensor of the pinch meter
using their thumb and index finger at 50% MVC) for 1 min with visual feedback. For the MI
trial, participants performed MI of isometric thenar muscle activity under 50% MVC for 1 min
(50% MI). Immediately after the 50% MI trial, the F-wave was recorded during relaxation for
1 min (post). There were 30 supramaximal electrical stimuli delivered during each trial for the
F-wave recording. The above process was defined as the MI at 50% MVC condition (50% MI
condition). This protocol was repeated for conditions of 10, 30, 70, and 100% MI. Each condi-
tion was performed randomly on different days.

2.4. F-wave data analysis

All measured F-wave data were analyzed with respect to two parameters: persistence and the
F/M amplitude ratio. The minimum F-wave peak-to-peak amplitude was 20 pV [26]. The persis-
tence was represented as the percentage of detected F-wave responses out of 30 supramaximal
electrical stimuli. It reflects the number of backfiring spinal anterior horn cells [17, 19]. The F/M
amplitude ratio was obtained as the mean of the ratios of each detected F-wave response ampli-
tude divided by the corresponding M-wave amplitude; it reflects the number of backfiring
spinal anterior horn cells and individual spinal anterior horn cell excitability [19]. Therefore, the
persistence and F/M amplitude ratio are considered indices of spinal motor neuron excitability.

2.5. Statistical analysis
2.5.1. The F-wave during MI under 10, 30, 50, and 70% MVC

Because the Shapiro-Wilk test did not confirm the normality of the F-wave data, a nonpara-
metric method was used for statistical analysis. The persistence and F/M amplitude ratio
among the three trials (rest, MI, and post) under each MI condition (10, 30, 50, and 70% MI)
were compared using the Friedman test and Scheffe’s post hoc test.
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We also calculated the relative value obtained by dividing the F-wave data during MI under
the four MI conditions by that at rest and compared the results using the Friedman test. SPSS
Statistics ver. 19 software (IBM Corp., USA) was used for statistical analysis. The threshold for
statistical significance was set at p < 0.05.

2.5.2. The F-wave during MI under 50 and 100% MVC

The persistence and F/M amplitude ratio among three trials (rest, MI, and post) under each MVC
MI conditions were compared using the Friedman test and Scheffe’s post hoc test. The relative
values between the two MI conditions were compared using the Wilcoxon signed rank test.

2.6. Results
2.6.1. The F-wave during MI under 10, 30, 50, and 70% MVC

The persistence during MI under all MI conditions was significantly higher than that at rest
(10% MI vs. rest and 70% MI vs. rest, p < 0.01; 30% MI vs. rest and 50% MI vs. rest, p < 0.05)
(Tables 1-4). The F/M amplitude ratio during MI under 10, 30, and 50% MI conditions was
significantly higher than that at rest (10% MI vs. rest and 50% MI vs. rest, p < 0.01; 30% MI vs.
rest, p < 0.05) (Tables 1-3). The F/M amplitude ratio during MI under the 70% MI condition
tended to be more increased than that at rest (p = 0.082) (Table 4). The F/M amplitude ratio
immediately after MI under all MI conditions was reduced to the rest level (Tables 1-4).

The relative values of the persistence and F/M amplitude ratio did not show significant differ-
ences among all MI conditions (Table 5).
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Table 2. The F-wave under 30% MI condition.
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Table 5. Relative values of the F-wave under 10% MI, 30% MI, 50% MI, and 70% MI condition.

resl B MI sl
Persistence () S05+21.7 BRZx152% 483+ 198
Eid amplilude ralio % LFL L8 296+ .56 L2 1156
Taten y {imis) RA+140 249+1351 253+1.29

Wlean £ 50

=001 signilicant dilference belween rest and S0HMI wrial,

Table 6. The F-wave under 50% MI condition.

2.6.2. The F-wave during MI under 50 and 100% MVC

The persistence during MI under the 50% MI and 100% MI conditions was significantly higher
than that at rest (50% MI vs. rest and 100% MI vs. rest, p < 0.01; Tables 6 and 7), and the F/M
amplitude ratio during MI under 50% and 100% MI conditions was significantly higher than
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Table 7. The F-wave under 100% MI condition.
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Table 8. Relative values of the F-wave under 50% MI and 100% MI condition.

that at rest (50% MI vs. rest and 100% MI vs. rest, p <0.01; Tables 6 and 7). The F/M amplitude
ratio immediately after MI (at post) under the 50% and 100% MI conditions did not show any
significant differences compared with that at rest (Tables 6 and 7).

The relative values of the persistence and F/M amplitude ratio did not show significant differ-
ences between two MI conditions (Table 8).

2.7. Discussion
2.7.1. The spinal motor neuron excitability during MI of isometric thenar muscle activity

Both the persistence and the F/M amplitude ratio were significantly increased during MI
under 10, 30, 50, 70, and 100% MVC. Previous research has demonstrated that the activation
of various brain regions contributes to motor preparation and planning during MI [9, 10].
Thus, it is considered that the activation of the central nervous system that contributes to
motor preparation and planning during MI is responsible for the observed increase in spinal
motor neuron excitability via the descending pathways, such as the corticospinal and extra-
pyramidal tracts.

Furthermore, all participants in our previous studies performed MI while holding the sensor
of the pinch meter. Mizuguchi et al. [27] reported that while holding an object, the cortico-
spinal excitability during MI was modulated by a combination of tactile and proprioceptive
inputs. Thus, it is plausible that holding the pinch meter sensor during MI caused tactile
and proprioceptive perceptions to cooperatively increase the spinal motor neuron excitability
along with the MI-activated pathways.
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2.7.2. The spinal motor neuron excitability during MI under different imagined muscle
contraction strengths

Relative values of the persistence and F/M amplitude were similar among all MI conditions.
This result indicated that the magnitude of imagined muscle contraction strength may not
affect spinal motor neuron excitability. Bonnet et al. [28] reported that the H-reflex amplitude
during MI was similar between 2 and 10% MI conditions. Hale et al. [29] also reported that
the H-reflex amplitude during MI of ankle plantar flexion was similar among five (i.e., 20,
40, 60, 80, and 100% MVC) MI conditions. Similarly, Aoyama and Kaneko [30] reported that
the H-reflex amplitude during MI was similar between 50 and 100% MI conditions. Ml is the
mental representation of a movement in the absence of any overt movement [1]. The neural
mechanism that inhibits actual movement and muscle contraction during MI may be involved
in this result. Park et al. [31] reported that the MEP amplitude during MI was similar among
all six (i.e., 10, 20, 30, 40, 50, and 60% MVC) MI conditions. Furthermore, the magnitude of
primary motor cortex activity during MI did not correlate with that of the imagined muscle
contraction strength, although the activities of the supplementary motor and premotor area
during MI were strongly correlated with it [32]. The supplementary motor and premotor areas
play crucial roles in larger force generation [33], motor planning, preparation, and inhibition
[34, 35]. Thus, these areas may inhibit the actual muscle contraction depending on the magni-
tude of the muscle contraction strength. These areas are also directly connected to the primary
motor cortex, and inhibitory inputs from them may suppress additional primary motor cortex
excitation conferred by MI with high imagined contraction strengths. Therefore, the degree of
spinal motor neuron excitability during MI at various imagined muscle contraction strengths
may be modulated by both excitatory and inhibitory inputs from the central nervous system.

2.8. Conclusion

Our previous research has shown significant facilitation of the spinal motor neuron excitabil-
ity during MI of isometric thenar muscle activity. The imagined muscle contraction strength
may not be affected by the spinal motor neuron excitability. Thus, MI of isometric thenar
muscle activity under slight MVC (i.e., 10% MVC) could substantially facilitate the spinal
motor neuron excitability.

3. Does the duration of motor imagery affect the spinal motor neuron
excitability?

3.1. Purpose

We previously reported that MI can increase the spinal motor neuron excitability and that
the magnitude of imagined muscle contraction strength may not affect spinal motor neuron
excitability [23-25]. In these studies, the duration of each MI session was 1 min. Driskell et al.
[36] suggested that longer MI sessions do not always prove beneficial; they recommended a
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duration of approximately 20 min for an MI training session. Another study suggested that
MI for 10-15 min elicited the most significant effect on performance [37]. Moreover, Twinning
et al. [38] suggested that 5 min is the temporal limit beyond which it is difficult to concentrate
and perform MI. As described previously, stimulation of spinal motor neuron excitability
may be important for post-stroke rehabilitation; however, time-dependent changes in spinal
motor neuron excitability during MI have not yet been investigated. Additionally, MI ability
has a significant effect on brain activation [39] and corticospinal excitability [40]. In this study,
we used F-waves to investigate whether the duration of MI and MI ability affects the spinal
motor neuron excitability [41].

3.2. Materials

Eleven healthy volunteers participated in this research (8 males, 3 females, mean age =26.4 +
6.0 years). All participants gave written informed consent before study commencement. The study
was approved by the Research Ethics Committee at the Graduate School of Kansai University of
Health Sciences. All recordings were conducted in accordance with the Declaration of Helsinki.

3.3. Methods

The environment and F-wave recording conditions were set as previously described [23-25].
For the rest trial (rest), the F-wave was measured during relaxation for 1 min. Subsequently,
participants learned the isometric thenar muscle activity at 50% MVC for 1 min with visual
feedback. For the MI trial, participants performed the MI of isometric thenar muscle activity
under 50% MVC for 5 min. F-waves were measured at 1, 3, and 5 min after the beginning
of MI (1-, 3-, and 5-min MI, respectively). Immediately after MI, the F-wave was measured
again during relaxation (post). After F-wave recordings, participants were asked to evaluate
their vividness of MI, how vividly they could imagine isometric thenar muscle activity at
50% MVC, at 1, 3, and 5-min using a seven-point Likert scale ranging from 1 (very difficult to
perform MI vividly) to 7 (very easy to perform MI vividly).

Background electromyography (EMG) was recorded using telemetry EMG (MQ-8, Kissei
Comtec Co., Ltd., Japan) and EMG recording software (Vital Recorder 2, Kissei Comtec Co.,
Ltd.). Surface EMG signals were recorded for 5 min from the left thenar muscles to confirm no
muscle contractions during MI. A pair of disposable Ag/AgCl electrodes (Blue Sensor N-00-S,
Ambu A/S, Denmark) were placed over the muscle surface with an inter-electrode distance
of 20 mm. EMG signals were recorded at rest; at 1, 3, and 5 min of MI; and post-trial. The
recorded EMG data were analyzed using a multi-purpose biological information analysis sys-
tem (BIMUTAS-Video, Kissei Comtec Co., Ltd.) after analog to digital conversion at a sampling
frequency of 1 kHz. The root mean square values of the EMG data in each trial were then
calculated.

3.4. Statistical analysis

We used a nonparametric method because the normality of F-wave data was not confirmed
using the Shapiro-Wilk test. The persistence and F/M amplitude ratio among five trials (rest,
1, 3, 5-min MI, and post, respectively) were compared using the Friedman test and Scheffe’s
post hoc test. The rating scores of MI vividness at 1, 3, and 5-min MI were compared using
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the Friedman test and Scheffe’s post hoc test. The SPSS statistics ver. 19 (IBM Corp., USA) was
used for statistical analysis. The threshold for statistical significance was set at p = 0.05.

3.5. Results

In Figure 1 it is possible to verify that persistence and F/M amplitude ratio were significantly
facilitated until 3 min from the beginning of MI task.

The score of MI vividness at 5-min MI was significantly decreased compared to 1-min MI
(*p <0.05; Table 9).

There were no significant differences in the RMS data among five trials, and thus there was no
measurable muscle activity during MI for 5 min.

3.6. Discussion

Both persistence and F/M amplitude ratio were significantly higher until 3 min from the beginning
of ML This result may suggest that participants could perform MI for at least 3 min without
much difficulty. However, there were no significant differences in persistence and F/M ampli-
tude ratio between the at rest and 5-min MI conditions. Additionally, the F/M amplitude ratio
for the 5-min MI conditions was significantly lower than that for 1- and 3-min conditions. These
findings may be due to mental fatigue; in one study, mental fatigue was found to have altered
the maximal force production of the elbow flexor [42]. It also made it difficult for participants
to maintain their focus on imagined movement [43]. Furthermore, repetitive MI of a handgrip
movement decreased the MEP amplitude more than that at rest [44]. Thus, mental fatigue caused
by sustained mental activity may have induced a decline of the spinal motor neuron excitability.

Furthermore, a decline of spinal motor neuron excitability can be also explained by MI
habituation. MI is closely related to attentional processing [45]. Brain activation decreases
by habituation after performing a cognitive motor task for 10 min. Furthermore, the cortico-
spinal excitability was also decreased by habituation [46]. Specifically, brain activity showed
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Figure 1. Changes in persistence and F/M amplitude ratio during MI for 5 min (*p < 0.05, **p < 0.01). The persistence at
1 and 3 min MI was significantly higher than that at rest. The F/M amplitude ratio at 1 and 3 min MI was significantly
higher than that at rest. Additionally, the F/M amplitude ratio at 5 min MI was significantly smaller than that at 1 and
3 min ML
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Table 9. Rating scores of MI vividness at 1-min MI, 3-min MI, and 5-min ML

an increase at 2 min before the onset of the task; however, after 4-6 min, activity decreased.
Additionally, at the spinal level, the T-reflex amplitude, another index of the spinal motor
neuron excitability, was significantly decreased due to habituation following sustained mental
work for 20 min [47]. Our results also seemed to indicate that habituation to MI might occur
approximately 4 min after its initiation and suggested that longer excitation times during MI
might not be required for habituation of the central nervous system and spinal motor neurons.

Finally, practice time and MI ability were considered as possible factors affecting spinal motor
neuron excitability. Regarding clinical use of MI for motor skill learning, Twining et al. [38]
indicated that participants found it difficult to concentrate and perform MI for more than
5 min. Mental chronometry measured similar times for actual performance and MI [48].
Specifically, participants experienced difficulties in performing MI accurately beyond the
practice time. In our study, the practice time for the motor task was only 1 min; thus, 1 min of
practice time may be insufficient to continue performing MI for 5 min. Indeed, the vividness
of MI tended to decrease with MI time. Furthermore, the vividness of MI at 5 min post MI
initiation was significantly decreased relative to that at 1 min post Ml initiation.

3.7. Conclusion

The persistence and F/M amplitudes at 1- and 3-min MI were significantly increased; how-
ever, the persistence and the F/M amplitude ratio at 5-min MI were reduced to rest levels.
Thus, MI for 1-3 min may positively affect the spinal motor neuron excitability. In physical
therapy, the duration of MI should be considered. As described in the Discussion section,
matching the time of task practice to that of MI might be important. However, in this study,
we did not investigate time-dependent changes of the spinal motor neuron excitability after
motor learning for 5 min. Therefore, further research is required to resolve this issue. A limita-
tion of this research is that differences in the brain activity during MI under 10, 30, 50, 70, and
100% MVC were not evaluated. Further study would be required to resolve this issue.

4. Imagery strategy affects the spinal motor neuron excitability:
using kinesthetic and somatosensory imagery

4.1. Purpose

Previous research has demonstrated that MI increases the spinal motor neuron excitability and
that the magnitude of imagined contraction strength may not affect it [23-25]. Additionally,
the duration of MI should be considered in physical therapy [41].
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MI includes various components of perception that can be associated with actual movement
[49], which is why the effects of MI may differ depending on the choice of sensory modality.
Here, we used F-wave and MI ability to investigate whether the choice of imagery strategy
affects the spinal motor neuron excitability [50].

4.2, Materials

Fourteen healthy volunteers participated in this research (10 males, 4 females, mean
age =23.4+4.8 years). All participants gave written informed consent before study commence-
ment. The study was approved by the Research Ethics Committee at the Graduate School of
Kansai University of Health Sciences. All recordings were conducted in accordance with the
Declaration of Helsinki.

4.3. Methods

The environment and F-wave recording conditions were set as previously described [23-25,
41]. To determine the baseline of the spinal motor neuron excitability, the F-wave was mea-
sured during relaxation for 1 min (rest). Subsequently, participants exerted isometric left
thenar muscle contraction at 50% MVC for 1 min with visual feedback. Simultaneously,
participants were instructed to learn the two imagery strategies: somatosensory (tactile and
pressure perception of thumb finger pulp during pressing of the sensor of the pinch meter)
and kinesthetic (thenar muscle contraction during pressing of the sensor of the pinch meter
at 50% MVC). After learning each imagery strategy, participants performed somatosensory
imagery (SI), kinesthetic imagery (KI), and combined somatosensory and kinesthetic imagery
(SKI) randomly for 1 min. In SKI trial, participants performed kinesthetic and somatosensory
imagery simultaneously. After all the F-wave recording, participants were asked to evaluate
difficulty of each imagery strategies by using a 5-point Likert scale, ranging from 1 (very hard
to image vividly) to 5 (very easy to image vividly).

Background electromyography (EMG) was recorded during rest and three imagery trials.

4.4. Statistical analysis

We used a nonparametric method because the normality of F-wave data was not confirmed
using the Shapiro-Wilk test. The persistence and F/M amplitude ratio among four trials (rest,
SI, KI, and SKI, respectively) were compared using the Friedman test and Scheffe’s post hoc
test. The rating scores of each imagery strategies (SI, KI, and SKI, respectively) were com-
pared using the Friedman test and Scheffe’s post hoc test. The background EMG data were
compared using the Friedman test. The SPSS statistics ver. 19 (IBM Corp., USA) was used for
statistical analysis. The threshold for statistical significance was set at p = 0.05.

4.5. Results

The persistence during SI and KI were significantly higher than that at rest (**p < 0.01;
Figure 2). The persistence during SKI was tended to be increased than that at rest (p = 0.097;
Figure 2). The F/M amplitude ratio during KI was significantly higher than that at rest
(*p <0.05; Figure 2).
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Figure 2. Changes in persistence and F/M amplitude ratio during SI, KI, and SKI (*p < 0.05, **p < 0.01). The persistence
during SI and KI was significantly higher than that at rest. The persistence during SKI was tended to be increased than
that at rest. The F/M amplitude ratio during KI was significantly higher than that at rest.
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Table 10. Rating scores of MI vividness during SI, KI, and SKI.

The rating score of SKI vividness was significantly lower than that at rest (*p < 0.05; Table 10).

There were no significant differences in the background EMG data among four trials (rest, SI,
KI and SKI, respectively), and thus there was no measurable muscle contraction during three
imagery trials.

4.6. Discussion

Both persistence and F/M amplitude ratio were significantly higher than the corresponding
at-rest values. Previous neurophysiological studies reported that various regions of the brain
related to motor functions were activated [9, 10] and that the MEP amplitude was significantly
increased during KI [11, 13]. Thus, it seems that the central nervous system can better stimu-
late spinal motor neuron excitability via the descending pathways.

The persistence during SI was significantly higher than that at rest. This result was unex-
pected. We previously hypothesized that the spinal motor neuron excitability would remain
unchanged because there are no motor-related factors in SI. Furthermore, there are no pre-
vious reports of tactile and proprioceptive perception SI increasing the corticospinal excit-
ability including that of the primary motor cortex. Thus, it may be difficult to increase the
spinal motor neuron excitability by SI. However, it is possible for SI to include kinesthetic
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components. Participants in this research were asked to imagine tactile and pressure per-
ception while holding the pinch meter sensor between their thumb and index finger. Thus,
they might have unintentionally imagined tactile and pressure perception along with thenar
muscle activity.

The persistence during SKI tended to be increased as compared to that at rest. The rating score
of SKI vividness was the lowest among the three imagery strategies. These results indicate that
participants may not be able to perform SKI as vividly as the other two strategies. In this study,
participants were required to pay attention to kinesthetic and somatosensory perceptions
simultaneously. The decline in the amount of attention that can be allocated to each imagery
strategy may have made it difficult for the participants to perform SKI vividly. Indeed, there
was a positive correlation between the corticospinal excitability and MI vividness [40].

4.7. Conclusion

From the result of this research, KI may be a more effective imagery strategy, which can
increase the spinal motor neuron excitability. Thus, the imagery strategy should be consid-
ered in physical therapy. Also, the spinal motor neuron excitability during SI was significantly
increased. However, the mechanism that SI increases spinal motor neuron excitability is
unclear. As a limitation of this research, we did not investigate brain activity during SI. Further
research will be required to resolve this limitation.

5. How to use MI in physical therapy?

Our research indicates that MI of the isometric thenar muscle activity can increase spinal
motor neuron excitability [22-25, 41, 50]. After a stroke or a spinal cord injury, the excitability
of the central nervous system decreases due to various factors, including the damage of neural
substrates, loss of sensory inputs, and disuse of affected limbs [51]. Additionally, corticospi-
nal excitability decreases following a decline in the size and number of corticospinal neurons
[52]. Furthermore, decline of spinal motor neuron excitability was shown in the post-stroke
acute phase [7, 53]. Thus, it may be important to stimulate corticospinal excitability, including
that of the spinal motor neurons, as soon as possible. Patients in an early postoperative and
post-stroke stage have difficulties in performing physical activities. However, considering
the characteristics of MI, it can be a beneficial method to stimulate spinal motor neuron excit-
ability without any overt movement and muscle contraction.

Furthermore, MI can improve not only the spinal motor neuron excitability but also various
motor functions. Yue et al. [54] indicated that MI under 100% MVC for 4 weeks can increase
the muscle strength of little finger abduction. Additionally, Sidaway et al. [55] indicated that
MI under 100% MVC for 4 weeks can increase muscle strength of ankle dorsiflexion. About
these results, Grosprétre et al. [56] considered that MI may strengthen brain-to-muscle com-
munication, including the enhanced recruitment of spinal motor neurons and involvement
of the descending command. Although other groups [54, 55] adopted maximal imagined
muscle contraction strengths for MI training, our results [23-25] revealed that the magnitude
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of imagined muscle contraction strength did not affect spinal motor neuron excitability. Thus,
low (i.e., 10% MVC) imagined muscle contraction strengths might be sufficient for stimulation
of spinal motor neuron excitability and muscle strength. Our research [25, 41, 50] also revealed
that kinesthetic imagery can better stimulate spinal motor neuron excitability and that spinal
motor neuron excitability remained higher than the at-rest value until 3 min after MI initia-
tion. Therefore, to increase the effects of MI, kinesthetic perception should be chosen as the
imagery strategy. Additionally, the duration of each MI session should be less than 3 min.

In conclusion, MI can increase the spinal motor neuron excitability, and its effect would be
changed depending on the duration and strategy of imagery. Thus, the duration and strategy
of imagery should be considered in clinical settings.
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Abstract

Parkinson’s disease has been considered one of the most important and common neuro-
degenerative diseases in the world. Its motor and nonmotor signs determine a huge func-
tional loss, leading the individuals to lose their independence. Although the treatment
requires a pharmacological approach, physical therapy has confirmed its importance in
this process. Today, neurorehabilitation is indispensable to increase many of the cardinal
signs of the disease. Using traditional or technological approaches, physical therapy has
reached good results in improving motor and nonmotor functions, as well as the quality
of life of Parkinsonians. However, it is important to develop and to fortify the physical
therapy approach so that we can provide stronger evidence about our practice.

Keywords: Parkinson’s disease, rehabilitation, physical therapy

1. Introduction

In this chapter, we will discuss some important topics about Parkinson’s disease (PD), a pro-
gressive and neurodegenerative disease, that is characterized by many motor and nonmotor
symptoms and with wide-reaching implications for patients and their families [1, 2]. It is
neuropathologically characterized by nigrostriatal cell loss and the presence of intracellular
a-synuclein-positive inclusions called Lewy bodies [3].

It is the most common movement disorder with approximately 1-2% of the population over
65 years of age suffering from PD. This percentage increases in people of 85 years of age and
older, about 3-5% [3]. According to the World Health Organization, 6.1 million individuals
have Parkinson’s disease globally [4]. Some authors have shown that the burden of Parkinson’s
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disease has more than doubled over 26 years worldwide, from 2.5 million patients in 1990 to
6.1 million patients in 2016. So, we can expect that the trend will continue in the next 30 years
having approximately more than 12 million individuals suffering from PD [5]. In 2016, there
were 211,296 estimated deaths caused by Parkinson’s disease [4].

PD is characterized mainly by four motor symptoms: resting tremor, bradykinesia, rigidity,
and postural instability [1] with balance decrements and gait disruption [2]. It may present
problems in performing personal activities of daily living, such as eating, drinking, cutting
food, walking in the neighborhood, and writing [6].

The diagnosis of PD is based on medical history and a neurological examination since there
are no blood tests, laboratory tests, or imaging examinations that have been proven to help in
diagnosing PD [7], and its treatment is based on a pharmacological approach. The main ther-
apy is based on levodopa and dopamine agonists and is very successful in the early stages of
the disease, when dopaminergic symptoms and signs are predominant and long-term motor
complications still have not developed [8].

The traditional classification and disease progression of Parkinson’s disease (PD) ori-
ent toward disease milestones that can be most obviously followed along motor domains.
However, diverse nonmotor domains, quality of life, psychosocial burden, and stigma have
been used as important domains for the course of PD and the outcome parameters of clinical
trials [9].

At present, there is no cure for PD, but a variety of medications provide relief from the symp-
toms. Individuals who are affected usually are given levodopa combined with carbidopa.
Levodopa helps in at least three-quarters of Parkinsonian cases; however, not all symptoms
respond equally to the drug. Bradykinesia and rigidity respond best, while tremor may be only
marginally reduced. Problems with balance and other symptoms may not be alleviated at all [7].

In this scenario, physiotherapy has a significant importance in a multidisciplinary team
focused on the rehabilitation of individuals with PD, with the purpose of maximizing func-
tional ability and minimizing secondary complications through movement rehabilitation
within a context of education and to support the person as a whole [10].

The main focuses of physiotherapy for individuals with PD are transfers, posture, upper limb
function, balance (and falls), gait, and physical capacity and activity. Physiotherapy also uses
cueing strategies, cognitive movement strategies, and exercises to maintain or to increase
independence, safety, and quality of life. The traditional and new strategies will be addressed
in this chapter [10].

2. Pathophysiology of PD

Physiologically, the symptoms associated with Parkinson’s disease are the result of the loss of
a number of neurotransmitters, most notably dopamine. It is characterized neuropathologi-
cal by nigrostriatal cell loss and the presence of intracellular a-synuclein-positive inclusions
called Lewy bodies [3, 11]. All these alterations change the function of the basal ganglia sys-
tem, resulting in Parkinson’s main movement disorders.
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Figure 1. A schematic view of the functional anatomy of the basal ganglia. There are the normal direct and indirect
pathways (panel a) and the alteration of direct and indirect pathways in Parkinson’s disease (panel b). Modified from
Magrinelli et al. [8] and Nitrini and Bacheschi [12].

Cell loss in the substantia nigra occurs in a region-specific manner, with the lateral ventral tier of
the pars compacta being most affected. It is estimated that at least 50% of the nigral neurons must
degenerate to produce symptoms, and, at autopsy, most cases show more than 80% reduction [8].

The basic basal ganglia circuitry and the balance between the direct and indirect striatal
pathways provide a simple heuristic model for PD’s main signs. According to this model,
the pathophysiological hallmark of PD, hypokinetic signs are the prevalence of the indirect
pathway over the direct one, consequently, resulting in increased neuronal firing activity in
the output nuclei of the basal ganglia and leading to excessive inhibition of thalamocortical
and brainstem motor systems, interfering with normal speed of onset movement and execu-
tion. On the other hand, overactivity in the direct pathway and imbalance with the indirect
one may cause reduced inhibitory basal ganglia output and result in reduced basal ganglia
filtering and parallel facilitation of multiple movement fragments. (See Figure 1) [8].

Another important region that has been linked to physiopathology of PD is the cerebellum.
Its reciprocal connections with basal ganglia, especially with striatum and external segment
of the globus pallidus, strengthens the hypothesis that it plays a role in the pathogenesis of
some PD symptoms and signs [8].

Histopathology alterations can be described in this pathophysiological situation. There usu-
ally can be seen some histological characteristics not just in nerve tissue. The most important
marker is called Lewy bodies. They are made of a protein called alpha-synuclein, which, in a
healthy brain, plays a number of important roles in neurons, especially at synapses [13].

Lewy bodies can be found in many regions of the brain and some reports have suggested that
the substantia nigra is not the first place where they form in Parkinson’s disease [14].

Neither cell loss nor the formation of Lewy bodies is absolutely specific for PD, but both
are required for a diagnosis of PD under current definitions. Additionally, it's necessary to
consider that not all affected neurons in PD are dopaminergic. An example to be cited is the
cholinergic neurons from the dorsal vagal nucleus. This variety of regions has been suggested
to be responsible for the complex clinical picture in PD [13].
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This pathophysiological situation seems to be multifactorial. It can be considered by genetic
factors, inflammation, immune response, and environmental elements [14].

While having a family member with PD may increase a person’s risk, PD is not normally
considered a genetic disease. Variants in three genes (SNCA, UCHL 1, and LRRK 2) have been
reported in familial PD. Mutations in three other genes (PARK 2, PARK 7, and PINK 1) have
been found in sporadic PD [14, 15].

On the other hand, large population studies have suggested that individuals taking nonste-
roidal anti-inflammatory drugs (NSAIDs) have less risk of developing idiopathic PD, which
suggests that anti-inflammatory drugs may be a promising disease-modifying treatment for
Parkinsonian patients [16].

Some reports have provided direct evidence of interactions between a-synuclein and envi-
ronmental agents. Some options described in the literature are heavy metals (iron, copper,
manganese, lead, and mercury), pesticides (including insecticides and herbicides), and illicit
substances (amphetamine, methamphetamine, and cocaine) [17].

In a review, Di Monti et al. [18] describe some possibilities of multiple events and interactive
mechanisms possibly responsible for alpha-synuclein alterations. These may include (i) the syner-
gistic action of endogenous and exogenous toxins, (ii) the interactions of toxic agents with endog-
enous elements (e.g., the protein a-synuclein), (iii) the tissue response to an initial toxic insult, and
(iv) the effects of environmental factors on the background of genetic predisposition and aging.

It's important to explain that the symptoms of Parkinson’s disease sometimes can be seen
outside the disease itself. In these cases, we call this clinical condition of parkinsonism, also
known as “atypical Parkinson’s,” “secondary Parkinson’s,” or “Parkinson’s syndrome.”
Parkinsonism often has an identifiable cause, such as exposure to toxins, methamphetamine,
trauma, multiple strokes, other nervous system disorders, or illness. Generally, Lewy bodies

are not seen in parkinsonism [14].

3. Parkinson’s clinical signs, diagnosis, and rating scales

The three clinical motor cardinal signs of PD, a-/hypo-/bradykinesia, rest tremor, and rigid-
ity, are directly related to the degeneration of dopaminergic neurons. However, other motor
symptoms and signs, secondary to degeneration of nondopaminergic pathways, can be
described such as loss of postural control, postural stability/balance, and gait disturbance.
In addition, the most well-known nonmotor characteristic motor symptoms have also been
described. There can be additional psychiatric and autonomic features found, as well as cog-
nitive impairment, sleep disorders, olfactory dysfunction, and pain.

3.1. Clinical motor cardinal signs

1. A-/hypo-/bradykinesia: These terms are defined, collectively, as slowed voluntary move-
ment. Separately, akinesia indicates the absence of voluntary movement, while hypokinesia
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means smaller movements, and bradykinesia refers to slowness of movement. They usu-
ally determine any impairment in fine motor movements, facial expression (hypomimia),
monotonic and hypophonic speech with a reduction of speed, and general motion ampli-
tude. This can have an important impact in functional skills like arm swinging when walk-
ing, raising from a chair, handwriting, and general gesturing [14, 19].

This cardinal sign is one of the best that emerges from its origin of dysfunction, which is cited
in this chapter (see Figure 1). It has been determined especially by a characteristic involving
the movement programming of the cerebral cortex, in particular the supplementary motor
area [8, 19].

It is possible to find two modulations of this cardinal sign of Parkinson’s disease: freezing
phenomenon and kinesia paradoxa. In the first one, the individual presents a sudden and tran-
sient motor block, mainly in the lower limbs during walking. This may include start hesitation,
hesitation, or inability to move through the presence of contradictory visual cues (floors with
different colors and small steps), when there is a need to change direction of gait or be still in
open spaces. The second one, kinesia paradoxa, occurs under certain emotional circumstances
where the patient is able to exhibit a sudden brief period of mobility (walking or even running
and catching a ball). This phenomenon shows that, even though individuals with Parkinson’s
disease have their motor programs intact, the disease prevents them from accessing them in
the correct way, requiring external stimuli for this to happen even if done poorly [19, 20].

2. Rest tremor: this sign is usually asymmetric, consisting of alternate contractions of ago-
nist and antagonist muscles, including flexors, extensors, pronators, and supinators of the
wrists and arms, resulting in the “pill rolling” movement of the hand. It has a medium
frequency (3 to 6 Hz) and tends to disappear with action. The legs, lower jaw, or head may
also be involved, resulting in an adduction-abduction movement of the lower limbs and
yes-yes or no-no motion in the head [8, 21].

The pathophysiology of rest tremor is largely unknown. Clinical-pathological studies have
demonstrated that patients with PD and prominent tremor have dysfunction of a subgroup of
midbrain (A8) neurons and its magnitude seems to not be related to dopamine deficiency [8, 19].

3. Rigidity: it is a type of increase in muscle tone (also called plastic hypertonia), generally
defined as an increased resistance to passive movement of a joint. Rigidity is more evident
in the flexor muscles of the trunk and limbs and may be enhanced by voluntary movement.
However, its presence usually determines a characteristic of stooped posture. Two types of
rigidity can be described: cogwheel rigidity refers to resistance that stops and starts at the
limb, the limb is moved through its range of motion, and it is the result of coexisting rigid-
ity and tremor; lead-pipe rigidity is defined as a constant resistance to motion throughout
the entire range of movement [8, 14].

It is unclear how rigidity is associated with dopamine deficiency and basal ganglia dysfunc-
tion. Nevertheless, evidence suggests that this cardinal sign has its pathogenesis in the passive
mechanical properties of joints, tendons, and muscles, and spinal and supraspinal reflexes,
which together determine an increased response to peripheral stimulation and an increased
muscle elongation response [8].
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3.2. Additional motor signs

1. Posture disturbances: individuals with Parkinson’s disease usually develop abnormal
axial postures as a result of bradykinesia, rigidity, and resting tremor. This abnormality
leads to a flexed general posture, with hip and knee flexion, accompanied by shoulder
and even elbow flexion. In the long term, this posture disturbance can determine severe
postural deformities such as antecollis, scoliosis, camptocormia, and Pisa syndrome.
Little is known about the cause of these deformities, which makes it unresponsive to
most treatments [8, 19].

2. Postural instability balance and gait disturbances: postural instability and gait disturbances
usually occur during the course of PD, generally being manifestations of the late stages of
the disease. They represent a therapeutic challenge, since they show little change through
traditional pharmacological treatment using dopaminergic drugs. These two impairments,
especially if associated with the freezing phenomenon, are the most common cause of falls
and fractures in Parkinsonians [19, 22].

One of the most important causes for these signs is the poor ability to integrate visual, ves-
tibular, and proprioceptive inputs associated with a failure to activate central motor programs
and their interaction with the mechanisms of sensitive feedback. Postural instability and gait
disturbances have been associated with an akinetic-rigid syndrome, as well as an increased
incidence of nonmotor features [8, 22].

3. Other signs and symptoms: in addition to the most important signs of Parkinson’s disease,
some other motor signs can be found, such as dysarthria, hypophonia, dysphagia, and
sialorrhea. These signs occur as a result of bulbar dysfunction and as a result of orofacial-
laryngeal bradykinesia and rigidity. We can still find some neuro-ophthalmological signs
such as a decreased blink rate and blepharospasm, among others. Other important distur-
bances are linked with the respiratory system and usually contribute strongly to morbidity
and mortality in PD. The obstructive or restrictive respiratory complications are probably
due to the presence of the rigidity present in the trunk area [19].

3.3. Nonmotor signs and symptoms

The current literature suggests there is a prodromal or premotor stage of Parkinson’s disease
before the onset of motor symptoms. Nonmotor signs and symptoms of Parkinson’s disease
include cognitive, neuropsychiatric, sleep, autonomic, and sensory dysfunctions, which are
typically not treated by the dopaminergic therapy. Patients who go on to develop Parkinson’s
disease commonly have experienced depression, constipation, anosmia, and rapid eye move-
ment sleep behavior disorder in the years preceding their diagnosis. So, the presence of non-
motor features has contributed during the diagnosis process of Parkinson’s disease. However,
if these nonmotor signs were not evaluated well enough during the diagnostic process, they
may delay the diagnosis [23, 24].

More specifically, there can be subtle cognitive deficits found affecting attentional, executive,
visuospatial, and memory functions. Neuropsychiatric symptoms are also common and include
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depression, anxiety, apathy, and psychosis. Autonomic dysfunction can manifest as urinary
frequency or urgency, constipation, orthostatic hypotension, drooling, erectile dysfunction, or

Neuropsychiatric symptoms

Sleep disorders

Autonomic symptoms

Gastrointestinal symptoms

Depression

Dementia

Anxiety

Anhedonia

Apathy

Psychosis (hallucination and delusion)
Cognitive dysfunction

Attention deficit
Off-period-related panic attacks
Confusion

Insomnia

Excessive daytime sleepiness
Nonrapid eye movement sleep-related movement disorders
Sleep-disordered breathing
Periodic limb movement disorder
Rapid eye movement sleep behavior disorder
Vivid dreaming

Restless legs syndrome

Urgency

Frequency

Orthostatic hypotension
Nocturia

Erectile dysfunction

Sweating

Dribbling of saliva

Ageusia

Nausea

Dysphagia

Reflux and vomiting
Constipation

Diarrhea

Fecal incontinence

Unsatisfactory voiding of bowel
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Sensory symptoms Primary pain
Secondary pain
Fluctuation-related pain
Paresthesia
Olfactory disturbance
Visual dysfunction
Other symptoms Fatigue
Ankle swelling
Nonmotor fluctuations

Blurred vision

Table 1. Nonmotor signs and symptoms of Parkinson’s disease [23-25].

abnormal sweating. These clinical manifestations can have a substantial impact on the patient’s
quality of life [25]. We can see a long list of nonmotor signs and symptoms in Table 1.

Some of the most important nonmotor signs and symptoms for physiotherapists, which
require special attention, are fatigue, pain, urinary bladder control, and anal sphincter con-
trol. We will discuss how physical therapy functions with these aspects of the disease later in
this chapter.

3.4. Diagnosis of Parkinson’s disease

During the diagnostic process of Parkinson’s disease, one of the first components to be estab-
lished is the presence of “parkinsonism.” This clinical condition is established by the presence
of the cardinal signs of the disease, of which bradykinesia is an indispensable criterion jointly
with one of the other two signs [25], associated and exclusionary symptoms, atypical features
in the history and on examination, and response to levodopa.

The presence of nonmotor features is important, as these may be prominent even early in the
disease’s course. Some diagnostic criteria have been developed by some organizations like the
UK Parkinson’s Disease Society Brain Bank, the National Institute of Neurological Disorders
and the Stroke (NINDS), and Movement Disorder Society. All of them ask for the presence of
the cardinal signs, the application of exclusion criteria and some supportive criteria [25, 26].
They can be consulted in Table 2.

However, the reliability and validity of them have not been clearly established. In this way,
it is common to have a misdiagnosis of Parkinson’s disease. The most common causes of
misdiagnosis that are described in literature are Alzheimer’s disease, essential tremor, and
vascular parkinsonism. It should be remembered that rigidity, bradykinesia, and gait dis-
turbance can be found during normal aging period or can be determined by other medical
conditions of aging [25, 27, 28].
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United Kingdom
Parkinson’s Disease Society
Brain Bank’s

National Institute of Neurological
Disorders and Stroke (NINDS)

Movement Disorder Society

Step 1

Step 2

Step 3

Bradykinesia

At least one of the following
criteria:

Rigidity

4-6 Hz rest tremor

Postural instability not
caused by primary visual,
vestibular, cerebellar, or
proprioceptive dysfunction

Exclude other causes of
parkinsonism

At least one of the following
supportive (prospective)
criteria:

Unilateral onset

Rest tremor

Progressive disorder

Persistent asymmetry
primarily affecting side of
onset

Excellent response
(70-100%) to levodopa

Group A features (characteristic of
Parkinson’s disease)

Resting tremor

Rigidity

Asymmetric onset

Group B features (suggestive of
alternative diagnoses)

Features unusual early in the
clinical course

Prominent postural instability in
the first 3 years after symptom onset

Freezing phenomenon in the first
3 years

Hallucinations unrelated to
medications in the first 3 years

Dementia preceding motor
symptoms or in the first year

Supranuclear gaze palsy (other
than restriction of upward gaze) or
slowing of vertical saccades

Severe, symptomatic
dysautonomia unrelated to
medications

Documentation of condition
known to produce parkinsonism and
plausibly connected to the patient’s
symptoms (such as suitably located
focal brain lesions or neuroleptic use
within the past 6 months)

Criteria for definite Parkinson’s
disease

All criteria for probable
Parkinson’s are met and

1.

2.

d.

-

3.

Diagnosis of parkinsonism

Bradykinesia, plus one of

Tremor

Rigidity

Exclusion criteria

Cerebellar abnormalities

Supranuclear gaze palsy

Diagnosis of behavioral variant
of frontotemporal dementia or
primary progressive aphasia
within 5 years of disease onset

Parkinsonian features restricted
to the lower limbs for more than
3 years

Treatment with a dopamine
receptor blocker or dopamine-
depleting agent consistent with
drug-induced parkinsonism

Absence of a response to high-dose
levodopa despite at least moderate
disease severity

Cortical sensory loss, clear limb
ideomotor apraxia, or progressive
aphasia

Normal function imaging of the
dopaminergic system ("DAT scan")

Diagnosis of alternative condition
causing parkinsonism that could be
causing the symptoms

Supportive criteria

(Continued)
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United Kingdom

Parkinson’s Disease Society

Brain Bank’s

National Institute of Neurological
Disorders and Stroke (NINDS)

Movement Disorder Society

Severe levodopa-induced

chorea (dyskinesia)

Levodopa response for 5

years or more

Clinical course of 10 years

Oor more

Histopathological confirmation of
the diagnosis is obtained at autopsy

Criteria for probable PD

At least three of the four features
in group A are present and

None of the features in group B
is present (note: symptom duration
> 3 years is necessary to meet this
requirement) and

Substantial and sustained
response to levodopa or a dopamine
agonist has been documented

Criteria for possible Parkinson’s
disease

At least two of the four features in
group A are present; at least one of
these is tremor or bradykinesia and

Either none of the features in
group B is present or symptoms
have been present < 3 years and
none of the features in group B is
present and

Either substantial and sustained
response to levodopa or a dopamine
agonist has been documented or the
patient has not had an adequate trial
of levodopa or a dopamine agonist

. Clear beneficial response to

dopaminergic therapy

Presence of levodopa-induced
dyskinesia

Rest tremor of a limb

The presence of either olfactory
loss or cardiac sympathetic
denervation on MIBG scintigraphy
(although the latter is rarely done
in current practice)

4. Red flags

y.

Z.

Rapid progression of gait
impairment leading to wheelchair
use within 5 years

Absence of progression of motor
symptoms over 5 years, unless
related to treatment

Early bulbar dysfunction

Inspiratory respiratory dysfunction

Severe autonomic failure within
the first 5 years of disease

Recurrent falls because of impaired
balance within 3 years of onset

. Disproportionate anterocollis or

contractures within 10 years of
disease onset

Absence of any of the common
nonmotor features despite 5 years
of disease

Unexplained pyramidal signs

Bilateral symmetrical parkinsonism

For the diagnosis of clinically
established Parkinson’s disease
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United Kingdom National Institute of Neurological =~ Movement Disorder Society
Parkinson’s Disease Society Disorders and Stroke (NINDS)
Brain Bank’s

27. Parkinsonism

28. Absence of exclusion criteria

29. At least 2 supportive criteria

For the diagnosis of clinically probable
Parkinson’s disease

30. Parkinsonism
31. Absence of exclusion criteria

32. Balanced numbers of supportive
criteria and red flags

Table 2. Options of diagnostic criteria for Parkinson’s disease.
3.5. Rating scales for Parkinson’s disease

A rating scale is a means of providing information on a particular feature by assigning a value
to it. Parkinson’s rating scales are a means of assessing the symptoms of the condition. They
provide information on the course of the condition and/or assess quality of life. They may also
help to evaluate treatment and management strategies, which can be useful to researchers,
medical doctors, physiotherapists, and other healthcare professionals, as well as to people
with Parkinson’s and their caregivers [29].

In Parkinson’s disease, there are a number of rating scales used. Often, more than one scale
is used to give a broader picture of symptoms. The most important and used rating scale
for this disease is the Unified Parkinson’s Disease Rating Scale (UPDRS). The scale has three
sections that evaluate key areas of disability, together with a fourth section that evaluates any
complications of treatment, as shown below:

Part 1: Nonmotor experiences of daily living
Part 2: Motor experiences of daily living
Part 3: Motor examination

Part 4: Motor complications

The UPDRS features sections that require independent completion by people affected by
Parkinson’s and their caregivers, and sections to be completed by the clinician. The UPDRS
is often used with two other Parkinson’s rating scales: The Hoehn and Yahr, and the Schwab
and England Activities of Daily Living (ADL) scales [20, 30].

In Table 3, there is a list of rating scales available and recommended by the European
Parkinson’s Disease Association and by the International Parkinson and Movement Disorder
Society [29, 30].
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MDS-owned rating scales

The European Parkinson’s Disease Association (EPDA)

Global assessment scale for Wilson’s disease
Global dystonia scale

MDS-unified Parkinson’s disease rating scale
(MDS-UPDRS)

Modified bradykinesia rating scale

Nonmotor symptoms scale (NMSS)

Nonmotor symptoms questionnaire (NMSQ)
PKAN disease rating scale (PKAN-DRS)

Quality of life essential tremor questionnaire
Rating scale for psychogenic movement disorders
Rush dyskinesia rating scale

Rush video-based tic rating scale

UFMG Sydenham's Chorea Rating Scale (USCRS)
Unified dyskinesia rating scale (UDysRS)

Unified dystonia rating scale (UDRS)

Unified multiple system atrophy rating scale (UMSARS)

Unified Parkinson's disease rating scale (UPDRS)
Hoehn and Yahr scale

Schwab and England activities of daily living (ADL) scale

PDQ-39

PD NMS questionnaire

NMS survey

Parkinson’s disease composite scale
King's PD pain scale

Parkinson's disease sleep scale-PDSS-2
Lindop Parkinson's assessment scale
Short-form 36 (SF-36)

Sickness impact profile (SIP)
Mini-mental state examination (MMSE)
Montreal cognitive assessment scale (MoCa)

Caregiver strain index (CSI)

Note: Based on the European Parkinson’s Disease Association [29] and International Parkinson and Movement Disorder

Society [30] websites.

Table 3. Recommended rating scales for Parkinson’s disease.

It is important to note that many of these scales and questionnaires are owned and licensed
by some organization. Hence, it is necessary to require a rating scales permission request form
before working with them.

In a nonclinical way, Braak and coworkers [31] proposed staging procedures of the pathol-
ogy of Parkinson’s disease, based on central nervous system involvement. Their proposal has
six stages:

Stage 1: Premotor period in which typical pathological changes, Lewy neurites, and Lewy
bodies spread from the olfactory bulb and vagus nerve to lower brainstem regions (medulla
oblongata and pontine tegmentum).

Stage 2: Additional lesions in the raphe nuclei and gigantocellular reticular nucleus of the
medulla oblongata, locus coeruleus in the pontine tegmentum.

Stage 3: The symptomatic period when pathological changes involve the midbrain including
substantia nigra pars compacta, basal nuclei of Meynert. Structures affected in stages 1 and 2
develop more Lewy bodies.
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Stage 4: Severe dopaminergic cell destruction in the pars compacta with additional mesocor-
tex and allocortex involvement, especially seen in amygdala and subnuclei of the thalamus.

Stage 5: There are initial changes in neocortex (cortical lobes). Cellular death can be seen in
the substantia nigra, the dorsal motor nucleus of the vagus nerve, the gigantocellular reticular
nucleus, and the locus coeruleus.

Stage 6: Neocortex entirely affected (motor and sensory areas).

This kind of rate is totally based on histological development of the disease. It is important
to remember that, historically, the definitive diagnosis of Parkinson’s disease is closed in a
postmortem autopsy [32].

4, Parkinson’s disease treatment

Drug treatment: traditionally, the drugs that have shown good effects on the motor signs and
symptoms of Parkinson’s disease are the dopaminergic drugs.

Among them, the most used in clinical practice is levodopa or levodopa plus dopa-decar-
boxylase inhibitors (DDC-I), designed to replace the dopamine in the depleted striatum,
undoubtedly, the most efficient medication for Parkinson’s disease [33]. They improve motor
functions in a cyclic way during the day period. When they reduce the motor impairment, the
period is called “on time.” When the motor signs and symptoms start to return, the period is
called “off time” or “wearing-off period.” However, during the “wearing-off period,” symp-
toms may not be related only to movement. It is also usual for patients to report increased
anxiety, fatigue, mood changes, difficulty thinking, restlessness, and sweating [29].

Initially, levodopa offers a stable alleviation of PD symptoms so it is usual for it to be offered
in low doses, being well-tolerated by patients. This period of treatment is called the “honey-
moon.” However, as the disease becomes more advanced, the effect of the drug usually wears
off quickly, and an increased frequency of dosing is often required. This marks the end of the
“honeymoon” period. After some years (4-6 years), patients begin to experience, most strik-
ingly, its intense side effects [33, 34].

These long-term complications included many kinds of motor fluctuations. In addition to
the on-off phenomenon, already described above, the patients may also experience delay on,
when medication takes a longer period to take its effect; freezing phenomenon, which was
already discussed during the motor signs presentation; and dyskinesia, which is determined
by the presence of hyperkinetic involuntary movements, including twitches, jerking, twist-
ing, or simple restlessness but no tremor, occurring when the drug is at its peak dose, during
the wearing-off period or even during off-periods of the medication [29, 34]. Several new
formulations of levodopa have been developed to provide a more stable levodopa plasma
concentration, reducing some of the side effects, including dyskinesia. Among them, as afore-
mentioned is a levodopa/carbidopa combination [33].
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Other drugs on treatment of motor signs are dopaminergic agonists, amantadine, dopamine
receptor agonists, catechol-O-methyltransferase (COMT), and monoaminoxidase (MAO)
inhibitors. Recently, new pharmacological treatment has been studied such as the use of can-
nabis (to reduce mainly the three cardinal signs) and the angiotensin IV ligand-based com-
pound, which influences motor and nonmotor signs (memory) [33].

Since Parkinson’s disease is not considered a pure movement disorder anymore, the treatment
of nonmotor signs and symptoms is justified. However, the treatment of nonmotor symptoms is
still an unsatisfactory field for patients and their families [35]. A cholinesterase inhibitor has been
used for dementia treatment, while noradrenergic medications (like tricyclic antidepressants)
have shown some effect in depression and serotoninergic agonists (like clozapine) in psychosis.
Amantadine is used with some success in the management of levodopa-induced dyskinesia.
For autonomic dysfunction, there are many options such as mineralocorticoid, fludrocortisone
and adrenergic agents, the noradrenaline precursor for orthostatic hypotension, antimuscarin-
ics for urinary urgency or incontinence, and prokinetic drugs to treat constipation [35].

Surgical treatment: lesioning procedures, such as pallidotomy and thalamotomy, were used to
reduce the motor signs and symptoms of Parkinson’s disease. For a period, these procedures
were abandoned because of good results with pharmacological treatment using dopaminer-
gic drugs. However, nowadays, the surgical procedures are reviving as a result of the compli-
cations of pharmacological therapies.

The technological advances in the area of medicine have led to the development of a new
kind and nonablative surgical procedure: deep brain stimulation (DBS). It involves sending
electrical impulses to certain parts of the brain by a neurostimulator device that is a brain
implant known as a ‘brain pacemaker.” The general procedure of this surgery is an intracranial
electrode precisely implanted in the target area (see Table 4), followed by implantation of lead
extension wires that connect the intracranial leads to a power-generating and programming
source and, then finally, the implantation of an internal pulse generator (Figure 2). The main
target areas can be seen in Table 4 such as the signs/symptoms that are most prominently mod-
ulated by DBS [36, 38]. When PD symptoms are very severe and medications cannot moderate
them, surgery and deep brain stimulation can be considered as the final options of treatment.

Subthalamic nucleus Disabling motor symptoms
Dyskinesia

Motor fluctuations

Globus pallidus internus Improvement of motor symptoms in general
Ventral intermediate thalamic nucleus Tremor
Pedunculopontine nucleus Gait instability

Gait freezing phenomenon

Note: Based on Dallapiazza et al [36].

Table 4. Main target areas for deep brain stimulation (DBS) in Parkinson’s disease.
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Figure 2. Typical deep brain stimulation setup. The electrode is placed in the brain and connected to a brain pacemaker
permanently placed under the skin of the chest. Source: Shamir et al. [37] the use, distribution or reproduction in other
forums is permitted.

Other treatments: other alternatives to Parkinson’s disease management include a group of
therapies other than a pharmacological approach. There is a vast variety of techniques avail-
able for this purpose, such as tai chi, yoga, massage, acupuncture, dance, traditional herbs,
and molecular targeted therapies, among others.

Physical therapy shows a number of different strategies that has been frequently used in
rehabilitation of Parkinson’s disease patients, having the most important goal to enhance the
quality of life of these individuals.

4.1. Physical therapy in Parkinson’s disease treatment

Physiotherapists are members within a multiprofessional team, which has the purpose of max-
imizing functions and abilities and minimizing secondary complications of several diseases.
They use movement rehabilitation within a context of education and support for the person
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as a whole. In patients with Parkinson’s disease, physical therapy focuses on many functions
such as transfer, posture, balance improvement and fall prevention, gait, upper limb functions,
and physical capacity (including cardiorespiratory capacity) essential to carry out activities of
daily life. All of these goals, worked together with cueing strategies, cognitive movement and
exercises, increased independence, and safety, as a consequence, improve quality of life [10].

Some evidence presented in the literature supported that therapeutic exercises applied in
individuals with Parkinson’s disease were effective in improving both the motor and nonmo-
tor impairments [39, 40]. This improvement may be linked to a number of plasticity-related
physiological events including synaptogenesis, angiogenesis, and neurogenesis. This process
can be mediated by use-dependent expression of endogenous neurotrophic factors. In an
unedited systematic review and meta-analysis, Hirsch and his coworkers show aggregated
evidence that physical exercise training increases brain-derived neurotrophic factor (BDNF)
blood levels in individuals with Parkinson’s disease. This BDNF increase results in con-
comitant reduction in motor signs and symptoms, measured by UPDRS, confirming possible
effects on dopaminergic pathways [41].

Together with neuroplasticity, there is some evidence pointing to the participation of motor
modules (coordinated patterns of muscle activity that combine to produce functional motor
behaviors) like a physiological theory for good results of physical therapy in Parkinson’s
disease. For this purpose, it is proposed to consider five neuromechanical principles: motor
abundance, which means that for any given task, many equivalent motor solutions are pos-
sible; motor structure, which means that motor modules reflect biomechanical task relevance;
motor variability, which means that variations on motor modules are higher as much as the
motor output is lower; individuality, which means that different motor repertory must be
considered among different individuals; and multifunctionality, which means that muscle
activity can generate a large number of different actions. It is important to emphasize that in
Parkinson’s disease the basal ganglia dysfunction supposedly leads to inappropriate selection
of motor modules [8].

It is still important to remember that motor rehabilitation is a motor relearning practice and
training where it is essential to reacquire motor skills. Although individuals with Parkinson’s
disease show preserved motor learning abilities, the basal ganglia dysfunction may impair
the consolidation of them. Therefore, the basic rules of neural plasticity practice must be used
to be successful in the rehabilitation process. It includes intensity, repetition, specificity, dif-
ficulty, and complexity of practice [8, 42].

Several rehabilitative approaches have been proposed in Parkinson’s disease.

4.1.1. Resistance training and muscle strength

In the last two decades, exercise, such as resistance training, has shown to be beneficial for
the improvement of both motor and nonmotor signs and symptoms. It increases low strength
determined by hypokinesia and disuse, besides playing a neuroprotective effect in individu-
als with Parkinson’s disease. Its effect is probably determined by an increase of mitochondrial
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respiration and of neuroplasticity mechanisms, improving the recruitment of motor unit and
generating selective activation of the muscles [14, 43, 44].

However, there is no consensus about the parameters for resistance training prescription for
individuals who have Parkinson’s disease [43]. In a systematic review and meta-analysis,
Saltychev and his coworkers [45] concluded that there is no evidence on the superiority of
progressive resistance training compared with other treatments to support the use of this
approach in rehabilitation procedures.

On the contrary, it is possible to find successful directions to use this therapeutic strategy in
rehabilitation of individuals with Parkinson’s disease from other systematic reviews, meta-
analysis, and clinical research. Studies shows that low (2 times per week over 12 weeks) to
moderate (2-3 times per week over 8-10 weeks) intensity resistance training appears to be
effective in people with early, mild-to-moderate Parkinson’s disease. They still show that this
specific approach resulted in gaining muscle strength, balance, Parkinson’s motor symptoms,
and quality of life, with low or no improvement in gait performance, freezing phenomenon,
and the number of falls [43, 44, 46, 47]. The load of the exercises can be chosen using the test
of maximal strength (1-RM). The number of sets may vary between 2 and 3 during initial
periods. The retest of 1-RM can provide additional information to adjust the load and sets
along the rehabilitation period. The resting time between the sets can be controlled by cardio-
vascular parameters and can vary from 30 seconds up to 3 or 4 minutes [43, 44].

There are numerous ways to work with resistance training, and it is up to the physiotherapists
to choose the most appropriate one for the individual under their care. In resistance training,
the following examples of exercises can be used: bench press, lat pulldown, military press,
seated row, leg 45°, barbell squat, leg curl, leg extension, calf raises, lower abdominal exer-
cises, and manual or external (theraband, barbell, ankle-weight, and pulley system) resistance
in active movement. Treadmill and bicycle intervention can be used when performing against
resistance [43-45, 47]. Da Silva and her coworkers [48] suggest a long-term effect in nonmotor
signs and symptoms of Parkinson’s disease, especially in cognitive aspects, in individuals
performing treadmill training, just as Ferreira and her coworkers [49] showed that resistance
training was an effective intervention in the reduction of anxiety symptoms and improved the
quality of life in this population.

4.1.2. Transcutaneous electrical stimulation to control resting tremor

Even if the treatment of Parkinson’s disease tremor focuses on medication, and there is indica-
tion to deep brain stimulation for those patients with tremor recalcitrant using oral medica-
tion, electrotherapy has been shown to be beneficial to control this special cardinal sign.

Few studies have been performed to provide further evidence on the effects of electrotherapy
on Parkinson’s tremor reduction. The theory supporting the use of this strategy is based on
evidence revealing that propriospinal neurons in the C3-4 spinal cord mediate voluntary
commands from the motor cortex (in Parkinson’s disease, these commands are oscillating
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and give rise to resting tremor) and project directly to forelimb motor neurons. This proposal
assumes the importance of propriospinal neurons to interfere in tremor signal transmission,
especially because there are a rich variety of afferents, including cutaneous afferents [6].

Based on this concept, Xu and coworkers [50] hypothesize that cutaneous afferents evoked
by surface stimulation could produce an inhibitory effect on propriospinal neurons, which in
turn could suppress tremor signals passing through the propriospinal neurons.

Additionally, evidence shows benefits of electrical stimulation, especially when applied to the
superficial cutaneous radial nerve area, in reduction refractory resting tremor. This effect is
possibly mediated by cutaneous reflex via premotor neuron interneurons, through a disyn-
aptic inhibitory postsynaptic potential. Some initial research was performed to confirm this
theory using transcutaneous electrical nerve stimulation (TENS), with good results [6, 52].
The position of the electrodes can be verified in Figure 3.

The parameters used for TENS stimulation were 200 ps pulse width at 250 Hz pulse fre-
quency. The pulse amplitude of stimuli must be adjusted during the stimulation period. First,
it is necessary to discover the radiating threshold of the patient. It occurs when the patient
refers to a radiating sensation, such as a paresthesia, running from the dorsal skin to the
fingers. This radiating threshold has been used as a sensory marker because it indicates that
the superficial radial nerve is actually activated by electrical stimulation. After detecting the
radiating threshold, the intensity of electrical stimulation must be adjusted to 1.5-1.75 times
radiating threshold to produce better effects on tremor control [6].

Nowadays, researchers have been studying a way to detect the tremors and control them
simultaneously and automatically by electrostimulation. They already developed and tested
a closed-loop system for tremor suppression by transcutaneous electrical nerve stimulation

Radial
. superficial
(C6-8)
Radial, /
superficial
(Ce-8) Ulnar (C8-T1) +— Dorsal digital
Palmar Dorsal ——

Electrodes

Palmar digital Dorsal digital positions

Proper palmar digital —»,

Palmar

Proper palmar
Palmar . digital
digital Median (C5-8) ———

Figure 3. Use of transcutaneous electrical nerve stimulation to reduce resting tremor in Parkinson’s disease. The figure
brings cutaneous superficial radial nerve area and electrodes position for transcutaneous electrical nerve stimulation
(TENS). Source: Modified from Gray [56]. Picture is public domain.
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(TENS) using EMGs of the forearm muscles. Through this record, when a tremor is detected,
a command signal triggers a stimulator to output TENS pulses to a pair of surface electrodes
positioned just as described in Figure 3. The preliminary results showed that a closed-loop
system can detect tremor properly and suppress significantly the tremor, by electrical stim-
ulation of cutaneous afferents, in Parkinson’s disease patients. Within this new concept, a
tremor’s glove was developed reaching also good results [50-52].

4.1.3. Aerobic training: treadmill, cycling, free walking, dance, and tai chi

It's known that aerobic exercises can reduce inflammation, suppress oxidative stress, and
stabilize calcium homeostasis in the brain. So, it has been prescribed as an important activity
for the elderly. The form of aerobic exercise used may be adapted to the capability of the
individual. In individuals with Parkinson’s disease, these exercises show important functions,
once they can trigger plasticity-related changes, including synaptogenesis, enhanced glucose
utilization, and neurogenesis [2, 53].

In general, aerobic training has been reported to improve both motor and nonmotor signs
and symptoms of Parkinson’s disease. The motor effects are extensively known and have
been studied the most so far, showing the most unequivocal benefits on health across the life
span. Furthermore, the neural mechanisms involving dopaminergic pathways are studied
and suggest a significant preservation of nigrostriatal neuronal connections as well as striatal
dopamine levels in experimental models. As a result, exercise-dependent plasticity following
aerobic exercises acts on the brain in a similar manner as dopaminergic-derived treatments,
using the same pathways to produce symptomatic relief [54].

In nonmotor signs and symptoms, aerobic training promotes positive and significant effects
on global cognitive function, processing speed, sustained attention and mental flexibility,
memory, and mood disorder aspects (anxiety and depression) in patients who are consid-
ered in a moderate stage of Parkinson’s disease [49]. In sleep disorder, present in Parkinson’s
disease, aerobic exercise has been shown to have small-to-moderate effects. The mechanism
involved in these effects evolved increased dopaminergic signaling and a wide variety of
effects on nondopaminergic neurotransmitter systems, including serotonergic, noradrener-
gic, and GABAergic systems, which is relevant for depression, anxiety, and sleep [53, 54].

The most common and studied form of aerobic training is using a treadmill. In some system-
atic reviews, the majority of articles considered in analyses use treadmills for aerobic train-
ing. This approach can be used with or without a body-weight-support system, depending
on the motor difficulties of the individual with Parkinson’s disease. It may be related with
improvement in motor signs like motor action, balance, and gait, although the evidence is not
so strong [2, 48].

In the same way, free walking and Nordic walking (a total body version of walking performed
with specially designed walking poles similar to ski poles) also have good effects on motor
and nonmotor domains of Parkinson’s disease and must be stimulated and used in physical
therapy practice in rehabilitation of individuals with Parkinson’s disease [55].
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Similar to the aerobic training used on the treadmill, moderate intensity of interval training
for cycling has shown several beneficial effects on the DA-dependent motor and nonmotor
signs that compromise Parkinson’s disease patients. Researchers have reported improvement
on bimanual motor control, automatic interlimb coordination, executive functions, and neu-
rological (UPDRS) symptoms [56].

An interval protocol template that can be used can be the following: from 8 to 12 weeks of
training, 3 times per week, 1-hour session training with 10 minutes of warm-up, 40 minutes of
aerobic training, and 10 minutes of cooldown). During the 40 minutes of aerobic training, the
patient can perform 8 sets of 3 minutes of cycling or treadmill at 60-80 rpms and 2 minutes of
less than 60 rpms. The heart rate also can be used as a parameter to improve effort during the
training period. Hence, the physiotherapist may adjust the resistance to ensure the patient is
cycling at 60-75% of his/her maximal heart rate. This effort can increase gradually during the
training period [56]. A guideline with some exercise modes to be used in Parkinson’s disease
was provided by Meng and coworkers in a systematic review and meta-analysis [57].

Other forms of aerobic exercises have been stimulated in the rehabilitation process in
Parkinson’s disease. Several data have shown that dance can provide increased activation of
the reward system, determining better mood aspects in people. In patients with Parkinson’s
disease, practicing dance has induced better responses and a substantial relevant improve-
ment in motor symptoms (such as static and dynamic balance, freezing phenomenon, and
gait) and functional mobility. This improvement determines also a better quality of life in
performers. It probably occurs because rhythmic stimulation leads to time-perception com-
pensation due to the synchronization of movement with rhythm [58, 59].

To get these effects, a dance program must include visual and auditory cues, rhythm tasks,
and recreational activities that motivate socialization. Another important aspect is to reach
the ideal heart rate during practice, just as discussed previously in the aerobic training
protocol [58].

Oriental martial arts, such as tai chi, have been successfully used in treatment of individuals
with Parkinson’s disease. Tai chi combines deep breathing and slow movements and stud-
ies have provided moderate evidence that tai chi improves balance and functional mobility,
reducing the number of falls, but with no significant effect in gait velocity, step length, and
gait endurance improvement [33, 60, 61]. A systematic review and meta-analysis showed that
tai chi, plus medication, showed greater gains than medication alone or another therapy plus
medication in motor function and balance. Presumably, these gains were due to the develop-
ment of new motor programs, which allow faster reactions responding to postural challenge
promoting better behavioral recovery through new synaptic connections [62]. It is necessary
to know and practice this technique before using it on patients.

4.1.4. Multimodal exercise program

The aim of the multimodal exercise program is to develop the patients’ functional capacity,
cognitive functions, posture, and locomotion. It's comprised of a variety of activities that
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simultaneously focus on the components of functional capacity, such as muscular resistance,
motor coordination, and balance [14]. It's a 6-month program, performed 3 times per week,
1 hour per session. Each session consists of five parts (warm-up, pre-exercise stretching, the
exercise session, the cooldown, and postexercise stretching). The program is divided into six
phases with different uses of coordination, muscular resistance, and balance strategies [63, 64].
A description of each phase can be seen in Table 5.

The little data that are available in the literature point to improvement in some kinematic
gait parameters of mild-to-moderate idiopathic PD patients using multimodal exercise pro-
grams [63, 64].

Phases Capacities
Coordination Muscular resistance Balance
Phase1 Upper and lower limb movements. Exercises without weights. Recreational activities that
stimulated the vestibular
system.
Phase2 Trunk movements were added to upper Light-weight equipment (hoops, Recreational activities that
and lower limb movements. ropes, and batons). stimulated the visual and
vestibular systems.
Phase 3 Trunk movements were substituted by Heavier equipment (barbells, Recreational activities that
head movements. ankle weights, and medicine stimulated the visual and
balls). somatosensorial systems.
Phase 4 Head, trunk, and upper and lower limb Load was again increased with Recreational activities
movements. heavier equipment for resistance  integrated the vestibular,
training (increase of intensity) or ~ visual, and somatosensorial
increased repetitions (increased ~ systems.
volume).
Phase 5 Four different movement sequences, two Exercises were done with Recreational activities
of which were the same for upper and weights: leg press, pulley, included static balance,
lower limbs and two other sequences that ~ seated cable rows, peck deck, dynamic balance, half-turn,
alternated movements for upper and lower and bench press. Load was and complete turn (all with
limbs in place and in movement. adjusted according to patients'  visual cues).
convenience (in two series of 15
repetitions).
Phase 6 Four sequences of different movements, The same exercises with load Recreational activities were

two sequences of alternating movement
for upper and lower limbs, and two
sequences of different movement for
upper and lower limbs, with or without
trunk movement and equipment (balloons,
balls, hoops, and rope).

increase. Series of 15 repetitions
were added.

composed of activities with
tactile cues.

Note: Based on Vitdrio and coworkers [63].

Table 5. Multimodal exercise program in Parkinson’s disease.
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4.1.5. Acupuncture

Several data show acupuncture and electroacupuncture (still performed on animal models) as
beneficial strategies in Parkinson’s disease treatment, used either isolated or combined with
other treatments. It has been described as showing improvement in the UPDRS total score
and in its subsections after an acupuncture session. So, even motor and nonmotor signs and
symptoms, including pain, can be improved with the use of acupuncture [65-67]. However,
the most important source of data that proves the beneficial effects of acupuncture in treat-
ment of signs and symptoms in Parkinson’s disease is provided from functional neuroimaging
studies. These studies have shown huge modifications in neural functions after acupuncture
sessions [68, 69].

As tai chi use was previously discussed, acupuncture requires previous academic training so
that it can be used in an accurate way in the treatment of Parkinsonian individuals.

4.1.6. Hydrotherapy

Hydrotherapy has been widely used to treat individuals with Parkinson’s disease. It has been
proven to be effective for different gait rehabilitation programs, as well as to improve balance
and quality of life, and reduce pain and falls. The warm property of water used for hydro-
therapy potentially also reduces rigidity [70, 71].

In water, innumerable forms of exercises can be performed including warm-up exercises (like
jumping and walking), stretching exercises, gait training, cooldown exercises, trunk mobility,
balance, coordination and proprioceptive exercises, the Halliwick method, posture exercises,
the Ai Chi method, aerobic exercise, the Bad Ragaz method, motor dexterity exercises, and
swimming exercises, among others [71].

4.1.7. Virtual reality and exergames: integrative techniques

Virtual reality potentially optimizes motor learning in a safe environment, and by replicating
real-life scenarios, it could help to improve functional activities of daily living in individuals
with Parkinson’s disease. However, the use of commercially available devices makes this tool
contiguous to many other physical therapy instruments, leading to low evidence in the results
[72]. Despite this, several studies have reported greater improvement in many signs and
symptoms such as balance, gait, functional capacity, and self-confidence, improving quality
of life and reducing the risk of falling [73-75].

As an example of specific virtual reality developed for Parkinson’s disease rehabilitation,
Gomez-Jordana and coworkers [76] developed visual cues that could be presented in an
immersive, interactive virtual reality environment. With this, they created different forms of
spatial and temporal information where black footprints presented at a prespecified distance
apart could recreate different step lengths (spatial cues), and by controlling when the black
footprints changed color to red, they could convey information about the timing of the foot
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placement (temporal cues). With this device, they could get significantly improved gait per-
formance in participants.

Additionally, exercise-based video gaming (exergaming), a form of physical training that is
delivered through virtual reality technology, facilitates motor learning and is efficacious in
improving balance in aged populations. This approach can use commercial devices such as
Nintendo Wii Fit System®, X-box 360° with Kinect®, or rehabilitation-specific software pro-
gram like Jintronix® [70, 74, 77].

These devices usually combine automated game instructions as well as visual and auditory
and tactile inputs to correct performance and sustain motivation levels during and following
game play. Therefore, exergames employ visual and auditory feedback techniques to create
a quasi-immersive environment that can facilitate motor and cognitive learning. Since indi-
viduals with Parkinson’s disease are dependent on sensory cues to maintain postural stability
and show difficulties with long-term consolidation of new motor skills, this sensorial integra-
tion provided by using exergames may help to upregulate neuroplasticity and facilitate motor
skill acquisition and retention [77].

These resources can be used isolated or associated in a clinical approach or in a telerehabilita-
tion program like a home-based virtual reality or home-based exergame [74].

4.1.8. Group approach

Groups are used in physical therapy to improve global health status and bring relief from
typical disability symptoms of several diseases, competing with individual rehabilitation at
least in short-term follow-up. Therapeutic groups have been beneficial to the health care sys-
tem by decreasing the cost and time spent on rehabilitation.

Similar to other techniques, group therapy can use several kinds of exercise goals such as
general mobility, using muscular strength, free movement, and relaxation exercises; trunk
control, using trunk displacement and rotation during dynamic exercises performed in a sit-
ting posture; static balance, using the same strategies for trunk control but in a standing posi-
tion; dynamic balance and gait, using free gait; and gait with obstacles, stairs, ramp, uneven
ground, performed in and outside the room. The use of hearing and visual cues during the
procedure provides several stimulus associations for the patients. This approach was reported
to improve gait, balance, and activity of daily life performance in patients with PD [78].

4.1.9. Mental imagery

Mental imagery is the cognitive process of creating visual, auditory, or kinesthetic experi-
ences in the mind with or without overt physical execution. In many people, this proce-
dure can help or improve motor performance. This strategy has the potential to increase
the function of both the motor cortex and the spinal neurons, resulting in improved
muscle function [79, 80]. Thus, it is an important technique in motor learning and control,
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and although it has its origin in sports science, it has been introduced into the field of
neurorehabilitation.

In a few sources about mental imagery in Parkinson’s disease rehabilitation, some data show
a better muscle recruitment measured by electromyography or other form or neurophysi-
ologic register. But available data are, sometimes, contradictory [80, 81].

Specifically in individuals with Parkinson’s disease, this approach has shown to be beneficial
to motor (measured by UPRDS-III-motor signs) and cognitive functions [79].

4.1.10. Applications (apps in cell phones or tablets): a new generation of physical therapy
approach

Since smartphones became popular, numerous health-related apps have been developed for
professionals, patients, and the general population. However, many of these apps are not
validated, so their efficacy may be not satisfactory. Nowadays, this resource still has been
used as a complementary treatment [82].

It is a well-known fact that it is important to emphasize that apps are a democratic source of
information and rehabilitation, since they maintain the main principles of usability, acces-
sibility, and equal opportunities for healthcare professionals, patients, relatives, and care-
givers [82].

For Parkinson’s disease, there are a few apps available, and just one with some data par-
tially published. On the Parkinson’s UK webpage, we can find a list of apps reviewed and
recommended for individuals with Parkinson’s disease. There are apps for sleep, volume
of voice, mood, swallowing, memory (recording stories of patients), mobility, speech, and
dexterity [83].

Another source from the International Parkinson’s Community recommended eight extra
apps. They focus on measurement and tracking the patient’s symptoms, give information
about Parkinson’s disease, record and measure the magnitude of tremor and speech, and
manage and track the individual’s health condition. The only one that has some physical
approach is the Parkinson’s home exercise [84].

The Parkinson’s Home Exercise®, promoted by the European Foundation for Health and
Exercise, was easy-to-use and designed to be used by patients and physiotherapists. It pro-
vides advice and instructions for daily exercises and movements through over 50 videos
and text instructions. It has a cost involved [85]. There are no references in literature about
its efficacy.

Another app, developed by TEVA Pharmaceutical Industries, named Parkinsounds®, is a
free app that helps patients with Parkinson’s disease to find their gait rhythm using music
and rhythmic beats (like a metronome). They use a predetermined music list or one that can
be linked to Spotify®. Once the rhythm is chosen, Parkinsounds is able to find music that
combines with the preselected rhythm adding beats in the music. The physiologic base for
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this strategy is centered on the synchronic activation of neurons provided by the music and
the rhythmic stimulus, added to an increase of dopamine liberation [86].

Our group has been developing research using this specific app in rehabilitation of gait in
Parkinson’s disease. The partial data were already presented at the World Confederation of
Physical Therapy Conference (research data are not still available). However, a huge acute
effect could be seen in the gait of Parkinsonians using Parkinsounds, even in a long-term
period of rehabilitation. We could see an improvement in width and length of gait, with a
reduction of base and number of steps, which were measured in a 10 meters’ route, after
10 weeks of treatment. It is important to emphasize that the walking test was performed with
and without Parkinsounds® use for patients at the moment of evaluation (initial and final),
and in both cases, the improvement was significant. So, it can be considered an important
feature for gait rehabilitation in Parkinson’s disease.

4.1.11. Whole body vibration

According to the literature data, there is no apparent consistency in the effect of whole body vibra-
tion shown on mobility, balance, and gait in individuals with Parkinson’s disease [87]. However,
the majority of the studies point to a favorable effect of this therapeutic strategy [87, 88].

Disregarding the differences between the various types of equipment, a lot of research has
proposed some parameters that are useful in improving mobility and balance in individuals
with Parkinson’s disease. The majority recommend orthostatic position and 7 to 14 mm ampli-
tude with a frequency ranging between 3 and 25 Hz, in cycles of 5 bouts of 1 minute each.
Until now, there is no consensus about which frequency in better [87]. So, it is recommended
that the physical therapist evaluate these functions constantly after using this resource.

The effect of whole body vibration on tremor is less prominent [87]. Moreover, it also does
not appear to lead to better cardiovascular conditions reducing the feeling of fatigue when
compared to treadmill training [89].

The physiological mechanism involved in the effects of whole body vibration on reducing some
of the motor signs of Parkinson’s disease remains elusive. Some theories suggest that whole
body vibration provides tactile and proprioceptive stimulus to the whole body originated from
the vertical oscillating mechanical movement or the movement along the horizontal axis, which
through neuromuscular activation and metabolic mechanism may bypass dysfunctional basal
ganglia, resulting in better adjustments for postural stability and gait [88, 90].

5. Conclusion

In this chapter, we can notice how profound the discussions about Parkinson’s disease are,
especially about treatment. Physical therapy has increased its participation in Parkinson’s
disease treatment. However, research is still lacking to substantiate its real effectiveness. It is
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imperative that further research be done to strengthen performance and the excellent results
obtained with physical therapy in treating individuals with Parkinson’s disease.
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Abstract

Clinical benefits of rehabilitation are very difficult to present because of various factors
such as very small sample sizes, no control comparison, or short period of intervention.
However, clinical improvement can be presented with a single case study research design
that is very interesting and challenging technique. Basic and advanced single-research
designs can be performed in various patterns, for example, baseline (A) and intervention
(B) phases [A-B], A-B-withdrawal (A’) phases [A-B-A’], A-B-A’- new intervention (B’)
phases [A-B-A’-B], etc. In each phase, a line graph must be presented for changes using a
trend line or split-middle method or mean and the standard deviation is shown. A trend
or celebration line of data in the baseline period (A) should be drawn through the inter-
vention phase (B). Then, the serial dependence or autocorrelation coefficient in each phase
must be calculated by Barletta test, and the transformation of autocorrelation data should
be performed when serial dependence occurs. Finally, clinically statistical improvement
during intervention can be analyzed with the Bloom table, two-standard deviation band,
paired t-test, binomial statistic, or C-statistical analysis. Therefore, single case study or
cases of research design can be used to present the effectiveness of any intervention in
the clinic.

Keywords: single-case research design, rehabilitation

1. Introduction

At present, the benefit of clinical research is very important in clinical practice. However,
clinical research involving human patients or subjects has more varied bias and confounding

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN
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factors than experimental research [1]. A previous report claimed that common studies in
clinical research had various designs such as case-control studies, cohort study, randomized
controlled trials, reviews, and meta-analyses, the same as case reports [2]. Moreover, single-
subject design also is used for practice-based primary care research, due to the limitation on
condition, heterogeneity, and strict criteria, but with some interesting results [3]. Previous
evidence reported that clinical research can be divided broadly into two types; observational
and experimental [4]. Cross-sectional, case control, cohort, and ecological study are analytical,
but prevalence surveys, case series, surveillance data, and analysis of routinely collected data
are a type of descriptive study. Although the best clinical research is designed with a controlled
group, low bias on inclusion criteria, and good statistical analysis protocol, the limitations on
various pathological conditions and inconsistency among patients are presented, whereas the
value of inspiring new ideas or explaining new results from techniques during rehabilitation is
of clinical concern in multiple or single cases [5-7]. Therefore, effectiveness of rehabilitation in
a rare or single case can be presented with descriptive data alone, as in a previous report that
presented the effect of combined thoracic and backward lifting exercise at a thoracic kyphosis
angle, and intercostal muscle pain, without any graphs, tables, or statistical analysis measure-
ment [8]. However, better results of a single-case research design can be represented by visual
graphs after data collection at either baseline or intervention phases, whereas efficiency of
intervention also can be evaluated with a mean level and trend changes by comparing with
baseline or prior interventions [9, 10]. Finally, significant effectiveness of intervention can be
analyzed simply with the Bloom Table, paired t-test, or one-way ANOVA methods, if serial
dependence or autocorrelation coefficient of data is not found (Figure 1).

The flow chart in Figure 1 shows a simple series procedure for performing a single-case
research, (1) collecting data in both baseline and intervention phases, (2) drawing the trend
line and mean level in each phase, (3) checking the series dependency of data in each phase,

Data collection

Scattering Plot Graphs

Trend Line and Mean Laveal

Check Series Dependency

(Bloom Table, Paired t-test, Two-50 Band, C Statistic, etc.)

Figure 1. Flowchart of procedure on a single-case research design.
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and (4) drawing the celeration line from the prior phase to the next one, and then analyzing
statistically.

2. Research design

There has been a variety of single case research designs such as (1) AB, (2) reversal, (3) multiple
baseline, and (4) alternating treatment [11]. The components of a single-case research design
are composed of a series of interventions and frequency of assessment in multiple phases and
various conditions. For instance, the effectiveness of a 7-day chest wall-stretching exercise in
patients with chronic obstructive pulmonary disease (COPD) compared with 7 days in the
baseline phase [12]. The same applies to 7-day pulmonary rehabilitation in patients with
chronic scleroderma [13]. Therefore, various designs with a control period or baseline (A),
intervention (B), withdrawn (A), or new intervention phase (B’) can be performed. Thus, a
simple visual graph has been recommended with the following three designs (Figure 2).
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Figure 2. Visual graph presentation of a three-pattern design. Baseline and intervention phases (1), baseline-intervention-
withdrawn phases (2), and intervention-withdrawn-intervention phases (3).

3. Data collection and presentation

In this design, the frequency of data collection has been suggested as at least three times or
during individual periods in either the baseline or intervention phase [14], in order to present
the change in trend in the baseline phase, whereas a previous report preferred an evaluation 6-
8 times [15] as in Table 1, for example. The visual analysis involves determining the level,
trend and stability of the data within in each phase, as well as immediacy of effect, consistency
of data patterns, and overlap of data between baseline and intervention phases [16].

Presentation of the data or scores can be performed with scattering, plotted as a simple line
graph for either single or multiple cases with a multiple baseline design, as in Figure 3.
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Baseline phase Intervention phase
PImax Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10
1 2 3 2 2 3 3 5 5 5 6
2 2 2 2 3 3 4 4 5 7 7
3 2 2 2 2 2 3 5 4 8 8
High value 2 3 2 3 3 4 5 5 8 8
Table 1. Chest wall excursion (cm) between baseline and intervention phases.
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Figure 3. Line graph presentation of chest wall excursion (cm) in two cases that show the baseline and intervention
phases with different scores in the baseline phase.

Presentation with a line graph has several advantages, for example, easy interpretation and
understanding. Moreover, the bar graph of mean in each phase can be used.

The appropriate graphic methods can be applied to present data of changes in level, variability,
trend, and slope [17] within each phase following the immediacy of effect, consistency of data
patterns, and overlap of data between baseline and intervention phases [16]. For example, the
mean levels of peak inspiratory pressure (PImax) between baseline (A), intervention (B), and
withdrawn (A”) is shown in Figure 4(1) and trend lines in Figure 4(2). Trend lines within a phase
can demonstrate the stability of scores in the baseline phase with constant trend, as well as
acceleration and deceleration trend patterns in intervention and withdrawn phases, respectively.

Interpretation of the mean and trend line in each phase presents the meaning clinically, for
example, chest wall excursion (Figure 5(1)), dyspnea scale (Figure 5(2)), vital capacity, diffused
capacity of lung for carbon monoxide (DLCO), etc. Figure 5(1) shows the constancy of chest
wall excursion before treatment, which then increases with a mean level higher (3.83 cm) than
that at baseline (2.19 cm). Therefore, that intervention can increase chest wall excursion in the
clinic. In addition, dyspnea scale changes in Figure 5(2) decrease from a mean of 5.6 in the
intervention phase to 4.2 in the baseline phase.

The deleterious effect of interventions can be presented, as in Figure 5(3). Vital capacity
reduces and decelerates tendency during given treatment; therefore, that treatment does not
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affect vital capacity. Finally, the last example of change in DLCO between baseline and inter-
vention phases shows a slight increase of DLCO mean. Thus, that intervention can increase the

DLCO slightly (Figure 5(4)).
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Figure 4. Demonstrated data of mean levels (1) and trend lines (2) within baseline (A), intervention (B), and withdrawn

(A’) phases.
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Figure 5. Graph lines of chest wall excursion (1), dyspnea scale (2), vital capacity (3), and diffusing capacity of lung for

carbon monoxide (DLCO) (4) between baseline and intervention phases.
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The trend line in each phase, especially between baseline and intervention phases, can show
the effectiveness of rehabilitation using some techniques, for instance, the deceleration trend
line of dyspnea (Figure 5(2)) and acceleration trend line of chest wall excursion (Figure 5(1)).
Therefore, the effectiveness of rehabilitation in the intervention phase can be compared with
the extended line from the baseline phase, which is called the celeration line as in Figure 6.

The celeration line can be found by the freehand [19], several semi-average [18], and least
squares method, including computing in a specific program, such as SPSS or SigmaPlot.

The simple method of drawing the celeration line can be carried out by therapists using the
semi-average [18] or “split-middle” method. For example, the data of 10 pain scores in the
baseline phase; 4, 5,4, 5, 6, 7, 6, 8, 7, and 6 have been recommended with 8-10 data in order to
fit the celeration line more accurately [19, 20]. Therefore, the procedure of drawing a celeration
line can be performed in the following steps:

Step 1: Plot the data (Figure 7(1)).

Step 2: Divide the data in half by drawing a solid vertical line and dividing each of the halves
in half by drawing dashed vertical lines before plotting the median level of each half phase, so
that the mean in the first half is 5 and 7 in the second half (Figure 7(2)).
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Figure 6. Line graphs showing the celeration line from the baseline phase of chest wall excursion (1) and vital capacity (2).
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Figure 7. Plotting data in the baseline phase (1). The baseline phase is divided in half with a solid line, and each half
phase is divided by dashed vertical lines with median horizontal lines (2). The celeration line is extended to the
intervention phase (3).
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Step 3: Finally, extend the celeration line from baseline to the intervention phase (Figure 7(3)).
On the other hand, the mean value of each half can be used for instant median value [18, 21].

Therefore, data presentation of the single-case research design is developed simply and under-
stood with the mean level and trend changes in the baseline phase. In addition, the effective-
ness of rehabilitation can be presented from the difference of mean level and trend line from
the celeration line in the baseline phase. However, the effectiveness of rehabilitation in the
intervention phase also can be compared under statistical procedure.

4. Statistical analysis

The statistical analysis must be performed as a series procedure. First of all, the data on
autocorrelation or serial dependency must be evaluated so that it can violate the independence
of error assumption of statistical tests [22]. Data or outcome especially should have no serial
dependency on either baseline or intervention phases. Serial dependency basically means that
temporally adjacent scores tend to be related to one another. For instance, the score of an
individual subject for day 1 tends to predict that for day 2. A day-2 score can predict the day-
3 score, etc. Previous study ranked lag 1 autocorrelation and assigned it to one of the three sets;
autocorrelations ranging from 0.15 to 0.50 (low), 0.51 to 0.75 (moderate), and 0.76 to 0.94 (high)
[23], which found the interaction between serial dependency and significance level. This meant
that high serial dependency correlates with low significance. Therefore, the data within phase
examination should have no autocorrelation (r) or serial dependency.

4.1. Serial dependency analysis

The procedure for calculating serial dependency is appraised by statistical calculation, called
an autocorrelation coefficient, if the lag—1 autocorrelation for a series of performance is mea-
sured from a statistically significant evaluation (p < 0.05). For instance, the procedure is
manual for calculating the autocorrelation coefficient in the baseline phase (Table 1), as in the
following series:

Step 1: Calculate the mean of the scores in each phase with the sum of all data divided by total
numbers.
Baseline phase: [2+3+2+3+3]/5=2.6

Intervention phase: [4 +5+5+8+8]/5=6

Step 2: Find the difference values by minutes in each score (Table 1) with its mean.

Baseline phase Intervention phase
Score-mean = difference value Score-mean = difference value
20-2.6=-06 40-6.0=-2.0

3.0-26=06 50-6.0=-1.0
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Baseline phase Intervention phase
Score-mean = difference value Score-mean = difference value
20-26=-0.6 50-60=-1.0

3.0-26=06 8.0—-6.0=20

30-26=06 80-6.0=20

Step 3: Calculate the sum of multiple first and second difference values from Step 2.

Baseline phase Intervention phase
(—0.6) (0.6) = —0.36 (-2)(-D=2

(0.6) (—0.6) = —0.36 -DED=1
(—0.6) (0.6) = —0.36 -H@=-2

(0.6) (0.6) = 0.36 (2)2)=4

Sum = —0.72 Sum =5

Step 4: Calculate the sum of the square of difference values from Step 2.

Baseline phase Intervention phase
(—0.6)*=0.36 (-2%=4
(0.6Y*=0.36 (-1=1
(=0.6>=0.36 (-1)%=1
(0.6Y>=0.36 (2P%=4

(0.6>=0.36 (2%=4

Sum =1.8 Sum =15

Step 5. Calculate the autocorrelation coefficient (r) in each phase by dividing the sum value in
Step 3 by the square sum of difference values in Step 4.

Baseline phase Intervention phase

0.72/1.8=0.40 5/15=0.33

Step 6: Analyze the autocorrelation coefficient as statistically significant or not; a simple
procedure called Bartlett test can be used. If the autocorrelation value (r) in Step 5 is less than

2/ \n (n = number of data), the nonsignificant autocorrelation within or in the phase is
confirmed. Therefore, this example = 2/\5 is 0.894.
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Baseline phase Intervention phase

0.40 < 0.894 0.33<0.894

Final results of serial dependency calculation show that data in both phases have not demon-
strated a significant degree of autocorrelation or serial dependency. Therefore, therapists may
be confident in the results from disease stability in the baseline phase and intervention pro-
gram. However, if the result of autocorrelation analysis shows significant serial dependency,
transformation of autocorrelation should be performed again.

4.2. Transformation data

Due to significant serial dependency being presented in some phases during study, therapists
cannot confirm changed results confidently from either the pathology or treatment [23]. For
example, scores for dyspnea during 12 days of the baseline phase were 3, 5,4, 5,6, 6,7, 8, 8,11,
10, and 11, respectively.

Step 1: The mean score [3+5+4+5+6+6+7+8+8+11+ 10+ 11]/12 is 7.08.

Step 2: Difference values.

Score — mean = difference value
3.0 - 7.08 = —4.08
5.0 — 7.08 = —2.08
4.0 —7.08 = —3.08
5.0 — 7.08 = —2.08
6.0 —7.08 = —-1.08
6.0 —7.08 = —-1.08
7.0—7.08 = —0.08
8.0 —7.08 = 0.92
8.0 —7.08 = 0.92
11.0 — 7.08 = 3.92
10.0 — 7.08 = 2.92
11.0 — 7.08 = 492

Step 3: Calculate the sum of multiple first and second difference values.

(—4.08)(—2.08) = 8.48
(—2.08)(—3.08) = 6.41
(—3.08)(—2.08) = 6.41
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(—2.08)(—1.08) = 224
(—1.08)(—1.08) = 1.17
(—1.08)(—0.08) = 0.08
(—0.08)(0.92) = -0.07
(0.92)(0.92) = 0.85
(0.92)(3.92) = 3.61
(3.92)(2.92) = 1145
(2.92)(4.92) = 14.37
Sum = 54.99
Step 4: Calculate the squared sum of difference values.

(—4.08)* = 16.65
(—2.08)* = 433
(—3.08)* = 9.49
(—2.08)? = 433
(~1.08)* - 1.17
(~1.08) = 1.17
(0.08)> = 0.01
(0.92) = 0.85
(0.92)> = 0.85
(3.92) = 15.37
(2.92) = 8.53
(4.92) = 2421
Sum = 86.92

Step 5: Analyze the autocorrelation coefficient: 54.99/86.92 = 0.632. Analyze whether the
autocorrelation coefficient is statistically significant or not, and 2/¥12 is 0.577 becauseV 12 is
3.464 (n = 12). Therefore, these series data have significant serial dependency because 0.632 is
more than 0.577. All data must be transformed by the first difference in transformation as
below.

Step 6: The first score in the data is subtracted from the second, the second from the third, the
third from the fourth, the fourth from the fifth, and so on, until all scores are fully completed: 3,
5,4,5,6,6,7,8,8,11,10, and 12.

3-5=-25-4=1,4-5=-1,5-6=-1,6-6=0,6-7=-1,7-8=-1,8—-8=0,
8§—-11=-3,11-10=1,and 10 — 11 = —1.
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Thus, new data are —2, 1, -1, -1, 0, —1, =1, 0, =3, 1, and —1. When returning to calculate the
serial dependency in Steps 1-5, the autocorrelation efficiency is 0. 51, which is less than 0.577.
Finally, all new series data were added with a constant of any value such as 2, in order to avoid
the minute value.

However, the transformation of data by the first transformation difference still failed, thus
moving the average transformation to the second procedure in order to reduce the serial
dependency in Step 7.

Step 7: The following moving average method reduces the serial dependency that consists of
simply plotting the mean values between two adjacent data points over the entire series data.

Score Transformed score

3+5 = 8/2 = 4.0
4+5 = 9/2 = 4.5
6+6 = 12/2 = 6.0
7+8 = 15/2 = 7.5
8+11 = 19/2 = 9.5
10+11 = 21/2 = 10.5

Then, the new data from 12 to 6 0of 4.0, 4.5, 6.0, 7.5, 9.5, and 10.5 will be returned for calculating
the autocorrelation coefficient (r) in Steps 1-5. The result of the new autocorrelation coefficient
calculation is 0.56, which is less than 0.82 (2/¥6). Therefore, the data do not present serial
dependency.

4.3. Statistical evaluation

4.3.1. Standardized statistic method

When the non-serial dependency or autocorrelation is not presented in each phases, confiden-
tial results of rehabilitation can be implied without any confounding factors from diseases or
condition of auto-recovery. Finally, the procedure for identifying the statistical difference
between intervention and baseline or control can be evaluated by various methods. Analysis
of variance (ANOVA), F-test, and t-test between phases are widely familiar to researchers and
clinicians, for example, comparing the data of expiratory tidal volume (VTE) during 10 days on
a mechanical ventilator during chest physical therapy with the previous 10 days of non-
treatment. The visual graphic shows the mean, autocorrelation, and trend line (Figure 8(1)),
whereas bar graphs with a significant level calculated under the nonparametric paired t-test
were presented (Figure 8(2)).

Before the CPT phase: 352, 350, 323, 349, 345, 350, 352, 348, 360, 354 (mean = 347.9 mL).
During the CPT phase: 364, 371, 378, 380, 410, 425, 429, 485, 501, 515 (mean = 425.8 mL).
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Figure 8. Line graphs of expiratory tidal volume (mL) at baseline and intervention by chest physical therapy phase (1)
and t-test analysis from the Wilcoxon signed-rank test in the SPSS program (2).

4.3.2. Statistical analysis with the celeration line

When the celeration line is approached from the baseline to intervention phase, the changes
should be stationary if the pathology is stable, whereas some celeration lines from baseline
may decelerate muscle mass from prolonged bed rest or accelerate dyspnea from secretion
obstruction. A previous report claimed that the celeration line during the intervention phase
was the same as that in the baseline phase, indicating no beneficial effect from treatment [24],
whereas 50% of the data points in the intervention phase fell or were below the celeration line
from the baseline phase, which reflected beneficial clinical effect from treatment.

Two methods can be used to determine statistically significant changes. One method is using
the probability table presented by Bloom [25] (Table 2), and the other is computing a simple
binomial test.

Number of treatment observations

Proportion during baseline 4 6 8 10 12
0.10 3 3 3 4 4
0.15 3 3 4 4 5
0.20 3 4 5 5 6
0.25 4 4 5 6 7
0.30 4 5 6 6 7
0.35 4 5 6 7 8
0.40 4 5 6 8 9
0.45 4 6 7 8 9
0.50 4 6 7 9 10

Modified from Bloom [25], p. 203. Determined by use of the one-tailed test; p < 0.05.

Table 2. Number of treatment observations above the celeration line that are required to demonstrate a statistically
significant effect.
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Figure 9. Comparative data of chest wall excursion (cm) between interventions: breathing exercise (1) and mobilization
exercise (2).

4.3.3. Statistical analysis using the Bloom table

The method for using the Bloom Table (Table 2) for statistical analysis is performed in the
following steps, for example, chest wall excursion with two different treatments in Figure 9.

Step 1: Calculate the proportion during the baseline phase, for example, in Figure 9. From a
total of six data points, locate three points above the trend line, so the proportion is 0.6.

Step 2: Draw the extending or celeration line to the treatment phase.

Step 3: See that the first column is 0.50 in the Bloom Table and the number of treatment
observations is 5. The intersection of these two values is approximately 5.

Step 4: Figure 9(1) has only four points above the trend line, whereas Figure 9(2) has all five
points above trend line. Therefore, the mobilization exercise shows significant changes in the
clinic, but the breathing exercise does not affect chest wall excursion.

4.3.4. Statistical analysis with the two-standard deviation band method

This method is a semi-statistical approach or “statistical rule of thumb” and easily performed.
A previous report indicated that at least two data points fall outside the two-standard devia-
tion band during the intervention phase, which presents a statistically significant change in
intervention [26]. Nowadays, there are many computing programs that can calculate the mean
and standard deviation, for instance, Microsoft Excel, SigmaPlot, etc. Therefore, a simple and
quick calculation on these data can be performed, for example, calculating the data of systolic
blood pressure (mmHg) between the baseline phase and exercise period.

Baseline phase: 120, 123, 121, 122, 125, 122, 123, 122, 121, 122 (mean = 122.21, SD = 1.45)
Exercise period: 120, 119, 116, 115, 117, 114, 100, 101, 100, 102 (mean = 110.4, SD = 8.45)

Thus, two-standard deviation (SD) values in the baseline phase can be calculated with two
times of SD (1.45 x 2 = 2.9). The upper band above the mean is a sum of 122.1 and 2.9
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(122.1 +2.9), and the lower band below the mean is 122.1 minutes 2.9 (122.1 — 2.9). Therefore,
final levels of the 2-SD band are 125 and 119.2, which are drawn in Figure 10(1) and (2).

4.3.5. Statistical analysis with the binomial test

This method was demonstrated by Kazdin [15] and White [20]. The formula for computing
was based on the binomial test(*) p”, where 1 is the number of data points in the intervention
phase, x is the number of data points above (or below) the celeration lines, and p is the
probability of obtaining x data points above or below the projected celeration line [27].
Therefore, the binomial test from Figure 11 can be computed by n=5, X =4, and p = 0.5, with
results in statistical probability of p < 0.05.

Null hypothesis (Ho) = data points in the intervention phase being more than 5 in 10.
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Figure 10. Line graph depicting the 2-SD band method for identifying the statistical significance between two subjects.
Different results of exercise occurred in the two subjects, with the first subject showing most of the points (8 in 10 points)
below the 2-SD band; thus, it can be concluded that the exercise reduces systolic blood pressure significantly (1), whereas
10 points are located within the 2-SD band in the second subject, which involves nonsignificant change when exercise is
implicated (2).
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Figure 11. Line graph showing the data in baseline and breathing exercise phases.
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Category N Observed Prop. Test Prop. Aym. Sig (1-tailed)
Data Group 1 1.00 4 0.8 0.50 0.375
Group 2 0.00 1 0.20
5 1.00

Note: Group 1 is the number of data points above the celeration line, whereas Group 2 is the number of data points below
the celeration line from the baseline phase.

Table 3. Result of the binomial test from SPSS analysis.

Alternative hypothesis (H1) = data points in the intervention phase being less than 5 in 10.

The result of the binomial test in Table 3 shows an asymmetrically significant value (0.375) of
more than 0.05, which means acceptance on the null hypothesis.

4.3.6. Statistical analysis with C statistic

The C statistic method was proposed by Bloom and Fisher (1975) [21] and Tryon (1982) [28] as
a single-case research design and also reported by Caetano et al (2018) [29]. There are seven
steps in using C statistic with example data shown below.

Example: data of % oxygen saturation (%SpO,) in a postoperative cardiac patient:
Baseline phase: 82, 82, 84, 82, 84, 82, 84, 82, 83, 84
Breathing exercise: 83, 85, 85, 85, 87, 88, 90, 93, 94, 94

Step 1: Each data point in the baseline phase is subtracted from its adjacent successor data, for
example, the first from second, second from third, etc. until all of the scores in the baseline
phase are used.

Step 2: Each value from Step 1 is squared and the sum repeated.

Step 1 Step 2

82 — 82 = 0 0y = 0

84 — 82 = 2 ) = 4

84 — 82 = 2 ) = 4

84 — 82 = 2 ) = 4

83 — 84 = -1 (-1)? = 1
Sum = 13

Step 3: The mean value of the baseline points is calculated.

82+82+84+82+84+82+84+82+83+84=829/10=82.9
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Step 4: The value of mean-difference for each set of data is calculated by subtracting each raw
score from the mean value of squared results before summing up the squared mean difference.

82 - 82.9 = 09 (—0.9y = 0.81
82 - 82.9 = —-09 (—0.9y = 0.81
84 - 82.9 = 1.1 (1.1 = 121
82 - 82.9 = —-09 (—0.9 = 0.81
84 - 82.9 = 1.1 (1.12 = 121
82 - 82.9 = —09 (—0.9y = 0.81
84 - 82.9 = 1.1 (1.1 = 121
82 - 82.9 = -0.9 (=0.9y = 0.81
83 - 82.9 = 0.1 (0.1 = 0.01
84 - 82.9 = 1.1 (1.1 = 1.21
Sum = 8.9

Step 5: The value from Step 4 is multiplied by 2: 8.9 x 2=17.8.
Step 6: The C score is computed using the formula.
C = 1-[value from step 2 /value from step 5]
=1-[13/8.9]
=1-1.46
=-0.46

Step 7: The standard error for the C statistic is computed using the formula.
Standard error = V(n —2)/(n — 1)(n + 1), in which n = the number of data in the series data
from which the C statistic is computed.

Standard error = V(10 — 2)/(10 — 1)(10 + 1) = v/8/99 = 1/0.0808 = 0.284
Step 8: In determining whether the C statistic is significant, a Z score is computed by dividing
the C statistic value from Step 6 by the standard error from Step 7.
Z = step 6/step 7
= —0.46/0.284
=-1.62

Step 9: Statistical analysis: for any series data with 10 data points, a Z of 1.64 or more is
significant at a level of p < 0.05. The results of Z calculation in the baseline phase shows
—1.62, which is less than the required 1.64, indicating that the trend does not exist.
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Step 10: Data in the intervention phase are included with the baseline phase and completed as
in Step 2.

82 —82=0 0*=0
84 —82=2 (27=4
84 —82=2 (=4
84 —82=2 =4
83 —84=—1 (-1%=1
83 — 85=—-2 (-2)%=4
85 — 85=0 (0=0
87 — 88=—1 (-1)%=1
90 —93=-3 (=3)*=9
94 —-94=0 (0=0
Sum =27

Step 11: The mean value for the baseline points is calculated: 82 + 82 + 84 + 82 + 84 + 82 + 84 + 82
+83+84+83+85+85+85+87+88+90+93 +94 + 94 =1713/20 = 85.65.

Step 12: The value of the mean-difference for each set of data is calculated by subtracting each
raw score from the mean value of squared results before summing up the squared mean
difference.

82 - 85.65 = —3.65 (—3.65) = 13.32
82 - 85.65 = —3.65 (—3.65) = 13.32
84 - 85.65 = —~1.65 (1.65)* = 2.72
82 - 85.65 = —3.65 (—3.65) = 13.32
84 - 85.65 = ~1.65 (1.65) = 2.72
82 - 85.65 = —3.65 (—3.65) = 13.32
84 - 85.65 = ~1.65 (1.65) = 2.72
82 - 85.65 = —3.65 (—3.65) = 13.32
83 - 85.65 = —2.65 (—2.65) = 7.02
84 - 85.65 = ~1.65 (1.65) = 2.72
83 - 85.65 = — 265 (—2.65) = 7.02
85 - 85.65 = —0.65 (—0.65) = 0.42
85 - 85.65 = —0.65 (—0.65) = 0.42
85 - 85.65 = —0.65 (—0.65) = 0.42
87 - 85.65 = 135 (1.35) = 1.82
88 - 85.65 = 2.35 (2.35) = 5.52
90 - 85.65 = 435 (4.35) = 18.92

93 - 85.65 = 7.35 (7.35) = 54,02
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94 - 85.65 = 8.35 (8.35) = 69.72
94 - 85.65 = 8.35 (8.35) = 69.72
Sum = 312.55

Step 13: The value from Step 12 is multiplied by 2: 312.55 x 2 = 625.1.

Step 14. The C score is computed using the formula.

C =1 — [value from step 10/value from step 13]

=1-[27/625.1]
=1-0.043
=0.957

Step 15: The standard error for the C statistic is computed using the formula.
Standard error = V(1 —2)/(n — 1)(n + 1), in which n = the number of data in the series data
from which the C statistic is computed.

Standard error = V(20 — 2)/(20 — 1)(20 + 1) = 1/18/399 = 1/0.045 = 0.212

Step 16: In determining whether the C statistic is significant, a Z score is computed by dividing
the C statistic value from Step 14 by the standard error from Step 15.

Z = step 6/step 7
=0.957/0.212
=4.514

Step 17: Statistical analysis: for any series data with 20 data points, a Z of 1.64 or more is
significant at a level of p < 0.05. The results of Z calculation in the baseline and intervention
phases show 4.514, which is more than the required 1.64. This presents a statistically signifi-
cant trend across the baseline and intervention phases, or the breathing exercise in this case
affects oxygen saturation in the clinic when compared to the baseline phase.

5. Discussion and critical point for a single-case research study

All details and data on examples show the procedure for presenting a single-case research
study, due to the limitation on conditions, rare cases, and interesting treatment [3]. A basic
procedure of a single-case design, with visual graphs of 6-8 data points in each phase [15],
including mean level and cerelation line in baseline phase, can be presented [8]. When the data
in each period at either baseline or intervention have no series dependency, a clinically signif-
icant difference of the treatment can be evaluated by comparing the baseline or pre-treatment
using the Bloom Table, C statistic, or paired t-test [22, 25, 28, 29]. Moreover, the different types
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of single-case experimental designs as alternating treatment, introduction/withdrawal designs,
or multiple baseline designs are very interesting in physical and rehabilitation medicine [30].
However, an update on evidence in using a single-case design reported that it risks a bias tool
(SCD RoB) based on current conceptualizations of biases, as well as the Cochrane risk of bias
criteria. Therefore, contemporary single-case design quality should be applied for demonstrat-
ing and providing initial validation in research using such a design [31]. In order to demon-
strate a single-case research study, the clinical details or characteristics of a subject must be
presented as in previous study; such as illness history, medical diagnosis, laboratory results,
and prior medical treatments during 7 days of pre-treatment, during treatment and/or
posttreatment with an ABA study design. It is important that the condition of a patient, its
stability or constancy, is reported for at least 7 days in COPD patients [12]. Their arterial blood
gas (ABG), complete blood count (CBC), blood chemistry, liver function test, chest X-ray, and
sputum culture also are reported. The results presented the autocorrelation values in each
phase, which was less than 2/N7 or 0.756. Therefore, it can be assumed that the results have no
autocorrelation within the data, so changes in the data did not reflect the time dependence or
pathological condition [22]. In addition, a previous study on a scleroderma patient having
short-term chest physical therapy (CPT) for 7 days compared pre-treatment with an A-B
design and showed that CPT significantly reduced the dyspnea score and respiratory rate and
increased chest expansion and maximal inspiratory mount pressure (PImax) by using Bloom
Table analysis [13]. Therefore, both previous studies present the effectiveness or benefits of
rehabilitation in specific patients. Thus, in order to present the effectiveness of therapy or
rehabilitation, all details of treatment also should be cleared and more details given such as
techniques, frequency, intensity, and timing. When specific treatment is performed, the out-
comes should be recorded daily before statistical analysis. For good data presentation, graph
lines with scattered plotting, mean level, and autocorrelation must be presented in each phase.
Finally, the clinical effectiveness of treatment must be shown by using the statistical protocol,
such as the celeration line from the baseline to treatment phase and Bloom Table analysis. In
addition, the statistic nonparametrical paired t-test or one-way ANOVA or C statistic can be
used for confirmation as same as in a previous review meta-analysis suggestion [32].

6. Conclusion

The effectiveness of rehabilitation can be seen under a single-case research design as well as in
practice of psychology research [33]. Firstly, data collection should be performed at least 5 days
before starting intervention or treatment in order to obtain higher stability for the condition of
the patient. Secondly, scattering the data from baseline and intervention with visual graph
lines must be carried out. Thirdly, trend lines and the mean values in each phase should be
calculated and plotted. Fourthly, series dependency or autocorrelation coefficient must be
calculated and indicated on the graph. Finally, statistical analysis of the effectiveness of treat-
ment can be performed by comparing with the celeration line, which has been drawn manu-
ally using the spilt-middle method or fit curve from baseline phase, and underlining the Bloom
Table. Moreover, the nonparametrical paired t-test or binomial test can be used. Although
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there are some limitations in this method, due to the small data collection and series depen-
dency of data within each phase, it has easy-to-understand visuals and shows the trend.
Therefore, a single-case research design is one of the many statistical protocols that can be
applied for clinical scientists or therapists in order for them to represent the effectiveness of
treatment in rare cases and present interesting results. Furthermore, the results of a good
research design can be developed into a standardized statistical model, with a larger sample
size, control subjects, and parametric statistical protocol in the future.
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Abstract

Chronic obstructive pulmonary disease (COPD), is today one of the world’s most common
chronic diseases, estimated by the World Health Organization to be the third leading cause of
death worldwide by the year 2030. An often neglected aspect of COPD is that the course of the
disease is linked to extrapulmonary manifestations that are currently not dealt with optimally,
but that has a direct and substantial impact on the condition. Limb muscle dysfunction, at the
functional level defined as the reduction of either strength or endurance (or both) properties of
the muscle, is highly prevalent in COPD, closely linked to critical clinical and prognostic out-
comes including functional status, quality of life, and even mortality. If the goal is to improve
limb muscle function among people with COPD is exercise training recommended before
other treatment modalities, highly prioritized in international guidelines. In this chapter, why
and how to assess and manage limb muscle dysfunction among people with COPD will be
targeted, highlighting the vital role of physical therapy and the physiotherapist.

Keywords: chronic obstructive pulmonary disease, limb muscle dysfunction, muscle
strength, muscle endurance, dynamic measurements, static measurements, exercise
training, resistance training

1. Introduction

Chronic obstructive pulmonary disease (COPD) is one of our most common chronic diseases
and accounted for 2.6% of the entire global burden of disease 2015 with 63.9 million disability-
adjusted life years. From 1990 to 2015, the prevalence of COPD increased by 44.2% and is now
estimated to 174.5 million people worldwide [1]. COPD is by the World Health Organization
anticipated to be the third leading cause of death worldwide by the year 2030.

Although COPD is primarily a disease of the respiratory system, with structural and func-
tional impairments of the lungs [2], the disease is often accompanied by manifestations outside

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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the lungs. One of the most common extrapulmonary manifestations in COPD is limb muscle
dysfunction, defined as a pathological change of muscle proprieties with a variety of structural
and morphological abnormalities that compromise the muscle function. The latter evidenced
by a reduction in the strength and/or endurance capacity of the limb muscles [3], with or with-
out a loss of muscle mass [4]. Limb muscle dysfunction is evident in up to a third of all people
with COPD and closely linked to the prognosis of the disease. For example, individual factors
such as reduced mid-thigh cross-sectional area [5], fat-free mass [6], lower quadriceps strength
[7], and vastus lateralis fiber type shift [8] are all predictors of mortality in COPD. Additionally,
limb muscle dysfunction is also associated with other important clinical outcomes including
reduced quality of life [9], reduced exercise tolerance [10-12], and higher healthcare use [13].

Thus, the clinical and prognostic importance of limb muscle dysfunction in COPD stress the
importance of assessing the limb muscle and develop therapies aiming at stopping or slowing
down the progression of limb muscle dysfunction, for which the physiotherapist has a crucial
role. In this chapter, the etiology and pathophysiology of limb muscle dysfunction in people
with COPD will be briefly overviewed; the main objective is to highlight why and how to
assess and manage limb muscle dysfunction in people with COPD within the clinical context.

2. Features and importance of limb muscle dysfunction in COPD

Limb muscle dysfunction includes a variety of structural and morphological abnormalities
within the muscle resulting in muscle atrophy, weakness, and reduced endurance [4, 14].
Most studied is the quadriceps muscle, this since the quadriceps muscle is an essential muscle
for everyday activities such as standing up and walking.

Aspects of limb muscle dysfunction in COPD include larger amounts of intramuscular fat [15]
effectively reducing the contractile mass within the muscle; mitochondrial dysfunction includ-
ing a reduced absolute and relative number of mitochondria but also a changed oxidative capac-
ity of the mitochondria [16]; and a shift from muscle fiber type I toward fiber type IIx which is
inconsistent with healthy aging and displays the muscle’s poor ability for aerobic work [17].

The structural changes affect functional capacity with impairments such as reduced oxidative
capacity and a greater reliance on anaerobic work [18], as well as reduced muscle strength or
endurance [3, 19]. It should be noted that the structural changes mentioned here apply to the
quadriceps muscle, and other muscle groups, especially upper limb muscle are not affected
to the same extent [20]; thus, limb muscle dysfunction is a heterogenic rather than homog-
enous process. Furthermore, physiological responses to activities can be different across limb
muscles and depending on the type of exercise performed [21-27].

2.1. Etiology and pathophysiology of limb muscle dysfunction

People with COPD are inactive [28], and deconditioning due to disuse seems to play a vital
role in limb muscle dysfunction. There is, however, evidence to suggest that the limb muscle
dysfunction is linked to COPD or at least share the same contributing risk factors. Thus, limb
muscle dysfunction is not as simple as a direct consequence of inactivity and disuse (Figure 1).
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First, when people with COPD are compared to people without COPD but matched with
equally low physical activity levels, differences in structure and function remain [29]. Second,
quadriceps weakness occurs already in the early stages of COPD [30] when the reduced
respiratory capacity should be of minor importance. And third, the training response seems
blunted on a structural level for people with COPD [31]. Additional systemic factors, including
tobacco smoking, systemic inflammation, exacerbations, nutrition, gas exchange abnormali-
ties, and drugs, can also influence the function of both respiratory and peripheral muscles,
by inducing changes in their local microenvironment. Under all these circumstances may,
protein metabolism imbalance, oxidative stress, inflammatory events, as well as muscle injury
occur, determining the final structure and modulating the function of different muscle groups.
For thorough reviews of the pathophysiology, we refer to other sources [4, 32]. Last, the het-
erogeneity of limb muscle dysfunction in COPD emphasizes a need for specificity, which is
equally true for assessment of the limb muscles as well as concerning therapies. We, therefore,
present aspects of limb muscle dysfunction separate and do not have a one solution fits all.

2.2. Muscle mass

Muscle mass refers to the amount of muscle available for contractile work and can be reported
on a whole-body level, a segmental level, the individual muscles, or on a muscle fiber level
depending on the assessment method. Reduction or loss of muscle mass is the leading cause
of weight loss within the COPD population [33] and has been demonstrated to be a better
predictor of health-related quality of life [9] and survival [5] than, for example, body weight
or Body Mass Index (BMI) [34]. Reduced limb muscle mass over time can be defined as muscle
wasting and is part of sarcopenia (that is, changes in muscle proprieties due to aging) and
cachexia (defined as a complex metabolic syndrome associated with underlying illness and
characterized by loss of muscle with or without loss of fat mass) [35].
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Figure 1. Illustration of the complex interplay of factors and outcomes were limb muscle dysfunction playing a role for
people with COPD, some have been thoroughly studied whereas others have not.
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Fat-free mass is frequently used as a proxy for muscle mass on a whole-body level and is
usually reported as a fat-free mass index by dividing the fat-free mass by the individual’s
length in meters squared (fat-free mass/m?). Several criteria have been suggested to define
low muscle mass, but irrespective of the criteria used, low muscle mass is common in COPD
[4]. Moreover, a low-fat free mass index has been reported in 26% of patients with COPD
with a normal BMI [36]. Irrespective of BMI, a low-fat free mass index is a strong predictor of
mortality [6], and mid-thigh cross-sectional area is a better predictor of mortality than body
mass index [5]. A fat-free mass index <16 kg/m? (male) or <15 kg/m? (female) is linked with
approximately a twofold increase in mortality among people with COPD [6, 37, 38]. A low-fat
free mass is also associated to reduced quality of life [9]. Another important notion is that the
lower limb muscles are particularly vulnerable to the muscle wasting process in COPD [39,
40], and the loss of thigh muscle mass is relatively more significant than that of whole-body
weight, indicating a preferential loss of muscle mass in the legs of people with COPD [41].

2.3. Muscle strength

Reduced muscle strength or muscle weakness, defined as the force generated by a specific
muscle or group of muscles in a single contraction [42], has been found in one-third of people
with COPD attending hospital respiratory outpatient services [43]. However, when quad-
riceps strength is normalized by thigh muscle cross-sectional area or by muscle mass, the
difference may no longer be significant [41, 44]. Therefore, the reduced quadriceps strength
could mostly be a reflection of the loss in muscle mass [40]. This finding is not universal, and
the weakness is sometimes disproportional to the reduction in muscle mass [43]. A dispro-
portional reduction in quadriceps weakness may occur in individuals with a high dose of oral
corticosteroids [41]. This may however only apply to individuals treated with a high dose
of oral corticosteroids over long periods, as no further decrease in quadriceps strength was
reported in short-term corticosteroid-treated people with COPD compared with untreated
people with COPD [45]. Reduced limb muscle strength is associated with reduced exercise
tolerance [10, 11], mortality [7], and higher healthcare use [13].

2.4. Muscle endurance

Quadriceps muscle strength and quadriceps muscle endurance are both reduced in people
with COPD. However, quadriceps muscle endurance, defined as the ability to maintain or
repeat a contraction over time [42], might be more reduced than quadriceps strength. For
example, quadriceps muscle endurance has been reported to be reduced with up to 82%
among men and up to 76% among women compared to matched people without COPD,
while quadriceps muscle strength was decreased with 29 and 19% among men and women,
respectively [3]. Furthermore, using a non-volitional approach with a magnetic nerve stimu-
lator strapped around the quadriceps muscle, people with COPD had approximately 45%
of the muscle endurance capacity of people without COPD [46]. However, the variability
between studies is vast, and it is probably due to differences in test procedures since quad-
riceps muscle endurance has been assessed in numerous ways [19]. Limb muscle endurance
is essential for work tolerance over time, and it has been shown that people with COPD rate
leg fatigue higher than dyspnea in exercise tests [47]. Quadriceps endurance also seems to be
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closer related to functional tests such as the 6-minute walk test than the quadriceps strength
[48-50], implicating importance for performing daily activities. Contradictory to quadriceps
strength, quadriceps endurance to muscle mass ratio is lower in people with COPD compared
to people without COPD [51], and people with COPD, regardless of fat-free mass, have a
higher degree of fatigue during endurance tests compared to people without COPD [52].
Most studies have been conducted in a population of severe COPD, but the reduced quadri-
ceps muscle endurance is also evident in people with mild to moderate COPD [53].

2.5. In summary

Limb muscle dysfunction encompasses several manifestations including, muscle atrophy and weakness, reduced
endurance, and susceptibility to muscle fatigue, which reflects both structural and morphological muscle adapta-
tions that are seen in limb muscles among people with COPD.

Limb muscle dysfunction is evident in up to a third of all individuals with COPD and has a direct and substantial
impact on the condition. For example, limb muscle dysfunction is intimately linked to relevant clinical outcomes,
including physical activity, exercise tolerance, quality of life, healthcare use, and even survival.

Thus, limb muscle dysfunction is an essential area for physical therapy and should be prioritized among
physiotherapists.

3. How to assess limb muscles in clinical practice

Assessment of limb muscle mass and function should always be a priority within clinical
praxis of COPD management, due to its clinical and prognostic relevance [4, 54, 55].

Considering the complexity of limb muscle dysfunction in COPD, no single test could be used
to assess and monitor all aspects of the limb muscles within the COPD population, resulting
in a wide range of available tests and measurement techniques [14, 54-56].

When deciding on how to assess limb muscles in clinical practice, several factors should be
considered and will influence the choice of technique and strategy used. Table 1 highlights
some factors that physiotherapists need to take into account when making this decision [55].

For example, among people with COPD, assessment of limb muscle mass and function should
always include the quadriceps muscle due to its clinical and prognostic value [4, 7]; however,
as all assessments are muscle group-specific, other limb muscles may also be assessed to pro-
vide valuable information [4].

Furthermore, the availability of measurement equipment will likely vary between clinical set-
tings and contexts, thus impacting the choice of the assessment strategy. The physiotherapist
needs to acknowledge that measurement equipment and assessment strategies are not inter-
changeable and may provide different information even if the goal of the assessment would
be the same [55, 57].

Different assessment strategies might also vary concerning important quality aspects, includ-
ing but not limited to validity, reliability, and responsiveness. For example, test-retest reli-
ability is of importance to consider when performing assessments before and after exercise
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*  What is the aim of the measurement?

For example, diagnostic purposes? Evaluation purposes?

¢ Which muscle(s) should we target?

For example, upper extremity/lower extremity, unilateral/bilateral, one/several muscle(s).
*  Which aspect(s)?

For example, muscle mass, strength, endurance, fatigue, power, etc.

¢ Which type(s) of muscle contraction?

For example, static/dynamic concentric/eccentric, volitional/non-volitional.

¢ Which equipment?

For example, weight-machines/free-weights, elastic/functional, availability.

® Measurements quality.

For example, validity, reliability, accessibility, feasibility, responsiveness.

Table 1. Factors to consider when deciding on how to assess limb muscles [53].

interventions to interpret findings [57-61], while validity, for example, could be an issue when
using simple field tests to provide information on aspects of limb muscle function [62-65].

Irrespective of the goal of the measurement technique used, standardization plays a
crucial role to increase the measurement quality when assessing limb muscles in COPD,
including standardization of preparation guidelines (e.g., guidelines for medications, caf-
feine, activities, etc. before an assessment), equipment (e.g., free weight/weight-machines/
dynamometers), instructions (e.g., written/oral/visual), familiarization (to minimize learn-
ing effect), warm-up (e.g., general vs. specific warm-up of targeted muscles), positioning,
the range-of-motion (e.g., start and end positions), velocity (e.g., seconds in concentric/
eccentric phase of movement), and rest (between contractions/sets, etc.). For further details
on what to consider to standardize assessments, we refer to previously published work
[42, 54, 55].

Nevertheless, irrespective of all factors to consider when deciding on how to assess limb
muscles in clinical practice, the take-home message is that the limb muscles should be evalu-
ated. Despite the prognostic and clinical relevance of limb muscle dysfunction in people
with COPD, and even though assessment of limb muscles is recommended in international
guidelines [4], it remains to be an integrated part of the routine evaluation and management
of COPD.

3.1. Muscle mass

Assessing only BMI is inadequate to quantify the impact of COPD on different muscle com-
partments or to provide valid information on muscle mass [36] since BMI does not give any
information on body composition or fat distribution [54]. Instead, fat-free mass could be tar-
geted and is frequently used as a proxy for muscle mass on a whole-body level among people
with COPD [4].
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The gold standard and reference method in COPD for assessing fat-free mass is through
determining total body water by deuterium dilution [66]; however, this technique is invasive,
and use of the method is likely limited to research centers [56]. Fat-free mass could also be
assessed using simple techniques such as skinfold anthropometry. However, this technique
generally overestimates the fat-free mass when compared to other techniques, especially if
measured on more obese individuals [67, 68].

Two techniques that are realistic to be used in the clinical environment to monitor and provide
accurate assessments of fat-free mass in COPD are bioelectrical impedance (BIA) and dual-energy
X-ray absorption (DEXA). Both techniques are noninvasive and have shown to provide valid and
reliable information on the distribution of fat-free mass among people with COPD [7, 67, 69-71].
BIA has the advantage of being less expensive and often more easily accessible than DEXA in
clinical settings [69]. When estimating fat-free mass from BIA, it is vital to use equations that have
been validated within the COPD population and to be cautious with built-in equations provided
by manufacturers [72, 73]. Also of importance is that since BIA is influenced by total body water,
fluid balance and time of day need to be controlled, primarily when a longitudinal assessment
is performed. For example, if used as an outcome measure after an exercise training period [54].
About the latter, it should be noted that even though BIA (and DEXA) assessments could provide
information for body compartments (e.g., left/right arm, trunk, left/right leg), these techniques
might be less sensitive to change than if direct assessments of regional muscle mass using more
advanced techniques such as computed tomography, magnetic resonance, or ultrasound imag-
ing are performed [27, 74]. Furthermore, the correlation between local and whole-body muscle
mass is weak in COPD, thus suggesting that direct assessment of regional muscle mass indeed
has additional value [74]. Nevertheless, as availability of different measurement equipment
likely varies between clinical settings, it is important to note that, except BMI measurements,
all techniques listed above theoretically could be used to assess muscle mass in people with
COPD. However, the physiotherapist needs to acknowledge and take into account the advan-
tages and disadvantages of each technique when performing the assessment.

3.2. Muscle strength

Assessment of limb muscle strength could be done in numerous ways using both volitional
(effort dependent) and non-volitional (independent from the patient’s motivation and effort)
techniques. Both techniques provide valid and reliable results independent of disease sever-
ity [58, 59, 65, 75]. Even though non-volitional assessments of muscle strength could be per-
formed through electrical or magnetic stimulation of the muscle or its motor nerve [76], these
non-volitional techniques are in a similar way as assessing total body water by deuterium
dilution (to determine muscle mass), mainly limited to research centers and clinical research
[14]. Non-volitional assessments are also rarely used within COPD research to assess the effect
of exercise interventions over time [26]. Thus, voluntary, effort dependent maneuvers, is the
most clinically feasible way of measuring limb muscle strength in people with COPD [77].

Limb muscle strength measurements could be performed using various devices and tech-
niques, including strain gauges, handheld or fixed portable dynamometers, weight machines,
or manual muscle testing techniques as well as more complex systems such as computerized
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dynamometers [78, 79]. Furthermore, such assessments could be performed using static (iso-
metric), or by using dynamic (isotonic [fixed external loading] or isokinetic [fixed speed of
movement]) techniques (Table 2).

To date, static measurements of quadriceps muscle strength have been put forward and
recommended, as they provide essential prognostic information [7]. Static measurements of
grip strength have also been used among people with COPD; however, current research is
contradictory, and grip strength does not appear to be associated with disease severity or to
be decreased more than among the general older population [80], even though this is not a
universal finding [81]. Even though static measurements of quadriceps muscle strength is rec-
ommended, recent literature suggests that dynamic measures of limb muscle strength should
not be neglected as the dynamic capacity of the muscle seems to be more closely related to
factors associated with functional tasks, such as walking or standing up from a chair, than
isometric (static) measurements [49, 79].

Thus, the decision on how to assess muscle strength should be dependent on the clinical
question we would like to answer.

3.3. Muscle endurance and fatigue

Assessment of limb muscle endurance could in a similar way as limb muscle strength mea-
surements were performed using both volitional and non-volitional techniques, with the
former being the most clinically feasible. In COPD, direct measures of limb muscle endurance
have primarily targeted the quadriceps muscle using sustained (isometric) or repeated (iso-
kinetic/isotonic) contractions [19], providing reliable results [57].

However, as the endurance capacity of the limb muscles reflect the ability to perform tasks
requiring a low number of contractions such as climbing a set of stairs as well as tasks requir-
ing a high number of contractions such as bicycling or walking over a long distance, it is
apparent that the same method cannot be used to evaluate muscle performance in both situa-
tions and that no single test can evaluate all aspects of limb muscle endurance [19].

Isometric” Isokinetict Isotonic*

Strength Performing 3-5 MVC held Performing a minimum of Performing a 1 RM test following
for ~5 s, spaced with 30-60s ~ 3-5 maximal contractions ACMS guidelines with the addition
rest periods at a fixed at an angular velocity of of standardized range-of-motion and
position. 60°-90°s speed of contraction

Endurance Sustained contraction atan  Total work obtained from A maximum number of repetitions
intensity equal to 20-60% of  (typically 30) maximal performed using external loads
isometric MVC until failure  contractions at an angular corresponding to 10% up to 50% of the
using visual feedback velocity of 60°-90°s individual 1 RM until failure.

MVC, maximal voluntary contraction; ACSM, American college of sports medicine; RM, repetition maximum.
"Normally 60°-90° flexion.
*Normally 90° flexion to full extension.

Table 2. Commonly used procedures for assessment of quadriceps muscle strength and endurance among people with
COPD [19, 55, 58, 61, 79, 82].
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Thus, to date, there is no specific recommendation on how to assess limb muscle endurance
among people with COPD, and a vast variation of techniques and strategies have been used,
including both static and dynamic measurements [19]. Similarly, as for limb muscle strength
assessments, dynamic measurements of quadriceps endurance seem to be more closely
related functional tasks than isometric measurements [49].

Furthermore, in comparison to limb muscle strength, the endurance capacity of the limb
muscles does also seem to be more closely associated with both upper and lower limb func-
tional capacity among people with COPD [50], highlighting one reason for why the endur-
ance capacity of should not be neglected when assessing the limb muscles. For an example of
commonly used procedures for quadriceps muscle testing see Table 2.

3.4. Functional testing

In the assessment of limb muscles in people with COPD, the use of functional tests is quickly
becoming more and more popular. One key advantage of using functional tests is that they
are often cheap, time-efficient, and require minimal equipment and usually a limited amount
of space. Furthermore, as there is more to limb muscle function in COPD other than strictly
the ability to exert a specific torque over a particular period of time [55], functional tests
may provide valuable information that cannot be obtained from direct measurements of limb
muscle function or mass.

Several different functional tests have been used in people with COPD, with field walking tests
and different versions of the sit to stand test, being the most common in recent years [62, 83].

Similarly, as for direct measurements of limb muscle mass and function, different functional
tests provide various information depending on which test is used, and the physiotherapist is
required to use different tests depending on the objective of the assessment.

Furthermore, the physiotherapist should keep in mind that functional tests and limb muscle
function assessments evaluate different constructs (as evident by low to moderate associa-
tions between limb muscle function assessments and functional tests), and thus cannot replace
another [49, 79, 84]. Therefore, when deciding on how to assess the limb muscles in COPD, the
objective should always be the driving factor.

3.5. In summary

Assessment of limb muscle mass and function should be part of the routine management of people with COPD. One
aspect that sometimes is overlooked is the complexity, a wide variety of assessment methods could be used for this
purpose.

Examples from this chapter include muscle mass assessed on whole-body level [6] or by a thin slice of the thigh
[5], quadriceps strength, and endurance that could be measured static [43] or dynamic [40], resulting in somewhat
different conclusions dependent on the type of assessment performed. As such, several factors need to be taken
into account by the physiotherapist when deciding on how to assess limb muscle mass and function in COPD (see
Table 1 for further details).

Nevertheless, standardization of testing procedures is of utmost importance to provide accurate and reliable assess-
ments, irrespective of measurement technique used.
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4. How to improve limb muscles among people with COPD?

Strategies aiming at stopping or slowing down the progression of limb muscle dysfunction
are highly warranted, and interventions focusing on exercise training, nutritional supplemen-
tation, and medication alone, or in combination, have all been shown to improve various
aspects of limb muscle function and mass in people with COPD [4]. The focus in this section
will be on the use of exercise training, this since exercise training is recommended before all
other available modalities or combination of modalities [4].

4.1. Exercise training

In one sense, exercise training interventions for people with COPD are no different than for
other populations; the same general exercise principles (specificity, progression, reversibility,
periodization, etc.) and acute program variables (choice of exercise, order of exercise order,
intensity [duration], number of sets, rest period lengths, type of muscle action, speed of move-
ment, volume, frequency, etc.) apply [85-87]. However, for people with COPD, some of these
variables might need to be altered to maximize benefits [88].

Considering the complexity of limb muscle dysfunction in COPD, no single exercise regimen
could be used to target all aspects of the decreased function and altered structure of limb mus-
cles [4, 26]. In a recent review, the effects of different modalities including aerobic or resistance
training, high-intensity interval training, electric or magnetic muscle stimulation, whole-body
vibration, and water-based exercise modalities to improve limb muscle function and mass
among people with COPD were summarized. Overall, limb muscle strength was increased in
78%, limb muscle endurance in 92%, and muscle mass in 88% of the cases where that specific
aspect of the limb muscle was measured [26] using these different modalities. On average, this
corresponded to a mean increase in limb muscle strength of 15-34%, limb muscle endurance
of 8.7-96.6%, and limb muscle mass of 4.2-12.1% and was highly dependent on which type
of assessment strategy used. For limb muscle strength and endurance, isotonic assessment
strategies seemed to be most responsive while for muscle mass, direct measurements using
ultrasound demonstrated the most substantial adaptations, independent of exercise modality
used [26]. However, there is considerable heterogeneity in the type of exercise modalities
used, and it is currently unknown which type of exercise modality that is most effective in
different subgroups of people with COPD. To date, several different exercise modalities are
available for people with COPD including but not limited to resistance training (strength or
endurance targeted), aerobic training (continuous or interval), whole body vibration training,
neuromuscular electrical stimulation, active mind body therapies (e.g., Tai Chi, Qigong, etc.),
as well as using different strategies to structure (e.g., nonlinear periodization) or to perform
(e.g., single limb) exercises [21-25, 89]. Nevertheless, the most commonly used approaches are
aerobic and resistance exercises, and in the design of both modalities for people with COPD,
the American College of Sports Medicine frameworks [85, 86] has been recommended [88].
However, even though both continuous and interval training have shown positive effects of
limb muscle function and mass in people with COPD, if the aim is to increase these aspects of
the limb muscles in COPD, resistance training may be a more effective modality than aerobic
exercises [90-93].
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More significant effects on muscle strength have been observed after resistance training in
comparison to aerobic training alone or when resistance training is added to an aerobic train-
ing protocol [88, 91, 93]. This fits with the specificity principle of exercise, that is, that exercise
adaptation is specific to the type of activity and the volume and intensity of the activity per-
formed [86, 94]. However, this also means that different kinds of resistance training protocols
are necessary to target various aspects of limb muscle dysfunction. For example, if the goal is
to improve limb muscle strength and mass, high-load/low-repetition programs are favorable
[92, 95, 96], while if the goal is to enhance limb muscle endurance, low-load/high-repetition
programs should be used [86, 96, 97]. In addition to decreased limb muscle mass and function,
limb muscle dysfunction in COPD is also characterized by altered intramuscular character-
istic, that is, structural and muscle metabolic alterations on the functional level result in the
decreased function of limb muscles in COPD [4, 31]. Thus, of importance is that exercise-
based training interventions also result in both structural and metabolic changes within the
limb muscles [31], including, but not limited to, changes in fiber type proportion, fiber size,
capillary to fiber ratio, muscle protein turnover regulation, and mitochondrial enzyme activ-
ity, while markers of oxidative and nitrosative stress and inflammation does not seem to be
affected [31]. However, in a similar way as for effects on muscle mass and function, exercise
responses are heterogeneous, dependent on the type and intensity of the activity performed.
Alterations in fiber proportion, fiber size, and capillary to fiber ratio tend to increase more
after combined aerobic and resistance training, but predominantly with excellent results after
higher intensity interval training [31]. Thus suggesting that the intensity of the activity per-
formed is of importance to achieve intramuscular adaptations, even though this needs to be
confirmed in future studies.

4.2, In summary

Exercise training, and resistance training in particular, is the most efficacious approach to ameliorate limb muscle
dysfunction among people with COPD, with the latter resulting in the most substantial improvements in limb mus-
cle mass and function. However, COPD limb muscle is characterized by a large heterogeneity of muscle phenotypes
and muscle dysfunction, stressing the importance of identifying those specific factors that should be considered
in the development of individualized resistance training programs among people with COPD. Thus, no single
intervention is sufficient to target all aspects of limb muscle dysfunction in the disease. To achieve intramuscular
adaptations, exercise intensity seems to be an important factor, and high intensity interval training seems to be the
most promising approach. Lastly, irrespective of exercise training modality, general exercise principles and acute
program variables should always be incorporated when designing the exercise program.

5. Conclusions

Limb muscle dysfunction is a highly prevalent and clinically relevant manifestation of COPD,
closely linked to important clinical outcomes, including exercise tolerance, quality of life, and
survival. Limb muscle dysfunction seems to be heterogeneous, with the lower limbs, and the
quadriceps muscle in particular, mostly affected.

Assessment of limb muscle mass and function should be routinely performed in clinical
practice, and simple valid and reliable tools are available for the physiotherapist to use.
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Independent of measurement strategy, standardization of measurement properties are cru-
cial and several different factors such as type of contraction, choice of exercise or equipment
need to be acknowledged by the physiotherapist when deciding on how to assess the limb
muscles among people with COPD.

Lastly, to improve limb muscle mass and function, exercise training, and resistance training in
particular is recommended before other available modalities, and general exercise principles and
acute program variables should always be incorporated into the design of the exercise program.
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Abstract

Patients in intensive care unit (ICU) usually experienced being immobile and restrained,
and these can induce muscle weakness, cognitive impairments, psychological difficulties,
difficult weaning, and increased length of stay (LOS) in hospital. However, early mobili-
zation has multiple benefits including improved ventilation, perfusion, muscle strength,
and functional capacity.

Keywords: early mobilization, ICU-acquired weakness, intensive care unit,
mechanical ventilation, delirium, sedation

1. Introduction

Patients in the intensive care unit are often immobile and restrained, which can induce muscle
weakness, cognitive impairment, psychological difficulties, and difficulty weaning from mechan-
ical ventilation (MV) and may increase the overall length of stay (LOS) in the hospital. Long-term
complications such as postintensive care syndrome, intensive care unit (ICU)-acquired weak-
ness, physical debility, and neuropsychiatric dysfunction have become a clinical and scientific
focus, as their impact on long-term quality of life is becoming increasingly obvious [1].

Early mobilization, however, has multiple benefits, including improvements in ventilation,
perfusion, muscle strength, and functional capacity. Early mobilization of ICU patients,
defined as mobilization within 72 h of ICU admission, remains uncommon. In critically ill
medical and surgical patients, mobilization is well tolerated, even in intubated patients.

The purpose of this chapter is to provide a framework for early mobilization in critically ill
patients followed by a review of recent developments in the field.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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1.1. Critical care in ICU

Once a patient is admitted to the ICU, successful management should aim at patient survival.
While patient with the acute present illness, serious trauma, shock, or progression of chronic
illness may require intubation with mechanical ventilation. Intubation is the passage of an
artificial airway into the patient’s trachea, generally through the mouth (endotracheal tube
(ETT) intubation) or through the nose (nasotracheal intubation).

Over the last 50 years, mechanical ventilation has been an important tool for maintaining
a patient’s breathing and improving patient survival and recovery from life-threatening
diseases. As a result of mechanical ventilation, the mortality rate in intensive care units has
notably decreased. Recent data show that the mortality rate is 25-30% in patients with acute
respiratory failure [2]; the focus now must pivot to the sequela of survivors after critical ill-
ness. The sequela still exist, even after patients are discharged from the hospital, and the
symptoms include functional limitations, cognitive impairment, and mental disorders in the
months or even years after a critical illness.

On the other side, many standard ICU interventions have been shown to have negative effects
when used excessively: tidal volumes that are too large [3], too many blood transfusions [4],
too much oxygen [5], and too much sedation [6] can all have negative effects on outcomes.

Opver the past 10 years, there have been substantial decreases in mortality from such condi-
tions as acute respiratory failure and sepsis. Recent data, however, show that many survivors
are sent to rehabilitation centers. There is a high rate of mortality among survivors within
the first year after ICU discharge, although it is unknown how many survivors could have
returned home to stay with their family. For those who survive, the latest data show that
50-70% of ICU survivors will suffer cognitive impairment and 60-80% of survivors will suffer
functional impairments or ICU-acquired weakness (ICU-AW) [7].

2. Muscle injury during mechanical ventilation

After critical illness, muscle weakness emerges not only in the peripheral muscles but also in
the respiratory muscles, and it is believed to be a key factor leading to prolonged disability.
Limb muscle atrophy and functional limitations persist for months after recovery from a criti-
cal illness. Muscle weakness of the diaphragm is a key risk factor for prolonged mechanical
ventilation and causes long-term complications and death.

2.1. Intensive care unit-acquired weakness

Intensive care unit-acquired weakness is the most common neuromuscular impairment in
critically ill patients. There are several distinguishable types of ICU-AW, including critical
illness polyneuropathy, critical illness myopathy, or a combination of the two. Diagnosing
ICU-AW is difficult, although most clinicians use the Medical Research Council (MRC) sum
score. Handgrip is also often used to evaluate limb weakness and to determine if a patient is
ventilator dependent or may have difficulty weaning from a mechanical ventilator. Regardless
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Figure 1. Time course of limb and respiratory muscle weakness during mechanical ventilation. Respiratory muscle
weakness develops more rapidly than limb muscle weakness. Its influence on outcome is greater at an early stage (data
from [9]).

of the type of ICU-AW, clinicians must evaluate the patient’s muscle strength and assess the
electrophysiological functioning of the peripheral muscles and nerves. ICU-AW is associated
with difficulty in weaning from the ventilator, prolonged ICU stay, and higher hospitalization
charges and increases long-term morbidity and mortality [8].

Most studies include limited cases of diagnosed ICU-AW because they usually evaluate
patient weakness later in the course of disease or near hospital discharge. It is currently
unknown whether peripheral muscle weakness causes prolonged ventilator use. Recently,
Dres and colleagues revealed that, while limb muscle weakness noted at a patient’s first spon-
taneous breathing trial was not correlated with prolonged mechanical ventilation, diaphragm
muscle weakness did correlate. This result suggests that diaphragm muscle weakness induces
prolonged mechanical ventilation, which in turn increases the risk of developing sustained
limb muscle weakness and associated long-term functional impairment (Figure 1).

2.2. Definition

The term ICU-AW does not evaluate the time from admission to the ICU to the development
of muscle weakness in a patient. In truth, it more likely describes the final resulting weakness
that begins with any severe disease, regardless of the location of care. It is very important
to diagnose ICU-AW after the onset of critical illness, which is a major distinguishing factor
between ICU-AW and Guillain-Barre syndrome or other neuromuscular diseases that might
cause acute respiratory failure after ICU admission (Figure 2).

195



196 Physical Therapy Effectiveness

Frprehien Of Mutlie widker

-
syt sl T g e Crenidior
T, Tl Fvw wlH Ll umd RCE, EbG, Sl b o=t
s sl bl Pt of =i bty

o it A

- -

"'::: ]

MRBC
i ill

Figure 2. Diagnostic approach to patients developing intensive care unit-acquired weakness. EMG, electromyography;
ICU-AW, intensive care unit-acquired weakness; MRC, Medical Research Council; NCS, nerve conduction study; NM,
neuromuscular (data from [10]).

2.3. Epidemiology of ICU-acquired weakness

Neuromuscular dysfunction has long been recognized as correlating with critical illness. Sir
William Osler proposed a “rapid loss of flesh” in patients with severe sepsis in 1892.

In the 1960s, Mertens reported polyneuropathy in patients in a coma state, and proof of acute
myopathy was found in a patient with acute severe asthma. De Jonghe et al. reported that the
incidence rate of ICU-AW used by the Medical Research Council is 25.3% of patients receiving
mechanical ventilation for 7 days who had clear consciousness and could follow commands.
Dhand et al. reported overall, 30-50% of critically ill patients suffer from CIP, CIM, or a com-
bination of them.

2.4. Mechanisms

Patients with systemic inflammatory response syndrome and multiple organ dysfunc-
tion experiencing respiratory insufficiency are prone to CIP/CIM. Inflammation, apoptosis,
thrombosis, and oxidant injury constitute the basis of both multiple organ failure (MOF) and
peripheral neuromuscular abnormalities [11], so neuromuscular weakness because of CIP/
CIM is due to neural system participation in MOF [12].
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Figure 3. Mechanisms of injury to the limb and respiratory muscles during mechanical ventilation (data from [9]).

According to Bolton et al., microcirculation damage in peripheral nerves and muscles trig-
gered by sepsis has a critical role in the CIP/CIM pathogenesis. A wide range of factors con-
tribute to muscle injury and weakness in the context of critical illness. Schreiber et al. provide
a summary of these factors, focusing especially on those mechanisms offering potential tar-
gets for intervention (Figure 3).

2.5. Critical illness polyneuropathy

Criticalillness polyneuropathyisasensory-motoraxonal polyneuropathy. Electrophysiological
studies show a reduction in the amplitudes of compound muscle action potentials (CMAPs)
and sensory nerve action potentials (SNAPs), with normal or near-normal nerve conduction
velocity.

2.6. Critical illness myopathy

Critical illness myopathy is an acute original myopathy and is not correlated with denerva-
tion, which differentiates the electrophysiological and morphological reports [10].

These conditions often coexist, and the combination of CIP and CIM—indicated as critical ill-
ness myopathy and neuropathy (CRIMYNE) or critical illness polyneuropathy and myopathy
(CIPNM) —is the most common overlap syndrome (Table 1).

197



198 Physical Therapy Effectiveness

Condition Definition Diagnosis

Medical Research Council sum score of less than
48/60 or mean MRC score of 4 in all testable muscle
groups

Intensive care unit-
acquired weakness

Clinically detected, diffuse,
symmetric weakness involving
all extremities and respiratory
muscles arising after the onset of

Domi -hand h i f
critical illness ominant-hand handgrip dynamometry scores o

less than 11 kg (interquartile range (IQR) 10-40) in
males and less than 7 kg (IQR 0-7.3) in females

Critical illness
polyneuropathy (CIP)

An axonal, sensory-motor Reduced amplitude of compound muscle action
polyneuropathy with reduced potentials and sensory nerve action potentials with
nerve excitability and loss of axons normal or mildly reduced nerve conduction velocity
with preserved myelin sheet on electroneurography

Critical illness myopathy A primary acute myopathy

(CIM) with reduced muscle membrane
excitability and loss of myosin
filaments, fiber atrophy, and

Reduced amplitude of compound muscle action
potentials and normal sensory nerve action
potentials on electroneurography and reduced
muscle excitability on direct muscle stimulation

necrosis and myopathic motor unit potentials on needle
electromyography
Combined critical illness ~ Combined CIP and CIM Reduced amplitude of compound muscle action

polyneuropathy and
myopathy

potentials and sensory nerve action potentials
combined with myopathic features on needle

electromyography

Data from [13].

Table 1. Definition and diagnostic criteria of intensive care unit-acquired weakness, critical illness polyneuropathy,
critical illness myopathy, and combined critical illness polyneuropathy and myopathy.

2.7. Risk factors

There is an abundance of risk factors related to ICU-AW. In addition to disease severity
and ICU length of stay, SIRS, sepsis, multiple organ dysfunction syndrome, female sex,
severe asthma attack, electrical and ionic abnormalities, immobilization, malnutrition, cen-
tral nervous system failure, renal failure, low serum albumin, and vasopressor use have all
been correlated with a trend toward more severe neuromuscular dysfunction in critically
ill patients.

2.8. Bed rest

Disuse of muscles causes rapid muscle weakness and atrophy. Studies show that following
2 weeks of immobilization, young healthy adults experience a loss of muscle mass of 5-9% in
the quadriceps and a decrease of 20-27% in muscle strength. These impacts are often acceler-
ated and more obvious in aging adults, with a 3-6-fold greater rate of muscle wasting [14]. In
mechanically ventilated patients, skeletal muscle cross-sectional area can decrease by 12.5%
over the first week in the ICU [14].

The harmful impacts of prolonged immobilization on muscle structure and function have
long been known. During critical illness, the muscles are always in an unloaded condition
due to disease progression, sedation, and mechanical ventilation. This unloaded condition
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Skeletal muscle atrophy and weakness
Joint contractures

Thromboembolic disease

Insulin resistance

Microvascular dysfunction

Systemic inflammation

Atelectasis

Pressure ulcers

Data from [17].

Table 2. Complications of bed rest.

impacts not only the limb muscles but also the respiratory muscles, and it leads to muscle
atrophy resulting from inactivity and a reduction in myofibril tension [15].

Due to the nature of critical illness, medications (e.g., sedation), and devices (e.g., continuous
renal replacement therapy) used in the ICU, patients spend a great amount of time immobi-
lized in bed [16].

However, critically ill patients frequently remain on bed rest for many days to weeks and
suffer complications of bed rest (Tables 2 and 3). Prolonged bed rest and physical activity
restraint can result in ICU-AW, pressure ulcers, lung atelectasis, aspiration pneumonia, bone
mineral loss, muscle atrophy, hypotension, tachycardia, and cardiac output decreases, which
result in obvious declines in physical function [19].

2.9. Sedation

Many medications used to treat critically ill patients have myopathic effects. Sedatives can
exert both direct injurious effects and indirect effects by promoting rest and disuse atro-
phy. Heavy sedation from some medications such as benzodiazepines, propofol, fentanyl,
and morphine is needed in most critical illnesses in order for patients to cooperate with a
mechanical ventilator. Sustained neuromuscular blockade should be limited; it is therefore
helpful to decrease the dose and duration of NMBD administration, especially in high-risk
patients suffering from hepatic or kidney failure. Therapy with NMBDs and steroids for over
48 h increases the risk of acute myopathy, so the duration of their administration should be
as short as possible.

Neuromuscular blocking agents and steroids should be managed carefully, and when pos-
sible, safe, and clinically sound to do so, a daily interruption of sedation should be cautiously
undertaken. Heavy sedation should be adjusted following evidence-based strategies to
minimize immobilization. If a patient is agitated and requires a continuous sedative infu-
sion, short-acting titratable agents such as propofol are preferable over benzodiazepines to
minimize immobility.
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Musculoskeletal

® Decreased muscle protein synthesis

* Muscle atrophy and decrease in lean muscle mass
 Decreased muscle strength

® Decreased exercise capacity

 Connective tissue shortening and joint contractures
 Decreased bone density

* Pressure ulcers

Pulmonary

* Atelectasis

¢ Pneumonia

® Decreased maximal inspiratory pressure and forced vital capacity
Cardiovascular

¢ Decreased total cardiac and left ventricular size

® Decreased lower extremity venous compliance

* Orthostatic intolerance

* Decreased cardiac output, stroke volume, and peripheral vascular resistance
¢ Impaired microvascular function

® Decreased cardiac response to carotid sinus stimulation
Endocrine and metabolism

* Decreased insulin sensitivity

® Decreased aldosterone and plasma renin activity

* Increased atrial natriuretic peptide

Data from [18].

Table 3. Selected adverse effects of prolonged bed rest.

2.10. Sepsis

Infection is a major risk factor for the development of marked diaphragm weakness in
mechanically ventilated patients [20]. In patients with sepsis, diaphragm muscle strength
has been shown to decrease by an average of 50%. General muscle weakness in sepsis is
mediated by cytokines, oxidative stress, and the activation of proteolytic pathways. Sepsis
also weakens the body’s ability to deliver oxygen and impairs its use at the cellular level,
disrupting muscle metabolism and contractile function. Therefore, sepsis enhances muscle
membrane fragility, increasing its sensitivity to the damaging effects of loading. The bed
rest and immobilization associated with sepsis, however, may intensify the effects of the

systemic infection [9].
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2.11. Delirium and ICU-AW

Delirium is defined as an acute onset mental disturbance including loss of awareness and
cognitive impairment that changes over time. Delirium is a major complication in critical
illness as it shows a decompensation of brain function, a sudden brain failure, in response to
other pathophysiologic stressors [21].

It occurs in 60-80% of critically ill patients who are receiving mechanical ventilation
and in 20-50% of critically ill patients who are not receiving mechanical ventilation [22].
Prevalence rates of delirium in ICU-AW range between 20 and 40%. Hypoactive delirium in
particular is correlated with progressive clinical outcomes, such as prolonged mechanical
ventilation use, longer ICU and hospital length of stay, increased mortality rates, and cog-
nitive impairment for up to 1 year after discharge [23, 24]. However there is some strategy
to prevent delirium (Table 4).

2.12. Muscle weakness, nutrition, metabolism in ICU patients

A major concern in patients with critical illness is their inability to fulfill their own nutritional
needs, especially when using mechanical ventilation. Observational data show that malnutri-
tion is accompanied by poor outcomes in critical illness, and many providers have assumed
that this means that the use of artificial nutrition in these patients improves outcomes, regard-
less of baseline nutritional status.

Nutritional status is associated with weakness: starvation in healthy volunteers causes loss of
muscle mass, strength, and function [8].

Although the practice of providing nutrition to these patients is almost universal, the specifics
vary widely from one ICU to another and even among providers.

Nutrition in the intensive care unit remains challenging; patients in the ICU are always treated
using a multidisciplinary team approach, and care is determined by the patient’s condition,
the severity of their disease, and what they need.

However, differences in preferences among care providers increase the variations in opin-
ions related to controversial topics, especially in nutritional support. In critically ill patients,

Components of Henderson’s theory Bundle components
Breathe normally Sedation cessation
Participate in various forms of recreation Pain management
Communicate with others in expressing emotions, needs, fears, or opinions Sensory stimulation
Move and maintain desirable positions Early mobility

Sleep and rest Sleep promotion

Avoid environmental dangers and injury of others. Data from [22].

Table 4. Components of Henderson’s theory that align with components of the delirium prevention bundle.
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nasogastric tube feeding is often used due to its simplicity, relatively low cost, and decrease
in risk of catheter-induced complications.

Insufficient nutritional support in enterally fed patients remains a global concern; however,
as predicted and evaluated, energy insufficiency has been associated with poor outcomes.
For the first week following admission to the ICU, most patients experience energy deficits,
and these deficits are even more obvious when enteral nutrition is the only available method.
Sustained nothing per os (NPO) status in the ICU and the corresponding loss of lean body
mass should be at least as relevant as it is for other hospitalized patients.

Inflammation, infection, immobilization, and fatigue may result in noticeable delays in recov-
ery, but a formal evaluation of the 1-year post-hospitalization impact in a large population
of critically ill patients has not been completed, although dysfunctional status was found
5 years after an experience of acute respiratory distress syndrome. Overnutrition is more eas-
ily identified since many of its impacts are obvious and measurable, such as difficulty wean-
ing from a ventilator, heart disease, and fatty liver disease; other effects of overnutrition, such
as increased susceptibility to infection, are difficult to observe. Overnutrition has more often
been achieved with parenteral nutrition rather than enteral nutrition. Additionally, overnutri-
tion combined with bed rest has been found to lead to a greater loss of lean body mass.

A variety of metabolic derangements associated with critical illness can exacerbate muscle
weakness. Respiratory acidosis, hypercapnia, and hypokalemia contribute to reversible dia-
phragm weakness, whereas metabolic acidosis seems to have no effect [25]. Hypercapnia can
increase ventilator-induced diaphragmatic dysfunction, and hyperglycemia is a significant
risk factor for muscle damage. Long-term malnutrition is likened to ICU-AW as a result of a
shortage of protein in muscle tissue.

3. Early mobilization in IC

A lack of muscle loading and no contraction are a major cause of muscle damage and weakness, so
patient mobilization initiated as soon as possible is necessary to prevent this damage. Patient per-
formance of early mobilization with mechanical ventilation can be feasible and safe. The advan-
tage of passive range of motion exercises should not be ignored, as they can lengthen the muscles
when there is no active muscle contraction, leading to significant relief of muscle atrophy [26].

3.1. Safety and feasibility

Immobilization and restraint always occur during a patient’s stay in the ICU, leading to the
development of some complications, such as physical functional impairment, cognitive dys-
function, and neuromuscular weakness. Early mobilization has been proven to be a feasible,
safe, and important preventive measure. Many studies have shown that early mobilization
can be performed safely and without adverse events, even when the patient is receiving
mechanical ventilation, using an extracorporeal membrane oxygenation device or receiving
continuous venovenous hemofiltration [27].
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System Starting criteria Stopping criteria

Cardiovascular Heart rate: 60-130 beats/min Heart rate: <60 or >130 beats/min

Systolic blood pressure, 90-180 mmHg,  Systolic blood pressure, <90 or >180 mmHg, or mean
or mean arterial pressure, 60-100 mmHg arterial pressure, <60 or >100 mmHg

Respiratory Respiratory rate: 5-40 breaths/min Respiratory rate: <5 or >40 breaths/min
SpO2 > 88% SpO2 < 88%
Fi02<0.6 Concerns about the disconnection of the artificial
PEEP <10 airway

Artificial airway is properly secured
Other Able to open eyes to voice Changes in consciousness
New/symptomatic arrhythmia
Chest pain
Ventilator asynchrony
Falling down
Medical device removal

Patient intolerance or refusal

SpO2, peripheral capillary oxygen saturation; FiO2, fraction of inspired oxygen; PEEP, positive end-expiratory pressure.
Data from [31].

Table 5. Examples of safety criteria for starting and stopping rehabilitation in the intensive care unit.

Early mobilization in the ICU has been advocated as a therapeutic strategy to prevent
ICU-AW, reducing the negative effects of immobility on muscles and other organ systems
[28]. Mobilization in the ICU is feasible and safe provided that consensus guidelines are fol-
lowed [29]. The potential incidence of adverse events is low, with a cumulative incidence of
2.6%, a rate of hemodynamic events of 3.8%, and saturation instability of 1.9 per 1000 mobili-
zation sessions. Additionally, medical issues are rare, with one study showing a rate of 0.6%
of 14,398 mobilization sessions [30]. Premobilization screening criteria to identify patients for
whom rehabilitation is suitable and criteria for discontinuing mobilization should be estab-
lished for each ICU (Table 5).

3.2. Beneficial effects of early mobilization

The current definition of mobilization is the performance of physical activity sufficient to
stimulate an acute physiological impact that improves ventilation, circulation, perfusion,
muscle metabolism, and alertness and decreases rates of venous stasis and deep vein throm-
bosis. The present definition of early mobilization refers to physical activity performed within
the first 72 h of a critical illness [32].

The evidence of the impact of early mobilization in the ICU continues to increase. ICU physi-
cal therapy has also been shown to have a positive impact on patient outcomes, such as func-
tional ability, muscle strength, and ambulation capacity at discharge.
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Figure 4. Photo showing a patient receiving mechanical ventilation via an endotracheal tube while ambulating in the
ICU with a physical therapist. Data from [14].

Early mobilization in mechanically ventilated critically ill patients is feasible and safe [27,
33, 34] and can decrease duration of mechanical ventilation and intensive care unit length
of stay. It is also associated with a shorter duration of delirium, a better functional outcome
at hospital discharge, and lower 1-year mortality [35, 36]. Early mobilization has multiple
benefits including improved ventilation, perfusion, muscle strength, and functional capac-
ity. Several surveys reporting mobilization therapy practice are published worldwide, and
despite all of the reported benefits, the prevalence of early mobilization in ICU patients is still
low [37]. Together with other chest physiotherapy modalities, early mobilization can result
in a decreased extubation failure rate and shorter durations of mechanical ventilation and
ICU stay [38]. Figure 4 illustrates a patient receiving mechanical ventilation via an ETT and
ambulating with a physical therapist in the ICU.
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Late initiation may reduce the efficacy of mobilization as the beneficial effects of physical
therapy have been found in studies in which the treatment was started early after ICU admis-
sion [39]; however, definition of “earliness” remains undefined.

3.3. Special patient groups (ECMO)

Patients undergoing mechanical ventilation or extracorporeal circulation systems such as
extracorporeal membrane oxygenation (ECMO) or hemofiltration need particular attention.

The use of ECMO for patients is increasing globally, including in patients with heart or respi-
ratory failure awaiting organ transplantation, and there is an increasing need to assess the
safety, feasibility, and functional prognosis regarding the performance of early mobilization
in this patient population [40].

Early ICU physiotherapy while on ECMO for ARDS as a bridge to recovery is feasible; Munshi
et al. suggest that there may be an association with improved ICU mortality. However, this
needs to be further corroborated in future studies. Future research is needed to identify
potential barriers, optimal timing, dosage, and safety profile.

4, Barriers and facilitators to mobilization

Although there is a growing base of evidence showing short-term benefits of early mobiliza-
tion, such as shorter delirium duration, more ventilator-free days, and decreased ICU and
hospital LOS, translation into clinical practice remains difficult for this complex intervention.
Dubb et al. provided some common barriers that medical staff may encounter regarding early
mobilization as well as possible ways to overcome them.

4.1. Cultural barriers

In many medical centers, present ICU culture is a crucial and potentially modifiable barrier
to the initiation of ICU physical therapy and early mobilization. However, inadequate care
coordination, timing conflicts with different medical procedures, and priorities for treatment
are common barriers [41, 42]. Lastly, probably one of the most important barriers to address
in implementation of early mobilization is in relation to the culture of the ICU, reported as an
obstruction in almost 60% of studies [43]. This encompasses staff not viewing early mobiliza-
tion as a priority for the patient and/or inadequate knowledge about the benefits of early
mobilization and techniques available to implement it at the appropriate level for the patient.

Overcoming these barriers requires a structured multidisciplinary effort, with clear commu-
nication and recognition of the importance of early mobilization and rehabilitation [44].

4.2, Sedation

The widespread use of sedation in the ICU can be a major barrier to mobilizing patients who
are critically ill. Implementation of early mobilization into practice was however limited,
mostly due to sedation practices and clinician’s safety concerns. Sedation minimization can be
combined with early mobility via implementing the ABCDE bundle [45], in which all patients
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undergo daily coordinated spontaneous awakening trials, spontaneous breathing trials, seda-
tion and delirium screening, and early mobility and rehabilitation.

4.3. Endotracheal tubes

The presence of an endotracheal tube is another commonly perceived barrier. To assist with
overcoming this barrier, Pohlman et al. detailed the steps undertaken to start PT and OT
interventions after a median of only 1.5 days of intubation in 49 patients who had undergone
endotracheal intubation. There were no catheter-related adverse events [27]. Similar results
were obtained in other studies [46, 47].

4.4. Costs

Increased medical staffing needs and costs correlated with early mobilization are commonly
recognized barriers. Utilizing a special early mobilization team, Morris et al. did not find an
increase in overall costs after accounting for additional costs related to this team, and they also
found a significantly reduced risk of readmission or mortality in the year after ICU discharge.

There are multiple facets to ensuring the effective implementation of early mobilization, with
interdisciplinary coordination and communication being an integral component (Table 6).

Patient-associated factors

* Unstable physiologic stability (cardiovascular, respiratory, neurologic)
¢ High sedation levels

e Presence of delirium/agitation

e Pain

* Medical limitations (procedures, orders)

Structural issues

* Low staff numbers

* Inexperienced clinical staff

* Deficiency in staff training

® Lack of defined EM programs

Process factors

* Absence of coordinated review for suitability for EM

* No EM leadership

¢ Poor communication

Cultural factors

* Nonexistent education regarding risks and benefits of EM
® Lack of prioritizing EM in daily care plans

¢ Deficient knowledge regarding EM techniques and equipment

Data from [48].

Table 6. Barriers to implementation of early mobilization in intensive care unit barrier.
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5. Discussion

This chapter shows that early mobilization in the ICU demonstrated benefits on patient out-
comes. The intervention improves ventilation, circulation, perfusion, muscle metabolism, and
alertness and decreases rates of venous stasis and deep vein thrombosis.

Based on the findings from these reviews, no study has shown any adverse events associated
with early mobilization. When safety consensus guidelines are followed and a team approach
is used to ensure safety in clinical practice, early mobilization in the ICU may be an appropri-
ate treatment strategy. It is important to recognize that not all potential safety events carry
equal clinical importance (e.g., high blood pressure vs. cardiac arrest).

Patient safety is paramount in any exercise intervention. Patients with high illness sever-
ity, coma, and/or delirium are particularly vulnerable, and the utmost care must be under-
taken during exercise interventions in these high-risk patients. Although many studies have
shown that early mobilization is safe and feasible and one study indicated that healthcare
professionals are able to identify the benefits associated with early mobilization, only 21% of
physicians and 18% of nurses believe that the potential risks outweigh the benefits of early
mobilization.

The optimal timing for initiation of mobilization has yet to be defined. ICU-AW can begin
within the first 48 h of ICU admission; early mobilization of ICU patients, defined as mobiliza-
tion within 72 h of ICU admission; and late mobilization as starting after the first 3 days of
ICU admission. Other research suggests that early mobilization is currently defined as occur-
ring within the first 2-5 days of ICU admission. Arriving at a definitive definition of early
mobilization is difficult because the condition of a patient in the ICU changes daily. Further
research is required to provide a conclusive definition of early mobilization.

6. Conclusion

Early mobilization and physical rehabilitation of critically ill patients appears to be safe, with a
low risk of potential safety events, even when implemented as part of routine clinical practice.
Early mobilization, defined as mobilization within 72 h of ICU admission, is well tolerated
and feasible and should be the standard of care. However, implicating early mobilization is
arduous and may need a cultural change in intensive care with an interprofessional approach.

Increases in ICU-associated neuromuscular dysfunction are resulting in both short- and long-
term physical functional impairments. Bed rest and restraint play a major role in the develop-
ment of neuromuscular disorders and functional ability impairments, and early mobilization
and physical therapy may be able to mitigate these problems. The complete effects of early
mobilization in the ICU need to be evaluated using a standardized execution protocol to
determine the optimal timing, exercise dosage, and progression of mobilization, as well as
determining criteria for the intensity and duration of physical therapy most likely to optimize
patients’ physical condition during critical illness [49].
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Achieving early mobilization in practice requires a shift in unit culture and dedication from
mobility champions following individualized procedures and protocols to ensure its safe
application.
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Abstract

Human beings are born to be physically active. Being physically active gives several
advantages and is essential for a healthy life. Physical inactivity is to date one of the major
risk factors for developing non-communicable diseases (NCD), which are responsible for
nearly 70% of all deaths. It is well documented in the literature that daily physical activity
reduces the risk of non-communicable diseases NCDs. The level of physical activity dif-
fers between regions of the world and between the countries. Moreover, there are age and
gender differences. WHOs Global action plan on Physical Activity and Health 2018-2030
and the UN Sustainable Goal are an important document and blueprint in the work for
promoting a healthier world with reduced physical inactivity. Global action plans must
be translated into national needs and adapted according to local variations. Successful
implementation can only be achieved with anchoring of the strategies and policies at the
top and within all sectors. Prioritization of actions and cooperation are also important
factors for successful implementation. Work with the aim of increasing physical activity
is intersectoral. Every sector is influenced, and no sector can disclaim liability. Physical
inactivity is a global, increasing public health problem, and it will not disappear by itself.

Keywords: physical activity, physical inactivity, effects of physical activity, non-
communicable diseases, policies and strategies, trends globally, gender differences

1. Introduction

Non-communicable diseases (NCDs), also known as chronic diseases, are diseases of long
duration and are consequences of a combination of genetic, physiological, environmental,
and behavioral factors. The rise of NCDs heart disease, stroke, cancer, diabetes, and chronic

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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lung disease has been driven primarily by four major risk factors: tobacco use, alcohol use,
physical inactivity, and unhealthy diets [1].

Physical inactivity is a public health problem and is considered as one of the greatest chal-
lenges for the future [1]. The time we spend being physically active during leisure is not
enough to compensate for the great reduction in everyday physical activity and the increase
of sedentary activities associated with life of today. The negative consequences of inactivity
are many; physical, mental, and social. For example, inactive people are more likely to be
overweight, and inactivity causes many redundant deaths each year [2].

Physical activity is described as any bodily movement produced by skeletal muscles, which
requires energy expenditure [3]. It is well documented that regular physical activity reduces
the risk of the non-communicable diseases like hypertension [4], coronary heart disease [5],
stroke [4], diabetes 2 [6], some cancer types [2], and mental illness [2]. Being physically active
improves bone and functional health [7] and maintains energy balance and weight control [8].

There exist large differences in physical activity between the different geographic regions
of the world. In 2016, more than a quarter of the world’s adults (27%) were insufficiently
physically active. In the period between 2001 and 2016, the prevalence of insufficient physical
activity ranged from 16% in Oceania to 39% in Latin America and the Caribbean [9]. During
the same period, the frequency of physical inactivity increased more than 5% in high-income
Western countries, while southeast Asia had a decrease of physical inactivity with 5% [9]. In
2016, insufficient physical activity in high-income countries was more than double compared
to the prevalence in low-income countries. The prevalence increased over time in high-income
countries from 32% in 2001 to 37% in 2016, whereas it was stable in low-income countries, 6%
in 2001 and 2016 [9].

In addition to difference in physical activity levels between regions, there are also differences
between genders. Women were less physically active compared to men in all regions except
the east and southeast Asia. The lowest levels of reported physical inactivity were observed
in men from the regions Oceania, east and southeast Asia, and sub-Saharan Africa in 2016 [9].

This chapter consists of seven sections. First, a short introduction of physical activity, physical
inactivity, non-communicable diseases, and some regions and gender differences related to
physical activity. Second, a description of global health determinants of physical activity is
given. Third, follows a section describing the importance of anchoring and cooperation of
policy documents for promoting physical activity. Subsequently follows two sections, one
describing the benefits of being physically active and one describing the consequences of
physical inactivity. Finally, some reflections of necessary actions to increase the level of physi-
cal activity are outlined.

2. Global determinants of physical activity

Since the nineteenth century, there has been a steep increase in the knowledge of exercise
and its effects on health. We have a large number of journals and books with quality research



Increased Physical Activity in a Public Health Perspective
http://dx.doi.org/10.5772/intechopen.89526

within the field. The main challenge today is the never-ending work of how to use the results
of the research in line with the major changes in the society that do not inherently promote
increased physical activity. We know it is important to be physically active, but we have not
managed to decrease the negative trend of increased inactivity globally. The health effects of
physical activity are the same all over the world, but the local society in which the activity (or
no activity) is performed is continuously developing.

2.1. Increased number of older inactive persons

Older adults are more physically inactive compared to younger adults, and this is a major
public health concern [10]. Not only is physical inactivity identified as the fourth leading risk
factor for global mortality [11], but is it also a major contributing factor for disability and poor
health outcomes [12]. Lack of physical activity is related to approximately 3 million deaths per
year and to 6-10% of the occurrence of major non-communicable diseases [13]. Older adults
have a more sedentary lifestyle [5]. Rates of self-reported physical inactivity in those aged
55 years and older varied from 5 to 29% across Europe [14].

2.2. Increased urbanization and decreased physical activity

Urbanization leads to more violence, traffic, low air quality, and increased pollution. Many
places lack access to parks and free sports and recreation areas. It seems that increased urban
living discourage physical activity. Assah et al. found that living in an urban area was associ-
ated with lower levels of energy expenditure from physical activity and a higher prevalence
of metabolic syndrome compared to rural dwelling adults in Cameroon [15]. Similar differ-
ences in physical activity were found in urban versus rural dwelling minors in the United
States [16] and female adolescents in Portugal [17]. Other studies [18, 19] have demonstrated
no or an inverse relationship between physical activity and the degree of urbanization.

2.3. Modernization leads to less physical activity

Mechanization is the process of replacing manual labor with machinery. New technology
improves task efficiency, personal safety, and mobility. On the other hand, technology
decreases the physical effort required for self-transport and the performance of occupational
and domestic activities. Mechanization and automatization contribute to less physical activity
levels even in those cases where equivalent physical activity during the spare time place was
equal [11].

2.4. Large variations in women'’s physical activity level globally

There are large differences in women'’s level of physical activity in different countries. Women
in Uganda are active during domestic work or house chores, farming, tending shops or small
businesses, active transport to church, markets, and gardens [11, 20]. In comparison, only 34%
of the women in Norway meet the national recommendation of physical activity [21]. Women
living in countries with high gender equality were more likely to be physically active com-
pared to their counterparts living in countries with low gender equality. This phenomenon
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is the same for men. Some of the barriers to physical exercise that women face include family
responsibilities, as well as cultural or social beliefs, economic or employment status, and level
of education.

2.5. Climate change influences physical activity habits

Climate change affects physical activity habits. Extreme cold, heat, and rain lead to less
physical activity [22]. On the other hand, increasing temperature in places which are affected
by cold climate may over time increase the level of physical activity. The challenges with
increased physical inactivity occur in locations which already experience high temperatures
[22] and which already have overwhelming problems with population health. Climate change
with global warming will play a growing role on physical activity levels in the future [22, 23].

3. Policy strategies for promoting physical activity

A policy consists of a set of ideas or a plan of what to do in situations that have been agreed
to officially by a group of people, a government, or a political party. Today there exist sev-
eral policies for promoting physical activity. A key factor for successful policy or a strategy
document for promoting increased physical activity is cross-sectorial anchoring. Compared
to earlier times in which the focus has been to generate as much knowledge as possible on
the physiological health effects of being physical active, especially within the health sector,
the focus now is how to implement the knowledge cross-sectional. The health sector is not the
only sector responsible for physical activity. To increase the level of physical activity in the cit-
ies, there must be room for establishing green lounges and making bicycle roads and paths for
the pedestrians (collaboration between the sectors transport, climate, and finance). Children
should learn how to make the active choices and why we must be physically active at school
from educated personnel (collaboration between the sectors health, knowledge, and educa-
tion). Buildings must be adapted to the possibility of being active (collaboration between
architecture and health). It should not be necessary to search for stairs and get the feeling that
things are cumbersome, and the autowalks could, for example, keep as slow speed as possible
which will lead more of us to walk. Every workplace that is affected by restructuring and
mechanization should introduce the possibility of being physically active at work (collabora-
tion between the sectors labor, health, and finance). A universal design for increased physical
activity should be in focus in every sector.

In 2004, the 57th World Health Assembly (WHA) endorsed the World Health Organization’s
(WHO) Global Strategy on Diet, Physical Activity and Health. The strategy was developed
with all concerned stakeholders in response to a request from Member States at World Health
Assembly 2002 (Resolution WHAS55.23). The strategy is followed up with the WHO Global
action plan on Physical Activity and Health 2018-2030: more active people for a healthier
world, which was launched in 2018. The global aim is to reduce physical inactivity across the
globe by 10% by 2025 and 30% by 2030, setting out a plan with four objectives and 20 recom-
mended policy actions.



Increased Physical Activity in a Public Health Perspective
http://dx.doi.org/10.5772/intechopen.89526

UN Sustainable Goal was decided by the member countries in 2015. The Sustainable
Development Goals are a call for action by all countries — low, high, and middle-income.
Actions for healthy life through physical activity are to be found in Goal 3, where the aim is
to ensure healthy lives and promoting the well-being at all ages.

At the national level, there is a need for a scale-up of implementations of effective policies in
all countries. Implementation of national plans requires bold leadership and full engagement
across sectors. The advantages with collaboration which support increased physical activity
across sectors is that it generates significant returns through policies which support increased
physical activity also leads to other benefits to health, local economies, community wellbeing,
and environmental sustainability.

For both global and national strategies, it is difficult to keep up the efforts of increasing
physical activity all the time, but in the long run, this should be part of all planning. It is time
consuming and resource demanding to integrate the promotion of physical activity between
various sectors, and very often one area will lose in the battle with other sectors’ needs. For
example, resources for in-hospital treatment or building a motor road may often be more
available that for public health initiatives.

4. Why being physically active is so important

Good health and quality of life are important for the individual. The health and quality of life
of the population have an impact on social development and are themselves influenced by
how society changes. Good living conditions, good health, quality of life, and well-being are
inter-linked.

Children who are physically active have a number of health benefits during their whole life
[24]. Children who are not physical active from early age will not have these benefits and it
might be difficult to catch up with it later in life. With a generally decreasing level of physical
activity [25], parents or other people who are in daily contact with children are responsible for
stimulating to develop positive exercise habits among children. Physical activity is crucial for
children to achieve normal growth and development of muscle strength and motor skills [24]
and it is of great importance to the skeleton. Weight-bearing activities, such as running, jump-
ing, and walking, all influence the skeleton in a positive way. Physical activity strengthens the
skeleton in the same way as exercise strengthens the muscles. A passive lifestyle leads to thin
bones, low mineral content, and reduced strength [2]. Bone structure is completely developed
when you are 20 years old. This means you can never compensate for what you did not do
before turning 20.

Being in good shape results in using less energy to execute various activities. Consequently,
fit persons have more excess energy and can do more things in everyday life. Adults and
elderly people who are physically active and in good physical shape will also to a greater
extent be self-reliant in everyday life and stay home longer. The fitness decreases with age,
but the effects of cardiovascular exercise (aerobe) are the same in healthy elderly as in younger
ones. The body’s muscle mass decreases as you get older, and this leads to reduced muscle
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strength, but it is never too late to start being physically active. People who start exercising
in adulthood have much to gain. Positive gains start already at very low training volumes,
which mean small efforts make a big difference. Going beyond such very low training vol-
umes, there is a clear connection between the time you spend on physical activity and the
fitness.

5. Consequences of physical inactivity

A hundred years ago, the main task for the public health work was to stop the infection
diseases. Today, public health work is more focused on reducing the incidence of the non-
infectious lifestyle diseases. Compared to earlier times, more people are being diagnosed with
cardiovascular diseases, diabetes, chronic lung diseases, and cancer as a result of multiple
factors such as tobacco use, unhealthy diet, physical inactivity, and alcohol use.

NCDs kill about 41 million people each year, equivalent to 70% of all deaths globally [1].
Fifteen millions of all deaths attributed to NCDs occur between the ages of 30 and 69 years.
An estimation is that over 85% of the 15 million deaths occur in low- and middle-income
countries [1]. Social inequality is still a challenge.

The economic burden of physical inactivity remains unquantified at the global level, although
some estimates have been made. Ding et al. reported, based on data from 142 countries,
representing 93% of the population of the world, that direct health-care costs for coronary
heart disease, stroke, type 2 diabetes, breast cancer, and colon cancer attributable to physical
inactivity amounts to $ 53.8 billion worldwide in 2013, of which $31.2 billion was paid by the
public sector, $12.9 billion by the private sector, and $9.7 billion by households. High-income
countries bear a larger proportion of the economic burden (80.8% of health-care costs and
60.4% of indirect costs) [26]. Physical inactivity related deaths contribute to $13.7 billion in
productivity losses worldwide [26].

6. How to increase the level of physical activity in all ages

The challenge today is that in many cases we do not need to be physically active to survive
in our work and leisure. Activities that we earlier needed for surviving, for example, hunting
and collecting food, are replaced with, that is, driving cars, sitting on a bus or a train or even
standing still in an escalator. The ordinary daily life activities are no longer enough to keep us
healthy, but the resulting inactive lifestyle leads to several health problems.

Children are more inactive compared to earlier. Eighty percent of the young population in
Europe does not reach the minimum recommended amounts of physical activity [4]. Adults
are more inactive compared to earlier. We get a situation with inactive children, an increasing
number of adults with a less healthy lifestyle, along with an increasing number of elderly
people who needs health and care services. This is a growing problem that can be difficult to
handle if we do not address it actively.
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Kindergarten and schools have a great opportunity to contribute developing a healthy lifestyle,
but this requires focus and priority from the national government in the form of resources and
financing. The education training for teachers and other personnel that work with children is
also an important arena for providing the personnel with the right knowledge. Developing a
healthy lifestyle is a lifelong trip. It is not enough to be physically active occasionally, and we
must be physically active every day without the feeling that we are doing something extra.
We must learn to choose to walk the stairs again and again rather than standing in an escala-
tor, we must, when it is possible, choose to walk to the shop or school rather than driving a
car. We must learn to take the physically active choices. And if we do not do this, the negative
consequences will escalate.

The workplace is a good arena for either influencing adults to being active during a workday
or giving the workers an arena for being active [27]. Examples exist in which the workplace
gives room for physical activity during the work time [27, 28]. It might seem unnecessary
and expensive right away, but in a long term, it is the right priority, which will be expressed
through less absence at work and a more efficient workforce that creates more values for the
company.

The retired population should have access to society-based actions from the government for
being active, for example, open activity in parks, meeting centers for elderly, etc. Smart cities
must facilitate free physical activity, which will give us a large population in good physically
health and with a strong mental health.

Future society must be built on how we can be physical active. In every plan for building
roads for traffic, a plan for establishing bicycling road and pavement should be included.
For every area which will be used for automatized vehicles, there should be made a room for
recreation and sport. This is difficult to manage in geographic areas with a large population
density.

7. Methods for registering of physical activity

There are several methods for measuring level of physical activity. Each method works
according to the purpose of the method, but it is difficult to compare data when compar-
ing level of physical activity between groups, countries, regions, and between gender. For
example, when comparing countries, there is a large difference in reported number of the
fraction of a population that meets recommendations for physical activity. These numbers
depend on how you define and operationalize the recommendations, as well as how data are
collected and processed.

The most common method for registering physical activity is questionnaires [29]. Among the
several hundred variants which are available, the easiest way is to ask about a person’s exer-
cise habits and grade the answers. A more demanding questionnaire contains more concrete
questions about what the persons have been doing and for how long time the activity was
executed. International Physical Activity Questionnaire (IPAQ) was developed in 2000 [30]
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and is used to classify individuals into different activity categories described in the recom-
mendation for physical activity.

Diaries are often used when the aim is to measure how the activity is distributed through a
day. Diaries give information about the persons’ state and what has been done [29].

Pedometer gives a rough measure of the activity and is particularly suited in combination
with activity enhancing tools. In this way, people can follow the activity development them-
selves by getting direct feedback.

Acceleration is a direct measure of body movement, and the higher the acceleration, the higher
the intensity. In addition to the total physical activity, an accelerometer can also measure the
intensity, duration, and frequency, that is, the pattern of the activity. Another advantage of
an accelerometer is that it can assess inactivity and sedentary behavior. However, an accel-
erometer is more expensive than a pedometer, but it is preferable if high precision is needed.

There is a need for standardized methods and harmonization of data from different countries.
There is also a lack of data from low- and middle-income countries, which would be very
useful for making better comparisons and analyses between different types of countries.

8. Summary

Physical activity every day is essential for a long healthy life. Physical activity is an important
element in the fight against non-communicable diseases. It is never too late to start being
physically active. Being physically active must be integrated in our daily life from walking
age to end of life. This will be beneficial for each and one of us, but also for the society as a
whole.

Public health work must facilitate good health for all and contribute to less social inequalities
in health. One of the hallmarks of public health work is the cross-sectoral effort and under-
standing of how important it is that the entire society makes an effort to influence factors
that promote health and well-being. Private actors and volunteers must collaborate with pub-
lic authorities. Efficient public health work entails good organization of work, a system for
monitoring efforts, and developments in health status and risk factors. This applies both at
national, municipal, and county level.

Public health work is demanding. It is demanding to try to make people change their lifestyle
and living habits (stop smoking, being physically active, etc.), because it is hard to make the
population understand that it is necessary.

Preventive public health work does not give the results right away, and it is a slow job, which
needs to be prioritized by the governments. Public health work is not free, but it is cheaper
compared to treat everybody who in the future will be diagnosed with a chronic disease. It is
never too late to turn this negative trend.

Physical activity should be something we do without thinking that we are physically active.
Many people do not like to exercise or to be physically active, and because the daily life for
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most people does not require physical activity, the challenge is to integrate the activity natu-
rally in our lives. Being physically active does not demand new shoes, new clothes, or any
other fancy equipment. It must be a natural part of what we are.

Teachers, health care personnel, and other personnel who are in daily contact with people
should be educated in the importance of physical activity. Knowledge about the effects
and how to put together an activity program must be mandatory in the relevant educa-
tions. Efforts for preventive public health work must increase, along with the social status
of preventive workers. Preventive health care is not something that can be addressed with
medicine or a single treatment. Preventive public health work starts with children and
adolescents and lasts throughout their lives. It is a continuous work. In the long term, the
work will pay off and produce results in terms of fewer diagnosed with non-communicable
diseases.

There is a need for data regarding levels of physical activity, especially data from low- and
middle-income countries. Obtaining data from all countries are essential for tailoring global
physical activity promotion to population specific needs/trends.
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Abstract

Chronic wounds are wounds, which failed healing and timely reparative process to pro-
duce anatomic and functional integrity over a period of 3 months. New physical therapy
for chronic wounds is extracorporeal shock wave therapy (ESWT). ESWT generators can
be focused, defocused, and radial. ESWT is non-invasiveness, low-associated complication
rates, efficacy for indications refractory to other standards of practice, and cost-effectiveness.
ESWT determines mechanotransduction that is possible as most of the cells of the body,
thank to surface receptors and other transmission signals. In the specific field of ESWT,
different biochemical substances are able to influence the processes of different cell lin-
eages, besides to induce the formation of new small blood vessels. So, ESWT enhanced cell
proliferation at the local wound tissue level, stimulated extracellular matrix metabolism,
decreased apoptosis, and downregulated oxygen-mediated burst of leukocytes, probably
stimulating homing and differentiation of stem cells with high tissue regenerating poten-
tial. From numerous experimental and clinical data, it is possible to conclude that ESWT
would improve not only the wounds healing process but also the regeneration events.

Keywords: extracorporeal shock wave therapy, wound healing, chronic wound,
regenerative medicine

1. Introduction

Chronic wounds are defined as wounds, which failed healing and timely reparative process
to produce anatomic and functional integrity over a period of 3 months [1].

All wounds beyond their etiological origin such as venous or arterial insufficiency or dia-
betes can be potentially chronic. The transition from an acute to a chronic wound injury can
occur at any stage of his recovery [2—4].

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Clinical treatment includes wound bed preparation with surgical and nonsurgical debride-
ment [5], application of specialized dressings providing the wound with a moist environment
[6], and medical or surgical intervention to achieve adequate vascular inflow and outflow
and sulfficient offloading to avoid pressure necrosis [7]. A relatively new physical therapy
application for chronic wounds is represented by extracorporeal shock wave therapy (ESWT)
[8]. Other approaches include hyperbaric oxygen therapy (HBOT) [9, 10], vacuum-assisted
wound closure [11-13], low level laser therapy [14, 15], and electrical stimulation [16].

2. ESWT and chronic wound healing

Nowadays, in clinical practice, three different types of ESW generators are available, equipped
with different types of sources, and they can also be differentiated as: focused, defocused, and
radial. Focused ESWT is generated by electromagnetic, electro-hydraulic, and piezoelectric
sources [17-20].

Pressure pulses rise rapidly in the range of 10-100 MegaPascal Pressure (MPa) and concen-
trate the acoustic energy beam with a penetration depth of approximately 12 cm. A metallic
half-ellipsoid-shape reflector focused the almost spherical acoustic waves, which has been
generated in the first focal point of ellipsoid directly to a second focal pit that is the therapeu-
tic target [21, 22].

ESWT defocused produces an acoustic planar wave, generated by electromagnetic and elec-
trohydraulic devices. These applicators use a parabolic reflector that generates a parallel wave
with a diameter size of the reflector in order to apply the shock waves to a larger area [23, 24].
Radial waves (rSW) are a low-to-medium-energy shock wave (less than 0.1 mJ/mm?) generated
through the acceleration of a projectile pneumatically propelled inside a barrel in the handpiece
of the device. The high kinetic energy is transferred directly to the skin, on which the applicator
is directly placed, and then transmitted radially (hence the expression “radial waves”) to the
target zone [25], scattering and dampening by the third power of the penetration depth in the
tissue while deepening up to 3.5 cm, without focusing the shock wave field in the tissue.

Compared with the conventional focused shock wave —whose focus is centered on the target
site instead of on the tip of the applicator and whose wave shows a higher peak and a very
short rise in pressure— the radial shock wave differs for the centering of the focus (placed on
the tip of the applicator instead of on the target site) and the shape of the waves themselves
(showing a lower peak pressure and a very long rise), and the propagation is limited to the
most superficial (but larger) areas of the body [26].

3. ESWT and basic science: mechanotransduction and modulation of
gene transcription

Therapeutic efficacy of low-energy defocused ESWT on delayed healing or chronic wounds
has been demonstrated in experimental studies and clinical trials [27]. Advantages of ESWT,
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compared with other therapeutic interventions, include non-invasiveness, associated com-
plication rates, efficacy of indications refractory to other standards of practice, and cost-
effectiveness [28].

ESWT determines the mechanotransduction that is a complex process characterized by sev-
eral steps: (1) transduction of mechanical forces in receptors detected by signals on cells, (2)
conversion of mechanical signal into electrical and biochemical messages for obtaining a cel-
lular response, cytoplasmic level, (3) transfer of a signal from the sensor to effectors molecules,
in nucleus, and finally (4) biological changes determined by gene activation. It is a biological
mechanism that involves numerous cells and organs [29-31]: for example, endothelial cells
respond to shear stress stimulation, but also others as tenocytes, bone cells, and fibroblasts.

ESWT induces production of different biochemical substances that are able to influence the pro-
cesses of different cell lineages, besides to induce the formation of new small blood vessels [32].

In fact, a lot of studies showed how ESWT is effective in stimulating several endogenous
growth factors such as epidermal growth factor, insulin-like growth factor 1, vascular endo-
thelial growth factor (VEGF), and (nitric oxide) NO production, inducing angiogenesis and
promoting the healing of tendons, muscles, cartilage, bone and skin, fractures, ulcers, and
complex lesions [33, 34].

Angiogenesis is one of the basic conditions for supporting healing processes in the different
affected tissues. Structural mechanical stress, induced by ESWT changes in cytoskeleton and
increase in NOS activity and VEGF-A expression, acts as an angiogenesis process. Furthermore
in vitro, it modulates the release of anti-inflammatory cytokine (IL1, IL-6, and IL10) and trans-
forming growth factor 1ITGF1-VEGEF, that promote the migration of macrophages, fibroblasts,
and epithelial cells, enhancing collagen deposition into the damaged area [35-40].

Furthermore, if applied in multiple ESWT treatments, it was possible to obtain active deg-
radation of the fibrous abnormal tissues, thanks to a synergistic modifications in pro- and
anti-fibrotic proteins (TGF-p1 and matrix metalloproteinase 2, respectively), thus underlining
a possible role in fibrotic tissue reabsorption/remodeling [41, 42].

ESWT influences the toll-like receptor 3 (TLR3) pathway [43], which plays a fundamental role
in pathogen recognition and activation of innate immunity, so ESWT modulates the inflam-
matory responses related to immunology pathway [44—49].

The most recent and relevant ESWT evidence is the effect on modulation of gene expression,
thus increasing the possibility of a regenerative action.

In animal models, ESWT has been shown to produce favorable molecular microenviron-
ment in the wound tissue, suppress early pro-inflammatory cytokines and chemokines, and
enhance expression of several wound healing relevant genes [46, 50, 51].

ESWT increases the Platelet-Cell Adhesion Molecule-1 (PECAM-1) production on leukocytes
and on endothelial cells, which mediate a physical link between the cell surface and the
nuclear envelope, and it is critically involved in the trans-endothelial migration processes
at inflammatory sites, endothelial cell migration, and formation of new blood vessels. This
may transmit mechanical or biochemical signals that may modulate the genetic expression
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of cells [50, 52]. Furthermore, PECAM-1 is not only involved in cell adhesion but also is inti-
mately involved in signaling, for example, by binding and modulating nuclear/cytoplasmatic
p catenin localization. At the membrane, -catenin forms complexes with E-cadherin to gen-
erate cell adhesion complexes responsible for maintaining the structural integrity of many
epithelial tissues. On the other hand, accumulation of p-catenin in the nucleus, in response to
Wnt signaling pathways (a group of signal transduction pathways, made of proteins that pass
signals into a cell through cell surface receptors), facilitates complex formation with T cell-
specific (TCF) transcription factors. TCF leads to activation of a genetic program influencing a
range of cellular processes, as cell growth and cell movement [53, 54] (Figure 1).

ESWT indirect effect on modulation of gene transcription has been found to include expression
of c-Myc gene, regulation of metalloproteinase matrilysin (the smallest member of metallopro-
teinase enzymes), modulation of the activating protein-1 (AP-1) transcription complex, particu-
larly cc-Jun and Fra-1 components that are essential for MMP-1 gene expression, urokinase-type
plasminogen activator receptor, zonula occludens-1 (ZO-1) protein, and cyclin D1 [55].

In vivo shock wave treatment increases Ras-dependent superoxide, which in turn regulated
cytosolic extracellular regulated kinase (ERK) phosphorylation and hypoxia-inducible factor-
la transactivation, which is considered as the master transcriptional regulator of cellular and
developmental response to hypoxia [56].

ESWT treatment upregulates expression of cell nuclear antigen (PCNA), which is important
for both DNA synthesis and repair; furthermore, it increases TGF genes (mRNA) [57].

TGF « is predominantly expressed in keratinocytes and has a profound autocrine mitogenic
effect on keratinocytes, augments angiogenesis in wound healing, and it is upregulated in
keratinocytes after skin injuries; TGFf 1 mRNA shows higher values in ESW-treated fibro-
blasts, relating to increased expression of VEGF and endothelial NOS (eNOS), also known as
constitutive NOS (cNOS), as well as genes encoding collagens types I and III [58, 59].

Shock wave treatment is capable of inducing an increase of activated fibroblasts, CD34-
positive fibrocytes, and fXIIla-positive dendritic cells; this process is thought to lead to the
deposition of new collagen, characterized by thinner collagen fascicles and parallel orienta-
tion to the dermoepidermal junction. Additionally, ESWT may play a significant role in the
increase in CD31-positive vessel density in the dermis allowing an improved tissue metabo-
lism [60]. In animal models, ESWT modulates expression of angiogenesis pathway-specific
genes such as those encoding for ELR motif (glutamic acid-leucine-arginine sequence) posi-
tive (ELR +-CXC) chemokines, CC-chemokines, and cytokines [51].

In addition, shock wave exposure induces strong expression of stromal cell-derived mRNA
factor 1, which influences medium induced chemo-attraction of CD34+ cells, hematopoietic
stem cells, and the effect on bone marrow-derived mononuclear cells facilitating cell differen-
tiation to endothelial phenotype [61].

So, ESWT-enhanced cell proliferation at the local wound tissue level stimulated extracellu-
lar matrix metabolism, decreased apoptosis, and downregulated oxygen-mediated burst of
leukocytes, probably stimulating homing and differentiation of stem cells with high tissue
regenerating potential.
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Figure 1. (a) Wnt signaling —“Off” In the absence of Wnt, f-catenin is phosphorylated, so transcriptional process is stopped
(b) Wnt signaling—"“On” In the presence of Wnt ligands, a signaling cascade is initiated. p-catenin accumulates in the
cytoplasm and is free to translocate into the nucleus where it acts as transcriptional coactivator of transcriptional factors of the
TCF/LEF family. Modified from: https://www.sigmaaldrich.com/technical-documents/articles/biology/wnt-b-catenin.html.

4. ESWT in chronic wound: clinical studies

In the published literature, there are hypothesis-generating experimental data as well as clini-
cal observations that suggest a heretofore unproven systemic effect of ESWT.

Schaden et al. in 2007 [62] demonstrated safety and potential efficacy of electrohydraulic
unfocused shock waves applied to acute and chronic wounds (33.3% acute and 66.7% chronic
wounds) of various etiologies (post-traumatic, venous, pressure, and arterial wounds). A total
of 208 patients were included in the study and treated with the unfocused electrohydraulic
device (DermaGold). Each treatment was placed onto wound dressing applied: from 100 to
1000 pulses were applied according to wound size (100 pulses/cm?) initially, weekly, and then
biweekly. The study describes the complete reepithelialization of wounds in 75% patients:
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significant association was found between complete epithelialization and wound size (wounds
<10 cm? healed in 81.0 vs. 61.8% for wounds >10 cm?) as well as between complete healing
and wound duration (wounds persisting >1 month showed 57.1% healing rate vs. wounds
<1 month that had a healing rate of 83%). With regard to wound etiology, venous stasis ulcers
showed the lowest healing rates (36%), whereas all other wound etiologies showed at least
a healing rate of 66% (arterial insufficiency ulcer—66.7%, decubital ulcer—71.4%, disturbed
healing wounds—75.6%, posttraumatic tissue necrosis—86.6%, and burn wounds—100%).

Application of high energy unfocused shock waves for difficult wounds was confirmed by a
work carried out by Saggini et al. [63]. In this study, 30 patients affected by chronic ulcers in the
lower limb from more than 3 months that were unresponsive to conservative or advanced dress-
ing treatments or mechanical debridement were included. A group of 10 consecutive patients,
randomly recruited, with chronic ulcers in the lower limb treated on the basis of regular con-
servative dressings have been used as a control group. Electrohydraulic unfocused ESWT treat-
ment consisted of 100 impulses at 0.037 mJ/mm? each per cm? of the row wound area (Evotron).
The focal volume of the hand handled probes was 10-15 mm in diameter, and the total energy
applied for each impulse was 3.5 mJ, with a frequency of 4 Hz or 240 impulses/minute. At the end
of the study period, 16 ulcers healed completely (50%). Every patient underwent single sessions
every 2 weeks, with a minimum of four and a maximum of 10 sessions for a complete treatment.

The wounds were classified on the basis of the location, width (cm), length (cm), row surface
area (cm?), percentage of granulation tissue, percentage of fibrin tissue or necrotic tissue, pres-
ence of exudates, bacterial colonization (positive culture swabs or tissue scrapings), and pain.

Presence of exudates was determined as: none, minimal, moderate, and heavy, adapted
from the wound bed preparation score developed by Falanga [64]. Complete healing was
documented within the first four to six sessions. In all of the wounds, the amount of exudates
decreased considerably, and the increasing percentage of granulation tissue compared with
the fibrin/necrotic tissue was statistically significant. At the end of the study period, in the
non-healed ulcers, a considerable improvement in the wound bed blood supply was docu-
mented. Improvement of all these parameters was noted within the first four to six sessions.

Wang et al. [65] included 74 patients with diabetic skin ulcers of the foot for comparing
ESWT and hyperbaric oxygen therapy (HBOT). They were randomly divided into two
groups (38 subjects in each group). ESWT, electrohydraulic focused, protocol provides two
sessions for 6 weeks (300 + 100 pulses/cm? at an energy flux density of 0.11 mJ/mm?). The
HBOT was performed five times a week for a total of 20 treatments using a sealed multiplace
chamber at a pressure of 2.5 atmospheres for 90 minutes total (25-minute sessions with 5-
minute breaks). Post-treatment wound care was the same in both groups. Outcome variables
included clinical assessment of the ulcers with photo documentation, blood flow perfusion
scan, bacteriological examination, histological study, and immune-histochemical analysis. In
ESWT group, results showed a significant increase of eNOS, VEFG, and proliferation cell
nuclear antigen (PCNA) and a decrease of terminal deoxynucleotidyl transferase-mediated
UTP nick end labeling (TUNEL) with reduction of apoptotic phenomena. It reported signifi-
cant improvement in local blood perfusion in the participants that had DFU and treated with
ESWT (0.61, P <0.002) compared with those treated with HBOT (0.50). Complete ulcer healing
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was found in 31% of the ESWT group compared with 22% of the HBOT group. Furthermore,
in more than 50% was observed a reduction of wound surface and was observed in 89% of
shock wave-treated ulcers compared with 72% of HBOT-treated ulcers. They concluded that
ESWT of chronic diabetic foot ulcer is superior to HBOT, and it appears that ESWT results in
increased angiogenesis and cellular events consistent with decreased cell apoptosis.

Other scientific literature, Wang et al. [66], confirmed that ESWT appeared to be more effective
than HBOT for treatment of chronic wound, in a prospective open-label, randomized, but not
blinded study. Patients were randomly divided into two groups: the ESWT, group consisted
of 39 patients with total of 44 chronic diabetic foot ulcers, while the HBOT group consisted
of 38 patients and 40 foot ulcers. ESWT treatment was carried out with an electrohydraulic-
unfocused device, derma PACE device, and the dosage was ulcer size dependent with the
numbers of impulses equal to the treatment area in cm?x 8, with a minimum of 500 impulses
at energy setting E2 (equivalent to 0.23 mJ/mm? energy flux density) at a rate of 4 shocks per
second twice per week for a total of six treatments. The HBOT group received hyperbaric was
performed with patients in a sealed multi-place chamber at a pressure of 2.5 atmospheres
absolute daily for a total of 20 treatments. The assessment, at 3 and 6 weeks, then once every
3 months, was carried out by local blood flow perfusion scan and histopathological examina-
tion after biopsy specimens. Clinical assessment of the ulcer status was performed by physical
examination including visual observation and photo-documentation.

Clinical results showed completely healed ulcers in 57 and 25% (P = 0.003); >50% improved
ulcers in 32 and 15% (P = 0.071); unchanged ulcers in 11 and 60% (P < 0.001), and none wors-
ened for the ESWT and the HBOT group, respectively. Another interesting observation was
that even though prior to study-based treatment levels of oxygenation were comparable,
oxygenation levels were significantly higher after shockwave therapy than after HBOT
(P=0.002). In histopathological examination, the ESWT group showed considerable increases
in cell proliferation, cell concentration, and cell activity and a decrease in cell apoptosis as
compared to the HBOT group.

Moretti et al. [67] evaluate the effect of ESWT in 30 patients affected by neuropathic diabetic
foot ulcers. One group was treated with standard care and ESWT with an focused electromag-
netic device, three sessions (every 72 hours), with 100 pulses per 1 cm? of wound delivered
at each session at a flux density of 0.03 mJ/mm? while the control group was treated with
only standard care. The wound area and its following reductions were measured with the
Rhinoceros program running and the reepithelialization was measured as the time to com-
plete ulcer healing was measured as the number of days from the start of treatment to the date
in which each patient achieved complete wound healing. If the healing did not occur within
the 20 weeks of the study, the patient was considered to be non-healing. The proportions of
ulcers that healed in 20 weeks in the A and B groups were 53.33 and 33.33%, respectively. For
the ulcers that healed during the 20-week period, the healing times were 60.8 + 4.7 days (mean
+DS) in group A and 82.2 + 4.7 days (mean + DS) in group B patients (P <0.001). A significant
difference was observed in the index of the re-epithelization between the two groups, with
values of 2.97 + 0.34 mm?/die (mean + DS) in the ESWT group and 1.30 + 0.26 mm?/die (mean +
DS) in the control group (P <0.001). Both the healing rate and the healing time were increased
in the ESWT group, and the differences were statistically significant.

233



234 Physical Therapy Effectiveness

Larking et al. [68] investigated the response to ESWT of pressure ulcers in a randomized,
placebo-controlled crossover study. All patients included in the study were patients with
disabilities, presenting pressure ulcers for more than 3 months in different anatomical sites.
The protocol consisted of a 3-week baseline observation period to confirm stable wound
conditions, and subsequently, ulcers were allocated randomly to ESWT or placebo group
and followed-up for 4 weeks receiving treatment each week. After this 4-week period and a
2-week washout period, study crossover to the other treatment ensued. Interestingly, regard-
less of which group they belonged to (initial treatment group or cross-over treatment group),
all nine ulcers showed significant improvement (average of three measurements of ulceration
was recorded) at 6-8 weeks after the initial shockwave treatment. This phenomenon was dis-
cussed as follows that shock waves may first determine debridement of the wounds receiving
proper wound bed, which is then conditioned for healing.

Ottomann et al. in 2012 [69] performed a prospective randomized phase II trial of accelerated
reepithelialization of superficial second-degree burn wounds using extracorporeal shock wave
therapy. A total of 100 patients were included and then randomly assigned in two groups:
control group received a standard treatment debridement of devitalized skin (epidermis) and
topical antiseptic therapy and the experimental group received the standard treatment and
a single application of defocused ESWT (100 impulses/cm at 0.1 mJ/mm) applied once to the
study burn, after debridement. Patients receiving shock wave therapy showed significantly
reduced mean time to complete (>95%) second-degree burn wound epithelialization (9.6 + 1.7
vs. 12.5 + 2.2 days). The study concludes that application of a single defocused shock wave
treatment to the superficial second-degree burn wound after debridement/topical antiseptic
therapy significantly was able to accelerate healing.

Saggini et al. in 2013 [70] by a randomized, controlled trial, with blind assessment, assessed
the efficacy of unfocused shock wave treatment in patients with diabetic ulcers, pressure
ulcers, traumatic ulcers, and vascular ulcers, through the analysis of the percentage of wound
healing (calculated as the reduction in wound area divided for the initial area percent), the
antibacterial effect, through the evaluation of specific buffers and searching for possible
occurrence of infection during therapy. A total of 124 patients with ulcers at least from 3 to
24 months were treated with a frequency of 1 session every 7 days for 7 weeks. A total of 62
subjects were included in Group A and treated with ESWT unfocused probe with Dermagold
electrohydraulic system; the mean energy applied for each pulse in Group A was equal to
0.10 mJ/mm? per cm? (0.09/0.11 mJ/mm?2) with a total energy density equal to 1250 J. A total of
62 subjects were included in Group B but 22 withdrawn, so 40 were treated with ESWT elec-
trohydraulic unfocused device (Evotron); the mean energy applied in Group B was equal to
0.037 mJ/mm? per cm? with a total energy density equal to 462 J. In both Groups A and B were
administered 300-600 impulses per session relating to the wound area at a frequency of 4 Hz
or 240 pulses per minute. Results showed a reduction of 80% of mean area of wound in Group
A: particularly, the 23 diabetic wounds in this group achieved a 85% mean decrease of the row
surface area from a mean surface area of 1.45 cm? to a final average surface area of 0.2 cm?; the
10 pressure wounds demonstrated a 68% mean decrease of the row surface area rising from a
mean surface area equal to 9.8 cm? to a final surface area of 3.1 cm?. The 10 traumatic wounds
obtained an 85% decrease of the row surface area rising from a mean surface area of 1 cm?
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to a mean surface area of 0.15 cm?. Nineteen vascular wounds demonstrated a 76% decrease
of the row surface area rising from a mean surface area of 2.75 cm? to a mean surface area of
0.65 cm?. At the end of protocol (7 weeks), 44 patients achieved complete wound healing, while
the remaining 18 obtained a partial recovery. As for the pain, there was a 79% mean visual
analogical scale (VAS) reduction. The mean surface area in Group B, equal to 3.4 cm? at the
beginning, decreased by 67%: diabetic wounds in this group achieved a 60% mean decrease of
the row surface area rising from a mean surface area of 1.2 cm? to a final average surface area
of 0.48 cm? traumatic wounds obtained an 85% decrease of the row surface area rising from
a mean surface area of 1.2 cm?® to a mean surface area of 0.18 cm?; pressure wounds demon-
strated a 72% mean decrease of the row surface area rising from a mean surface area equal to
8.8 cm? to a final surface area of 2.5 cm?; vascular wounds demonstrated a 61% decrease of the
row surface area rising from a mean surface area of 3.5 cm? to a mean surface area of 1.37 cm?
as for wounds in patients with cryoglobulinemia was found a 33% decrease of the row surface
area. At the end of therapy, 40% of patients had reached a completed healing, 37.5% a partially
healed, and 22.5% unchanged. As for pain, in Group B, there was a 48% mean VAS reduction
(2.7 reduction points compared to the initial value) with a final mean value equal to 3 (range
1-6). No wound in Group B developed infection during therapy; such evidence may confirm
and correlate to bactericidal effect of this system because of dejection of Staphylococcus aureus
in culture swabs. Authors concluded that the greater improvement in Group A is linked to the
higher total flux density of energy transferred from the probe, as regards the application time,
a significant reduction in wound areas was observed after 7 weeks and a peak of increase
of the results, in terms of wound size reduction, between the third and the fourth week of
treatment, so therefore the time required to obtain the regenerative effects would be at least
7 days between one.

Omar et al. [71] in a single blinded randomized controlled study included 35 patients with
chronic diabetic foot ulcer. They assessed the efficacy of ESWT on the healing rate, wound
surface area, and wound bed preparation. In experimental group (19 patients/24 ulcers),
patients received ESWT with a pneumatic unfocused device, twice a week at a frequency
of 100 pulse/cm? and energy flux density of 0.11 mJ/cm? all patients received standardized
wound care consisting of debridement, blood-glucose control agents, and footwear modifica-
tion for pressure reduction.

Clinical outcome measures focused on wound surface area (WSA), the percentage of reduc-
tion in the WSA, rate of healing and wound bed preparation at baseline, after the end of the
interventions (W8), and at 20-week follow-up (W20).

Results showed completely healed ulcers in 33.3 and 54% in ESWT-groups and 14.28 and
28.5% in the control group after intervention (W8), and at follow-up (W20), respectively.
The average healing time was significantly lower (64.5 + 8.06 days vs. 81.17 + 4.35 days,
P <0.05) in the ESWT-group compared with the control group. The authors concluded that
ESWT-treated ulcers had a significant reduction in wound size and median time required
for ulcer healing.

Nossair et al. [72] evaluated the effectiveness of shock wave therapy in enhancing diabetic
wound healing. Forty patients with lower limb ulcerations were included in this study and
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divided randomly into two groups: one treated with shock wave therapy (pneumatic unfo-
cused device) beside medications and traditional wound care methods (Group A), while the
other treated with medical treatment and traditional wound care (Group B). The protocol
consists of a course of three sessions (a session every 1 week for 12 weeks), with 500 pulses
per 1 cm? of wound delivered at each session at a flux density of 0.1 mJ/mm?; three sessions,
one session every week.

The control group performed the essentials of foot ulcer care, namely debridement, adequate
pressure relief, and treatment of infection. Assessments were made at baseline and after
12 weeks as reducing wound surface area and epithelialization rate. After 12 weeks, there
was significant decrease in the surface area of both group, and they become (1.92 + 3.28)
and (4.65 + 3.43) for shock wave and control group, respectively. A significant difference
was observed in the wound surface area and in the rate of epithelialization between both
groups after 12 weeks. The rate of epithelialization for shock wave and control group were
(83.26 + £27.43)% and (48.66 + 31.68)%, respectively, (P <0.001). The results of this study
revealed that there was a significant difference in wound surface area only after 12 weeks
(post-treatment) of the treatment between in shock wave group and the control group
(P =0.0001).

Another scientific work [73] describes the safety and efficacy of ESWT in patients with
non-healing diabetic foot ulcer of various etiologies such as peripheral arterial disease and
neuropathy. Five patients received electromagnetic unfocused ESWT in 6-8 weekly sessions,
delivered as 500 shocks at wound margin and 1000 shocks distal to the wound (lower leg),
spread over the entire muscle area at a flux density of 0.25 mJ/mm? using the Cactor hand
piece of the Duolith SD1 device.

Clinical assessment was carried out 2 weeks after the final session of treatment. Wound area
was measured using digital photography, pressure sensitivity was evaluated by the monofila-
ment test, and calculation of the ankle brachial index (ABI) was done at each visit.

After 6-8 weekly sessions of ESWT, a significant reduction in ulcer surface area was observed
in four patients with a mean post-treatment ulcer size of 6.33 cm? + 5.00 (mean reduction:
1.21+0.82 cm? P = 0.03).

All patients showed improvement in the ABI and monofilament test after treatment (mean
ABI and monofilament test score of 0.9 + 0.12, p value: 0.00 and 4/10 after treatment, respec-
tively). It is interesting that the increase of ABI in all patients after treatment confirms
the strong angiogenic effect of ESWT leading to enhanced limb perfusion. The majority
of clinical trials investigate the effectiveness of short-term ESWT, instead Wang et al.
[74] evaluate the long-term effects of ESWT in chronic foot with 5-year follow-up; they
included 38 patients with 40 ulcers in the diabetes mellitus (DM) group and 29 patients
with 32 ulcers in the non-diabetes mellitus (non-DM) group. All patients received unfo-
cused ESWT with a derma PACE device, and dosage is ulcer size dependent. The number
of pulses was calculated as follows: ¥4 of the treatment area (cm? x 8); but it had reach to 500
shocks (4Hz-equivalent to 0.11 mJ/mm? energy flow density) twice/week for six treatments.
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The follow-up examinations were performed in 1, 3, 6, and 12 months and then once a year.
The evaluations included clinical assessment of the ulcer status, including the size, shape,
and depth with photo documentation, local blood flow perfusion scan, and the mortal-
ity and morbidity including the rates of amputation in 1 and 5 years after ESWT. Tissue
viability was evaluated by local blood flow perfusion scan preoperatively and at 6 weeks,
1 year, and 5 years postoperatively.

After ESWT, the blood flow perfusion rates significantly improved in both DM (P ¥4 0.011) and
non-DM (P ¥ 0.033) groups. The improvements of blood flow perfusion rate began at 6 weeks
and lasted for up to 1 year after ESWT. The blood perfusion rates significantly decreased in
both groups from 1 to 5 years compared with the data before treatment, at 6 weeks (P %4 0.006)
and 1 year (P < 0.001). The blood flow perfusion rate of the non-DM group is significantly
better than that of the DM group from 1 to 5 years after ESWT (P ¥4 0.04).

The clinical outcomes, mortality, and morbidity were compared with a control data of 149
patients with diabetic foot ulcers previously treated by the author. The experimental group
shown a better overall clinical outcomes of healed and improved ulcers at 1 year (73 vs. 64.4%)
compared with the historical controls, although the differences did not reach statistical sig-
nificance (P ¥4 0.338). The mortality rate was 9.4% in the historical controls and 0% at 1 year
(P %1 0.044) and 24% at 5 years (P ¥ 0.017) in the experimental ESWT patients. The historical
controls showed significantly higher amputation rates compared with the ESWT group at 1
year (P <0.001) and 5 years (P <0.001) and more operations other than amputation than ESWT
group the at 1 year (P % 0.003) and at 5 years (P ¥4 0.010), respectively. At the conclusion of this
study, Wang et al. concluded that ESWT appears effective in the treatment of chronic diabetic
and non-diabetic foot ulcers. However, the effects of ESWT significantly decreased from 1 to
5 years after treatment.

5. Discussion

The importance to describe current perspectives of management of soft tissue wounds is
linked to the serious medical and social problem for which it stands, and the purpose of
this narrative review is to evaluate evidence of effectiveness of ESWT on chronic wound and
indicate an application guideline in relation to our experience [75, 76]. The primary goal in the
treatment of soft tissue wounds is to produce beneficial stimuli in the tissue, which stimulate
and support tissue repair and regeneration.

Modern wound bed preparation strategies are to applied immediate [77-79] and after
the rational use of advanced wound care therapies when wounds do not respond suffi-
ciently to good standard care after 4 weeks or sooner as circumstances dictate: negative
pressure wound therapy, HBOT, biophysical electrical stimulation, diathermy, pulsed
electromagnetic fields, pulsed radiofrequency energy, and low-frequency non-contact
ultrasound —MIST and ESWT [80]. The described ESWT studies revealed a lack of unifor-
mity classification of ulcers (etiology, grade, and size) and a variety of types and parameters
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of treatment and the duration of ulcers varied across identified studies (1-24 months) or the
initial ulcer size (1 cm? up to 10 cm?); therefore, it is appropriated to group them based on
measuring the therapeutic effect of ESWT. In this chapter review, the relevant clinical out-
comes were focused on wound healing and reepithelialization time. However, the meth-
ods used to define them are varied. The evidences have shown clinical efficacy as regards
speed of healing highlighting the size of the wound. Furthermore, ESWT is a safe mode
and associated with a low rate of complications during its application both short-term
and medium-term periods of follow-up. All included studies provided sufficient details
to allow the repetition of the intervention protocol. However, we can highlight differences
in frequency, dosage, duration and the generator type, the duration of the protocols, and
the device used. This heterogeneity of parameters can make difficult comparisons between
studies with aim to standardize the application of ESWT in chronic ulcers. In many cited
studies, the number of pulses in a single ESWT session ranged from 10 to 500 pulses/cm?
(206.4 + 172.3 pulses/cm?), but the most frequent value was 100 pulses/cm? of wound area.
Not all studies did describe frequency parameters which instead can be considered impor-
tant in order to evaluate the application and effects of ESWT. According to the review of
clinical research studies, in the case of chronic wounds, ESWT sessions were typically once
or twice per week, as well as once every 2 weeks. The total number of treatment sessions
ranged between three and six. The average time of a single ESWT session was 1-3 minutes,
depending on the size of the wound.

So, ESWT represents a new application of translational medicine and a current border
not only as an advanced physical therapy but also as a regenerative application [81]. This
regenerative potential is linked to mechanotransduction, thanks to cytoplasmic cellular
and extracellular cascade [82], that generates a gene expression modulation. This com-
plex biological phenomenon determines a change in the key factors of regenerative skin
process.

In fact, ESWT can reduce expression of several metalloproteinases and interleukins (MMPs
and ILs) [83]; it stimulates proliferation and collagen synthesis, mediated by early up-
regulation of proliferating cell nuclear antigen (PCNA) and TGF-betal gene expression,
endogenous NO release and synthesis and TGFbetal protein and then collagen synthesis
[84]; in vitro it improves functional activities of ruptured tendon-derived tenocytes (prolifera-
tion and migration), which could probably contribute to tendon healing in vivo [85]; it can
enhance osteogenic differentiation of mesenchymal stem cells, through superoxide-mediated
signal transduction [86]; furthermore, the ESWT facilitates the regeneration process of the soft
tissues by early expression of angiogenesis-related growth factors [87-90].

In addition, shock wave exposure induces strong expression of stromal cell-derived mRNA
factor 1, which influences medium induced chemoattraction of CD34+ cells and hematopoi-
etic stem cells, and the effect on bone marrow-derived mononuclear cells facilitates cell differ-
entiation to endothelial phenotype. These molecular effects and gene expression are reflected
in positive clinic results [8]. All this reduces the health and social costs.

Considering all this evidences, I could recommend for treatment chronic ulcers unfocused
ESWT with fractionated energy in 2 weekly steps, because in this way, there is greater regen-
erative activation.
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6. Conclusion

From these experimental and clinical data, it is possible to conclude that ESWT would improve
not only the wound healing process, but also the regeneration events. The knowledge rela-
tive to the mechanotransduction has had over the years a consolidation process, instead the
modulation of gene transcription related to the regenerative processes on the treatment of
chronic ulcers can be considered as a new border for other clinical studies and clinical trials.
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Abstract

The increase in the number of studies involving affect and exercise published in the last
two decades presents new directions and important advances in the field of exercise psy-
chology, expanding the theoretical knowledge of the theme and highlighting new pos-
sibilities for practical application. This chapter aims to address the relationship between
affect and exercise by defining their concepts, characteristics, and interactions with
physiological and perceived exertion factors. In addition, it aims to demonstrate how
different strategies in exercise prescription can influence the affective responses, provide
the physiological and psychological benefits of exercise, and assist in the adherence and
adoption of an active lifestyle.

Keywords: affective response, exercise, intensity, adherence, pleasure

1. Introduction

Over the past few decades, studies have found that physiological data and the appeal of
health benefits are insufficient to encourage people to maintain regular physical activity.
Therefore, understanding the relationship between affect and exercise is a vital step toward
revealing what factors lead to maintenance of or dropout from exercise programs. This chap-
ter presents the concept of basic affect and its distinction from moods and emotions, as well as
the possibility of measuring affect in the context of exercise from a dimensional perspective.
In terms of the affect-exercise relationship, it will address the importance of the intensity of
the exercise prescription model (self-selected or imposed) in affective responses and the use
of motivational music to stimulate pleasurable sensations or distract from the discomfort that
exercise can cause.

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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2. Affect

The analysis of affective constructs from general and abstract aspects (such as mental health,
psychological well-being, and psychological health) has provided a plethora of terms, such as
humor, emotion, and affect, with similar and diverse definitions, not all of which are univer-
sally accepted [1]. To understand the meaning of affect and its application in the context of
exercise, it is important to define the concepts of mood and emotion. Emotions are immediate
responses to specific stimuli (often directed at a specific object), typically characterized by a
short duration and high intensity. In contrast, moods are characterized as diffuse and lacking
a specific target, are typically associated with downward or no-action trends, and may be less
intense and longer lasting than emotions [1, 2]. In this sense, moods refer to the larger and
more diffuse existential issues of life, while emotions refer to an immediate response, having a
specific and relatively narrow purpose in an encounter with variable environmental stimuli [1].

The term “affect” can be defined as the intrapersonal or experiential basis of all contrast-
ing responses (positive or negative, pleasant or unpleasant), including, but not limited to,
emotions and moods [2, 3]. Unlike emotions and moods, affect encompasses a more general
description of the psychological response and can be considered basic and central. Therefore,
the use of the word affect encompasses the notion that all emotions are affective conditions,
but not all affective conditions are emotions [2, 4].

The investigation of affective phenomena can be envisioned from a categorical or dimensional
perspective. In the categorical view of affect, affective states are ordered into different catego-
ries, comprising states that resemble the prototypical examples, such as anger, fear, sadness,
disgust, happiness, love, and pride [4]. In the dimensional perspective, affective states are sys-
tematically interrelated, and their relationships can be modeled by a stringent set of dimen-
sions. Although both categories have advantages and limitations, the dimensional approach
provides a wider perspective, corroborating the characteristics of basic affect and providing
a model or “map” of the affective space that offers a broad and balanced scope for investiga-
tion of affect in exercise [2, 4]. The dimensional model of affect allows the exercise-induced
affective experience to be captured and the observation of affective changes throughout the
exercise context [2, 4, 5].

2.1. Measuring affect

The measurement of affect can be performed with one- or two-dimensional models [6]. Some
scales are commonly used to measure affective valence and perceived activation from both
models. The Feeling Scale is used to measure affective valence (Figure 1). This instrument
comprises an 11-point scale, ranging from +5 (“very good”) to —5 (“very bad”) [7]. Its purpose
is to quantify the exercise-related sense of pleasure and displeasure. The Felt Arousal Scale
is an instrument used to measure perceived activation [8] (Figure 2); the scale comprises six
levels of activation, ranging from low activation (1) to high activation (6). High perceived
activation can be characterized by excitement, anxiety, or anger, whereas low activation may
be described as relaxation, boredom, or tranquility.
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+5 Very Good
+4

+3 Good

+2

+1 Fairly Good
0 Neutral

-1 Fairly Bad
-2

-3 Bad

-4

-5 Very Bad

Figure 1. Feeling scale.

1 Low arousal

5

6 High arousal

Figure 2. Felt arousal scale.

The circumplex model measures affect from a two-dimensional model, which involves
an affective valence dimension (also called pleasure-displeasure) and a perceived activa-
tion dimension (also called arousal) [6, 9]. The use of the circumplex model in exercise is
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Figure 3. Circumplex model of affect (adapted [5]).

intended to avoid measuring affect with terms such as anxiety, depression, and various
mood descriptions and to provide a map of affect in the broad context of exercise (before,
during, and after activity) [10].

In the circumplex model (Figure 3), the horizontal dimension represents the affective
valence (pleasure-displeasure), and the vertical dimension represents the perceived
activation. Affective spaces are divided into four quadrants: quadrant 1 corresponds to
a sense of high activation and displeasure (tension, nervousness, distress); quadrant 2 cor-
responds to a sense of high activation and pleasure (energy, excitement, vigor); quadrant
3 corresponds to a sense of low activation and displeasure (fatigue, boredom, tiredness);
quadrant 4 corresponds to a sense of low activation and pleasure (tranquility, relaxation,
calmness) [5, 6, 10].

Several studies using dimensional models of affect have verified the importance of measur-
ing affective responses in exercise, as well as the factors that may influence this relationship
[11-13].
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3. Affective responses in exercise

The relationship between exercise and affective response is complex and multifaceted [2].
Although many studies relate exercise to affect as a single phenomenon, there is evidence
that considerable complexity lies beneath this factor. This complexity is based on the nature
of the affective changes and patterns in their relationship with relevant variables, such as
contextual factors (exercise scenario), exercise stimulus aspects (intensity), and individual
differences (physical activity level) [2, 14]. These factors may influence affective responses
during exercise.

Affective valence, based on observations in neuroscience, has shown that negative affect is
one of the first signs of conscious and significant changes in energy regulation and body
balance [15, 16]. Neuroanatomical and neurophysiological studies suggest that interoceptive
stimuli of afferent signals from baroreceptors, chemoreceptors, and mechanoreceptors located
in the viscera and muscles are linked to affective responses [17]. This hypothesis suggests that
changes in the transition between aerobic and anaerobic metabolism during exercise would
be accompanied by unpleasant affective responses [17].

One of the main determinants of affective responses during exercise is the intensity at which
the activity is performed [18]. According to the dual model theory [2], the ventilatory thresh-
old (VT) or lactate threshold functions as a marker of exercise intensity [19-22], demonstrating
that, at prescribed intensities below or around the VT, affective responses maintain a positive
predominance. However, during exercise at VT, the affective valence is less pleasant and,
in some cases, negative [19, 20, 22, 23]. An important aspect of intensities below or near the
VT is the great variability of affective responses between individuals, in whom exercise can
increase, decrease, or stabilize affective responses of pleasure. However, above VT, individual
variations are smaller, and, generally, a decline in pleasure is experienced [22].

According to Dishman [24], feelings of pleasure and well-being appear to be the most compel-
ling reasons for continued participation in an exercise program, rather than the knowledge of
or belief in the health benefits of physical activity. The idea of exercise giving pleasure may
indicate its usefulness to the individual, whereas discomfort indicates damage or danger [20].
The variability in affective responses may be an indication that the situation is providing
substantial benefit or imminent danger. However, whenever all or most individuals respond
in a similar way, with pleasure or displeasure (within a reasonable quantitative range), it can
be assumed that the situation is one that has consistent (positive or negative) implications for
change [20].

4. Exercise intensity and affective responses

Exercise intensity is an important factor in exercise prescription [12, 25]. Performing 30 min-
utes of moderate-intensity exercise, i.e., 64-76% of maximum heart rate (HR ) (at least

max
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5 days a week), or 20 minutes of vigorous intensity, i.e., 77-95% of HR__ (3 days a week),
is the minimum recommendations proposed by the American College of Sports Medicine
(ACSM) for health-related physiological benefits (ACSM, 2011). Studies published in recent
decades have shown that exercise intensity is also one of the main influencers of affective
exercise response [5, 26-28].

In a study by Vandoni [25], which compared the affective responses of exercise performed
at moderate and vigorous intensities, the results showed that vigorous exercise promoted
lower affective responses than moderate exercise. Alves [29], when observing weight training
in elderly women, found higher affective pleasure responses in exercises performed with a
low one-repetition maximum (1RM) percentage (35%) in relation to higher intensities (50%
and 70% 1RM). Follador [30] observed that, even in moderately active adults, high-intensity
protocols promoted less pleasure responses, and protocols prescribing maximal or supra-
maximal intensities were the most likely to stimulate the affective response of displeasure and
probably have the highest negative impact on exercise program adherence.

The relevance of affective responses in the exercise program should be to prioritize the task
response over the postexercise response [31]. Studies have shown that, when exercise intensity
exceeds the VT, there is a decrease in affective response and this change has a greater impact
on the future behavior of maintaining exercise continuity than the affective responses obtained
after exercise [31, 32]. However, the difficulty and complexity of conducting medium- to long-
term studies have not facilitated much investigation into adherence to exercise programs.
Parfitt [28] verified the 6-month effect on physical fitness and affective responses of sedentary
people after an 8-week intervention program. Three groups participated in the training: a con-
trol group, a group that exercised in PSE 13 (Borg 06-20), and group in PSE 15. Their results
show that the group that performed the training at a lower intensity (PSE 13) showed more
positive affective responses during the intervention, maintaining the level of physical fitness
acquired during training, in relation to the control and PSE 15 groups. In the study by Perri
[33], which aimed to observed the relationship between intensity, frequency, and adherence
to exercise over 6 months, the results showed that exercise prescription of moderate intensity
produced greater exercise adherence (66 vs. 58%) than exercise prescription of higher intensity.

4.1. Affective responses and self-selected intensity

A self-selected intensity exercise is an activity in which the participant chooses the preferred
intensity [34]. For beginners, exercise at intensities above the anaerobic/VT may provide affec-
tive responses of displeasure and stimulate changes in exercise intensity toward self-selected
intensities. In this sense, beginners of exercise programs seek lower perceptions of effort and
greater affective pleasure responses [35].

Motivational aspects related to the practice of exercise have been investigated using behav-
ioral theories. To better understand the factors leading to the permanence, or dropout, of
beginners of exercise programs, the hedonic theory and the self-determination theory have
been important in understanding self-selected exercise [36-38].

The hedonic theory of motivation suggests that when one experiences a situation that pro-
motes pleasure, joy, or fun, one will seek to repeat that activity. However, if the situation
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induces displeasure, pain, or discomfort, the chance of adherence or repetition of the activity
is lower [37, 39]. The self-determination theory is a general theory of human motivation that
prioritizes autonomous aspects of behavior over controlled ones. Its emphasis is on providing
a sense of granted autonomy and can promote a pleasant, self-gratifying feeling and greater
intrinsic motivation [36, 39, 40]. The sense of autonomy and positive feelings forms the funda-
mental aspects of self-selected exercise.

The psychological elements of behavioral theories are linked to the physiological components
of effort. Lower-intensity activities are inversely correlated with feelings of displeasure and,
consequently, with adherence [34]. However, the duration of activity may also be related to
displeasure, with shorter duration exercises being more conducive to adherence than very
long activities [39, 41].

Self-selected intensity exercise has been proposed by several authors as a strategy to improve
the participation and adherence of physical activity programs by sedentary people [3, 34].
Studies have shown that insufficiently active people are able to self-select an exercise intensity
according to the ACSM parameters for maintaining and/or developing cardiorespiratory fit-
ness, associated with lower exertion perceptions and positive affective responses [27, 28, 42].
Although some studies have addressed the fact that affective responses are more dependent on
exercise intensity than on how it is prescribed (imposed or self-selected exercise) [43, 44], other
studies point out that, even when the exercise session is prescribed at the same intensity as the
self-selected exercise session, the affective responses may be different. Hamlyn-Williams [45]
observed that aerobic exercise lowers perceptual responses and affective responses are higher
during self-selected intensity than during imposed intensity. Similar results were observed in
the study by Da Silva [46] on resistance training, in which three of the four exercises used in
the study had lower perceptual responses, and all exercises showed higher affective responses
for self-selected intensity.

In intervention studies, self-selected intensity has been shown to be an excellent strategy to
provide similar or more pleasurable affective responses than imposed intensity exercises [47].
In the study by Freitas [27], which compared walking exercise programs at self-selected and
imposed intensities (10% above VT) over 12 weeks of training, the results showed that self-
selected exercise induced more pleasurable affective responses, where the percentage of HR
and PSE responses were lower than in the imposed exercise regime. In addition, walking at a
self-selected intensity was sufficient to promote improvement in maximal oxygen uptake at
the end of training. Yang [48] concluded, from a 12-week study, that both self-selected and
prescribed intensities improved the level of physical activity and positive affect and reduced
physiological parameters (waist circumference, systolic and diastolic blood pressure) in retir-
ees. However, the self-selected intensity was more favorable to the increase of positive affect
than the prescribed intensity.

5. Influence of music on affective exercise responses

The evolution of technology in recent decades has provided facilities and amenities that were
difficult or restricted to access in the past. Music has benefited in this respect, and with the
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creation and evolution of smartphones, headphones, MP3 players, and the Internet, access to
music content of different styles and from various countries has become easier and more com-
monplace, and the technology has increased our capacity to transport music [3]. Nowadays,
people have become more accustomed to listening to music during their various daily activities,
such as walking in the park, commuting, doing homework, exercising at the gym, and leisure
times [3].

In sport and exercise, music has been used for the purpose of improving performance, reduc-
ing the monotony of the activity, or as a musical background [49, 50]. Music can improve
mood and emotion, reduce the perception of effort, dissociate from pain and fatigue, etc. The
psychophysiological responses of music are supported by four pillars: rhythmic response,
musicality, cultural impact, and association [50].

The rhythmic response represents the natural response to musical rhythm, which refers to the
speed of music in beats per minute. Musicality refers to related elements such as pitch and
harmony. Cultural impact is the representativeness of music to society or a cultural group.
Association is the extramusical reflection that music can promote. These four factors are pre-
sented in their hierarchical order, so that there is a greater importance conferred on musical
rhythm and less importance on association [49, 51]. In this sense, the use of motivational
music is thought to be an important strategy in exercise for promoting acute and chronic
benefits and assisting in exercise adherence [49].

Motivational music can be defined as stimulating music with a fast musical tempo and promi-
nent beat. Studies that have investigated the acute effects of music on exercise have demon-
strated the psychological and physiological influences on different populations [52, 53]. In
diabetic patients, the practice of exercise with music provided greater affective responses than
exercise without music [54]. In Silva’s research [55], motivational music provided a greater
shift of focus from feelings of discomfort and effort than when exercise was performed without
music in overweight and obese women. Macone [56] found positive changes in young adults
in tension, depression, mood, confusion, and fatigue and improved running performance with
motivational music compared to no music. Finally, music performs different functions in the
context of exercise, and its action on motivational and dissociative aspects can affect psycho-
physiological factors and promote a positive and enjoyable experience during physical activity.

6. Discussion

The definitions of the terms “affect,” “humor,” and “emotion,” from a perspective that
allows us to analyze their differences, are fundamental for the evolution of understand-
ing “affect” and its application in exercise—a fact that has enabled researchers and other
professionals to focus on observing “affect” from a categorical or dimensional perspective
[1, 2]. In the field of exercise science, dimensional vision has allowed the appropriation and
adaptation of instruments of affect measurement to be more appropriate to the context of
the area, contributing to the growth of research, the comparison between studies, and the
development of the field [32].
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The observation of affective responses before, during, and after exercise does not replace
the prescription and observation of exercise-related physiological and perceived exertion
responses, but their interrelated aspects complement the importance of the psychological
and physiological benefits derived from regular practice [42]. The analysis of the relation-
ship between intensity and affective responses has challenged exercise science to investigate
exercise prescription strategies that provide pleasurable sensations and achieve appropriate
physiological parameters for health benefits, as well as strategies for making exercises that
require a higher physiological stimulus more enjoyable [39, 55, 57].

Prescribing exercise at a self-selected intensity was one of the possibilities that emerged in
order to make exercise practice more enjoyable for sedentary individuals and beginners [39].
Investigations in this area present important results, with several limitations, such as reach-
ing physiological stimuli beyond the ventilatory threshold [2, 57]. The use of music reaches
broader parameters in the context of affective responses, stimulating positive changes from
its thythmic and cultural elements, as well as dissociating feelings of discomfort arising from
exercise [47, 58] Thus, the effects of music, according to its specificities, may provide benefits
independent of the intensity or mode of prescription.

Using physical exercise as a nonpharmacological tool in disease prevention and treatment is
a reality that tends to increase in the coming years; thus, the importance of understanding the
affect-exercise relationship and its challenges will help in adhering to and, consequently, in
obtaining the physiological and the psychological benefits from regular exercise.

7. Conclusions

Understanding affect from a dimensional perspective provides a broader view of the affect-
exercise relationship. Although affect is understood to be a complex phenomenon, exercise
intensity seems to be one of the main determinants of its quality and quantity. Selecting an
appropriate exercise prescription mode and musical stimulation can also induce a more plea-
surable affective experience and assist in the consistent adherence to exercise programs.
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Abstract

Final-phase rehabilitation in South Africa is synonymous with the professions of Physio-
therapy and Biokinetics; no consideration is given to the contribution of the profession
of Recreational Therapy, which successfully contributes to other international healthcare
paradigms. The primary aim was to determine whether collaborative relationships exist
between South African recreational therapists and physiotherapists or biokineticists. A
secondary aim was to review the potential inclusion of the profession of Recreational
Therapy within the existing South African patient referral system of the multidisciplinary
healthcare paradigm. An electronic search of the Google Scholar and Sabinet databases
identified no records regarding interprofessional collaborative relationships between
Recreational Therapy, Physiotherapy and Biokinetics. The authors therefore used two
indirect records that prescribe interprofessional collaboration among South African
healthcare practitioners during final-phase exercise rehabilitation. The quality of these
individual records was appraised using the modified Downs and Black Scale in order
to reduce bias. While there is a paucity of literature identifying the absence of interpro-
fessional collaborative relationships between Recreational Therapy, Biokinetics, and
Physiotherapy, the Health Professions Council of South Africa (HPCSA) guide neverthe-
less allows for dynamic overlap among final-phase exercise therapists, thereby providing
an opportunity for the inclusion of Recreational Therapy within the existing dynamic,
multidisciplinary, South African healthcare paradigm. The inclusion of the profession
of Recreational Therapy, as part of a collaborative team effort, can be helpful in order to
address the multifaceted challenges experienced by many South African patients.

Keywords: biokinetics, interprofessional collaboration, physiotherapy,
recreational therapy
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1. Introduction

While final-phase exercise rehabilitation in South Africa is synonymous with the professions
of Physiotherapy and Biokinetics [1], Recreational Therapy is another South African thera-
peutic profession which offers a noteworthy contribution to final-phase rehabilitation [2].
Clinical exercise rehabilitation regimes commonly adopted by Physiotherapy and Biokinetics
are monotonous, resulting in poor patient rehabilitation compliance [3]. Strydom et al. [3]
reported that many patients prefer fun and exciting games and playful physical activities
to tedious clinically prescribed rehabilitation programmes. The inclusion of structured,
fun, games and physical activities ameliorates rehabilitation compliance, thereby leading
to greater rehabilitative success [3]. Playful physical activity, games, and exercises all help
to develop patients’ physical, cognitive, and motor skills, having a further beneficial effect
on their psychosocial development [4]. Mlenzana and Frantz [5] contend that South Africa
requires a multidisciplinary healthcare rehabilitation team in order to address the health and
physical needs of patients who require both clinical, and non-clinical, rehabilitation.

The dynamic interaction of the profession of Recreational Therapy within the existing South
African healthcare paradigm has been marginalised [6, 7]. Recreational Therapy has not been
included in the South African Healthcare paradigm, and this has a detrimental effect on cross-
referrals for recreational therapy [6]. Furthermore, Recreational Therapy is not acknowledged
by the South African national legislative health bodies; being neither acknowledged by the
Allied Health Professions Council of South Africa (AHPCSA) nor by the Health Professions
Council of South Africa (HPCSA) [2]. Internationally however, the profession of Recreational
Therapy has been officially recognised as a significant independent profession, contribut-
ing to the well-being of patients through their successfully rehabilitation [8]. The North
Carolina Recreational Therapy Association reported that Recreational Therapy ameliorates
both patients’ physical conditioning (improving motor skills, joint range of motion, muscle
strength, gait, and lowering blood pressure) and psychosocial development (improving men-
tal awareness, and anxiety management skills, reducing social anxiety, depression and social
isolation) [9].

In South Africa, the cross referral of patients is initiated with a visit to a general medical
practitioner, who refers a patient to medical specialists or physiotherapists [6]. If surgery is
warranted, the patient may undergo in-patient post-surgery physiotherapy, followed by out-
patient physiotherapy, being referred to a biokineticist for final-phase functional rehabilita-
tion [6]. The in-patient and out-patient physiotherapy is considered to form part of the acute
and sub-acute (intermediate) phases of rehabilitation respectively [10].

Human health and well-being are influenced by numerous factors and the management
thereof should therefore be multidisciplinary in nature [11]. Cooperative interaction within a
multidisciplinary healthcare rehabilitation team (MDHRT) has been identified as the most effec-
tive strategy for the provision of superior healthcare [11, 12]. This ideal can only be achieved
if the protagonists of the MDHRT recognise and respect each other’s scope of profession
(SoP), which, in turn, is reliant on their familiarity with each other’s SoP [13, 14]. Pecukonis
[15] and Wynn [16] underlined the need for improved multidisciplinary collaboration when
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they reported that the era of professional healthcare centrism and/or individualism, which
restricted interprofessional healthcare partnership and effective healthcare, has passed. This
is similarly emphasised by Mlenzana and Frantz [5] who contend that the need for a multi-
disciplinary South African healthcare exercise rehabilitation team to provide optimal patient
healthcare is eminent.

The initial aim of this chapter is to determine whether a collaborative relationship among
Recreational Therapy, Physiotherapy, and Biokinetics exists. A further aim was to identify the
opportunities under which Recreational Therapy can make the most meaningful contribution
to the South African rehabilitation healthcare paradigm.

2. Methodology

The methodology complied with the PRIMSA practises for drafting review articles, following
its guidelines [17].
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Figure 1. Articulation of the health dimensions in the health paradigms [3].
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2.1 Literature surveillance

A literature exploration of professional, peer-reviewed, statutory records and grey literature
was conducted using the Sabinet and Google Scholar search engines (Figure 1). Key search
terms were: “physiotherapy,” “biokinetics,” “recreational therapy,” and “interprofessional
collaboration.”

2.2 Admissibility criteria

The participants were records concerning interprofessional collaborations between the pro-
fessions of Physiotherapy, Biokinetics, and Recreational Therapy. Themes of interest that
emerged were proposals for interprofessional collaborations between recreational therapists
and biokineticists, post final-phase physiotherapy, and the dynamics of interprofessional col-
laboration between recreational therapists and biokineticists within the South African reha-
bilitation health paradigm. The exclusion criteria employed were: collaborative relationships
between biokineticists, physiotherapists, occupational therapists, physical educators, psy-
chologists, and dieticians. Furthermore, non-English records were excluded. The screening
eligibility of records was performed in the following steps: (i) title screen, (ii) abstract screen,
(iii) exclusion of duplicate records, (iv) the application of the aforementioned exclusion crite-
ria, and (v) full text screen.

3. Results

The Google Scholar and Sabinet search engines identified no records pertaining to collabora-
tive relationships between recreational therapists, physiotherapists, and biokineticists. The lit-
erature surveillance was not limited to a specific time frame. The paucity of published research
on this subject is indicative of the need for qualitative research to be undertaken in order to
encourage and support interprofessional collaboration between physiotherapists, biokineti-
cists, and recreational therapists. The researchers engaged with two indirectly related records
in order to assist with the overarching discussion of the potential inclusion of Recreational
Therapy within the South African final-phase rehabilitation healthcare paradigm post phys-
iotherapy (Table 1). The quality of each record was appraised using the modified Downs and
Black Appraisal Scale that examines both randomised controlled trials and non-randomised
records [18]. The revised checklist comprised 13 questions. Each question was scored as either

Authors Findings

Strydom et al. [3] Provides insight into the articulation of the dimensions of health care and wellbeing that facilitate
the expertise of Human Movement Science practitioners (biokineticists and recreational therapists)
within the South African context.

Hall [6] Outlines the holistic interaction of South African healthcare practitioners within a number of health
dimensions and paradigms.

Table 1. Records adopted into this commentary (n = 2).
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Authors Reporting External Internal Power Total Grading % =x/13 x 100
prowess (n=5) validity (n=3) validity(n=4) (m=1 (n=13)

Strydometal. [3] 4 0 1 0 5 38.46

Hall [6] 4 0 0 0 4 30.76

Table 2. Appraisal of records using the modified Downs and Black appraisal scale.

1 (yes) or 0 (no). The questions selected were 1, 2, 3, 6, 10, 11, 12, 13, 14, 18, 20, 23 and 27. The
assessment reviewed the evidence reporting expertise (n = 5 questions), the internal validity
(n = 4 questions), the external validity (n = 3 questions) as well as the power of significance
(n=1). Thereafter the summation of the scores was expressed as a percentage, reflective of the
overall quality of the paper. These percentages were categorised into weak (<50%), fair (50—
69%), good (70-79%) and very good (>80%) as per the grading system proposed by Downs
and Black [18] (Table 2). The average percentage of all the records was 34.61%.

4. Discussion

The discussion relates to the review of the SoP of Physiotherapy, Biokinetics, and Recreational
Therapy, which is followed by a description of the healthcare dimensions and paradigms. The
article concludes with a discussion concerning the dynamic interaction of the aforementioned
healthcare professions within the South African healthcare paradigms, specifically reviewing
the inclusion of Recreational Therapy in the final-phase exercise therapy.

4.1 Scope of profession of physiotherapy

The profession of Physiotherapy was established in 1924 and is a longstanding provider of
rehabilitation in South Africa [19, 20]. The SoP of Physiotherapy includes the treatment of
diverse pathologies that include orthopaedic, neurological, respiratory and thoracic, cardio-
vascular, obstetric, paediatric, and geriatric, as well as providing treatment in terms of sports
medicine, intensive care, and general rehabilitation [1]. Physiotherapy’s SoP does not include
recreational therapy.

4.2 Scope of profession of biokinetics

The profession of Biokinetics was officially gazetted in South African Healthcare legislature
in 1983 [3, 21]. Biokinetic rehabilitation improves an individual’s wellbeing and quality of
life through personalised evaluation and therapeutic exercise prescription within the con-
text of chronic clinical pathologies (the illness care and illness prevention health dimen-
sions within the pathogenic paradigm) and performance advancement, which may include
apparently healthy patients who aim to enhance or preserve their health by participating
in habitual exercise, but who do not have any risk of pathology (the fortogenic paradigm)
[21, 22]. Biokineticists manage children, pubescent, adolescent, adult and elderly patients
during final-phase rehabilitation [1, 3].
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4.3 Scope of profession of therapeutic recreation

Despite the lack of official recognition, professional bodies such as the South African National
Recreation Council (SANRC), Recreation South Africa and the Leisure and Recreation Association
of South Africa (LARASA) [2] promulgate the practise of Therapeutic Recreational. Recreation
South Africa was the initial professional body founded in 1994, whose primary objective was
to perpetuate recreation and leisure fieldwork training. Subsequently, in 1998, the SANRC,
whose fundamental purpose was campaigning for national recreational and leisure activity
service delivery, was established [2]. Almost a decade later, in 2010, LARASA was established
in order to promote Recreation as an independently recognised profession. The Leisure and
Recreation Association of South Africa (LARASA) crusades against a physically inactive life-
style by campaigning for leisure time physical activity [2]. Recreational Therapy makes use
of both clinical and non-clinical components in order to facilitate the successful rehabilitation
of patients (The Hull House) [8]. Recreational therapy involves a systematic process that pre-
scribes recreation and other activity-based treatments to meet the therapeutic needs of patients
with illnesses and/or disabilities, thereby facilitating their physical and psychological recovery
and well-being [23]. The aim of Recreational Therapy is to improve or preserve the patient’s
physical, social, cognitive, emotional, and spiritual functioning so as to enhance the patient’s
quality of life [23]. Recreational Therapy includes therapeutic recreational activities such as
arts and crafts, dance, drama, music, animal therapy, games, sports, and community outings
[23]. Recreational therapists also treat the mental and emotional co-maladies of non-communi-
cable diseases and musculoskeletal injuries by reducing depression, anxiety, and stress, while
simultaneously increasing patient confidence [23].

4.3.1 Summary of the scope of profession of the aforementioned professions

Recreational therapists form part of the bio-psycho-social discipline and are amalgamated
with dieticians, psychologists, and biokineticists [6] (Figure 1). Bio-psycho-social prac-
titioners function within both the pathogenic and fortogenic health care paradigms [6].
Physiotherapists and occupational therapists function within the domain of the pathogenic
healthcare paradigm and are considered to be primary healthcare practitioners (medical dis-
cipline) [10]. Maharaj [10] further reported that Physiotherapy is synonymous with acute and
sub-acute treatment, whereas biokineticists are synonymous with final-phase or post medical
rehabilitation. Recreational Therapy provides both physical and psychological rehabilitation
through recreational activities and social engagement [8]. While psychological rehabilitation
does not fall within the SoP of Physiotherapy and Biokinetics, it is a fundamental aspect that
is needs to be addressed in order to ensure the successful re-integration of patients into work
and society [1].

5. Healthcare dimensions and paradigms

Before studying the healthcare paradigms, it is crucial to appreciate the three healthcare
dimensions, namely:
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i. Illness care, which occurs when pathology is apparent. The principal objective is to pre-
scribe medical treatment to remedy the pathology [3],

ii. Illness prevention, which is apparent when the patient is pathology-free but is at an
inherent increased risk of a given pathology, significantly increasing the chances that he/
she may develop the pathology later on in life [3]

iii. The health promotion dimension is where the patient is pathology free and/or not inher-
ently predisposed to risks for prospective illness, but is insistent on proactively partici-
pating in physical activity (exercise and games) in order to maintain a healthy lifestyle,
thus preventing or even avoiding the acquisition of chronic illness and/or inherent risk
factors that may compromise their health and wellbeing [3, 24].

The aforesaid healthcare dimensions function within the two healthcare paradigms,
namely the pathogenic and fortogenic paradigms. The pathogenic paradigm is comprised
of the illness care and illness prevention health care dimensions, thus requiring the clinical
intervention of medical disciplines (medical doctors and nurses, paediatricians, physio-
therapists, and occupational therapists) [6]. In the fortogenic paradigm, the patient has
neither an existing pathology nor an intrinsic susceptibility to disease, injury and/or dis-
ability, but would like to be physically active in an attempt to prevent disease, injury,
or disability [3]. It is essential to consider that the health dimensions are dynamic; an
overlap in healthcare dimensions and paradigms can exist thereby necessitating the clini-
cal expertise of different healthcare practitioners. The healthcare professional should be
mindful of this fact and demonstrate professional integrity, which will on occasion lead
to collaborative endeavours among practitioners who, in so doing, form a MDHRT. The
fundamental objective is the delivery of the best healthcare possible: conflicts arising out
of the adjudication of the jurisdiction of the SoP of a given discipline are counterproduc-
tive [25, 26].

5.1 The overlay of clinical expertise in the various health care dimensions

i. The overlay between the two paradigms occurs in late stage rehabilitation in Area A
(final-phase rehabilitation or post medical phase) (Figure 1). An excellent example can be
given in an athlete experiencing glenohumeral (shoulder) pain and who initially pre-
sents themself to a medical doctor who will ascertain the musculoskeletal and/or liga-
mentous pathology and prescribe initial treatment such as PRICE (protection, rest, ice
and elevation) and medication [27]. The patient is thereafter referred to a physiotherapist
who performs early stage treatment entailing reduction in inflammation, and establishes
normal pain-free movement. The patient would thereafter be referred to a biokineticist
who would symmetrically strengthen the scapulothoracic and rotator cuff muscles,
ameliorate proprioception and enhance scapulohumeral rhythm and functional move-
ments in multidirectional planes. The glenohumeral rotator cuff muscles should be sym-
metrically strengthened because they orchestrate glenohumeral movement in all planes.
The principal goal of the biokinetic rehabilitation is to foster normal scapulohumeral
rhythm and multi-planar glenohumeral arthrokinematics under dynamic stress during
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ii.

vigorous physical activity [25, 27]. Biokinetic rehabilitation becomes challenging at this
stage if the patient has meagre motor skills, kinanesthesia, co-ordination and propriocep-
tion. Another fundamental concern is patients’ need to remain enthusiastic regarding
the clinical rehabilitation in order to maintain patient compliance. Due to this fact, the
biokineticist should refer such patients to a recreational therapist, who will endeavour
to augment the patient’s motor skills, kinanaesthesia, and proprioception as well as their
body co-ordination through the prescription of individual fun functional physical activi-
ties, exercises and/or playful games. Once the patient has improved their motor skills,
kinanaesthesia, proprioception and co-ordination, the patient can be referred back to the
biokineticist to complete their return to sport evaluation. The biokineticist should also
refer patients who are not enthusiastically engaged in sport or in a regular physical activ-
ity (exercise) to a recreational therapist so as to encourage a continuing engagement with
recreational physical activity. This will encourage these patients to be physically active,
abating their sedentary lifestyle. The recreational therapist can help the patient identify
their recreational physical activity interests (painting, dancing, gardening, fishing, and
trail walks) and subsequently encourage these activities as part of the patient’s habitual
lifestyle. A generally sedentary lifestyle and obesity are among two of the greatest prob-
lems that affect the health of South African children and adolescents and one of aims of
the South African National Healthcare Strategy is to encourage a physical active lifestyle
especially among children and adolescents. Cross-referral among South African health-
care practitioners can help achieve this goal.

Area B is considered to be the secondary prevention of a pre-existing injury and/or pathol-
ogy and the onset of co-maladies (Figure 1) [3]. In this scenario the patient has experienced
a pathology, has undergone medical treatment and thereafter embarks on physical reha-
bilitation in order to prevent a reoccurrence of the pathology, the progressive deteriora-
tion of the pathology, or to prevent the development of comorbidities, while concurrently
ameliorating their health status [3]. Adopting the earlier example of an athlete suffering
from shoulder pain; the patient has successfully completed his/her acute and sub-acute
phase physiotherapy and final-phase biokinetic rehabilitation, but would like to continue
with symmetrical strengthening of the musculature of the sternoclavicular, acromiocla-
vicular, scapulohumeral joints, seeking to improve kinaesthesia and proprioception and
thereby collectively protecting the shoulder joint from a prospective relapse [27]. To this
end Strydom et al. [3] reported that many patients enjoy playing structured games that
have specific therapeutic benefits instead of complying with clinical final-phase exercise
rehabilitation. The prescription of structured therapeutic games is known as therapeutic
recreation, and would necessitate the referral of the patient to a recreational therapist [3].
Strydom et al. [3] recommend the prescription of fun, enjoyable games which increase
patient’s rehabilitation adherence, thereby increasing the success of the rehabilitative
programme. Understanding the post injury stage of healing, motor and psycho-social
development is imperative for the delivery of successful secondary prevention rehabilita-
tion services to patients [27]. Therefore, the cross-referral to recreational therapists is of
vital importance to this rehabilitation process. Plys [28] reported that individuals resid-
ing in assisted living communities engage in recreational activities, which enhances their
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quality of life. Many individuals residing in assisting living communities have suffered
limb loss (paraplegics), psychological challenges and/or elderly individuals who need
assistance. Supervised recreational therapy will greatly enhance their physical condition-
ing and thereby ameliorate their quality of life.

iii. In the second health dimension (illness prevention) the patient has no pathology but is at risk
of developing non-communicable diseases due to an unhealthy lifestyle, or the patient would
like to be physically active to improve their quality of life [3]. The illness prevention dimension
is an extension of the illness care dimension found within the pathogenic paradigm. Patients
in the illness prevention healthcare dimension require the expertise of both the medical and
bio-psycho-social disciplines [3, 6]. The overlap between the illness care and illness preven-
tion lies in Area D, which is regarded as complication prevention (Figure 1). The example of an
insulin-dependent diabetic, who is overweight and adheres to medication and therapeutic
exercises so as to negate auxiliary metabolic deterioration, is instructive [29]. Management of
this condition requires the combined expertise of the medical discipline (paediatrician, nurse,
endocrinologist and occupational therapist) and the bio-psych-social discipline (recreational
therapist, dietician and psychologist) [6, 24]. The combination of the long-term duration of
the complication prevention rehabilitation and the age of patients must be seen as factors that
require the expertise of both a recreational therapist and a biokineticist [3]. The recreational
therapist ensures the prescription of fun, enjoyable recreational physical activity, while con-
currently maintaining a clinical therapeutic agenda [3]. This enjoyment of evidence based, age
appropriate physical activity will aid in the success of the rehabilitation services subsequently
provided by the recreational therapist, advancing the overall goal of habitual adherence to
physical activity [24]. Patients needing clinical rehabilitation may initially be referred to a
biokineticist, thereafter the biokineticist should refer them to a recreational therapist thereby
helping the patient habitually continue with fun, enjoyable recreational physical activity.
Patients may at times be uncooperative, and unwilling to participate in clinical rehabilitation
contrary to their needs. The introduction of fun, enjoyable recreational activity may be useful
in persuading uncooperative patients to engage in physical activity.

iv. In the fortogenic paradigm the person is healthy (pathology free) and is not at any intrin-
sic risk of injury and/or illness but enjoys being physically active [3]. These patients often
consult biokineticists in order to prescribe exercise programmes, physical activity games
and functional drills with the goal of enhancing their physical status and the intention
of improving their health and quality of life. Practitioners should consider the age and
zeal of the patient; these needs should be harnessed so as to propagate a habitual physi-
cally active lifestyle, forming positive habits that reinforce regular exercise and physical
activity outside a clinical or competitive sport arena. Referral to a recreational therapist
could be an outstanding choice, allowing the prescription of age appropriate therapeutic
exercise and games delivered in such a way that it would make regular physical activity
enjoyable, fun and habitual.

It is important to note that the stratification of final-phase exercise rehabilitation into the
expertise of Biokinetics and Recreational Therapy will enhance patient experience and thereby
increase physical activity well into late adulthood.
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6. Conclusion

Optimal final-phase exercise rehabilitation warrants the mutual collaborative efforts of
physiotherapists, occupational therapists, biokineticists, and recreational therapists, in
working together towards the goal of holistic rehabilitation; cross-referrals among these
exercise therapy professions is thus a necessary condition for success. This commentary
touches on certain pertinent aspects of collaborative final-phase exercise rehabilitation
among recreational therapists and biokineticists but is simultaneously aware that much
more illustrative research and disciplinary encouragement is needed for successful cross-
referrals to become a reality.
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Abstract

Manual Therapy is one of the most widely used therapeutic solutions in the treatment
of pain and musculoskeletal disorders. Its evolution began several centuries ago and
culminated in the modern reference methods in the field of physiotherapy, osteopathy,
and chiropractic, which mainly address the treatment of joint and myofascial tissues.
The advent of evidence-based medicine and the ever-growing literature available in the
field of Manual Therapy has led this therapeutic approach to be heavily criticized on the
basis of studies that have shown its limitations with regard to manual and palpatory
assessment techniques, the poor biomechanical validity of therapeutic methods, and the
poor long-term results in the treatment of patients with musculoskeletal pain. A better
understanding of the mechanisms underlying the effectiveness of Manual Therapy, as
well as of the mediators of the medium- and long-term effectiveness of musculoskeletal
rehabilitation processes, has made it possible to reconsider the role of Manual Therapy
and the healthcare professionals specializing in manipulative therapy within the frame-
work of the biopsychosocial model, which focuses on the patient and their functionality.

Keywords: Manual Therapy, manipulations, myofascial, biopsychosocial model, clinical
reasoning, effectiveness, evidence

1. Introduction

Manual Therapy is currently one of the main therapeutic options in the field of rehabilitation
and more specifically in the treatment of musculoskeletal disorders. In recent years, the advent
of evidence-based medicine has led to the publication of several studies on Manual Therapy,
thereby enabling a better understanding of the mechanisms underlying its effectiveness in
clinical settings. However, this method originated in ancient times. Indeed, testimonies show
that it was applied in very distant times and places and in very different forms, contexts, and
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cultures, such as by shamans in Central Asia and bone setters in Mexico, Nepal, Russia, and
Norway [1]. We have direct evidence by Hippocrates (ca. 400 BC) who described the use of
manipulative and physical therapy for the treatment of scoliosis and vertebral dysfunctions.
Similar techniques were described by Galen, a roman surgeon (ca. 150 CE), and illustrated in
his treatises [2].

In the Western world, modern Manual Therapy dates back to the seventeenth century and has
undergone a progressive evolution that has led to current manual practices in physiotherapy,
osteopathy, and chiropractic [1].

Most of the current clinical practice and manual techniques used by the majority of practitio-
ners defined as “experts in manipulative treatments,” are based on biomechanical assump-
tions at the root of the patient’s symptoms, with palpatorily identifiable dysfunctions, that can
be treated by means of specific techniques aimed at joint tissue [3-5], myofascial tissue [6-8],
or nervous tissue [9].

All these concepts, based on anatomical theoretical models of musculoskeletal and health
disorders, were born and developed as a result of the often brilliant intuitions of different
authors, but they must be interpreted within the context in which they were born, the knowl-
edge, the cultural contexts, and the technological and instrumental options available at the
time [2].

Each author has, in some way, enabled the development of our approach to the patient and
their management: witness symptom modification (Mulligan Concept) [4], the role of self-
treatment (McKenzie Method) [3], and the need to focus clinical practice on the patient’s daily
demands and difficulties (Maitland Approach) [10].

However, the biomechanical effects and elements at the basis of the effectiveness of these
approaches have been increasingly challenged by the advent of an evidence-based medicine
culture [11]. Although expert opinion is part of the evidence pyramid that should guide clini-
cal practice, it is only the lowest level of evidence [12].

Studies published in the last 30 years have seriously challenged both the “tissue-related”
and “biomechanical” bases of these manual approaches and the validity and reliability of the
techniques involving palpatory assessment as well as manual and manipulative treatment
[13-15].

As healthcare professionals, we have a duty to ask ourselves questions: “Are we really able
to accurately palpate a specific target tissue from an assessment point of view? [16] Are we
able to identify a specific tissue as responsible for the patient’s symptoms? Are we able to
differentiate it from the surrounding tissues and identify any dysfunctions? [14, 17]”.

From a therapeutic point of view, are we able to make structural changes to peripheral tissues,
whether they consist in joint repositioning or orientation of collagen fibers in the myofascial
tissue?

Above all, is the modification of peripheral tissues related, and therefore necessary, to the
achievement of clinical improvements in patients experiencing musculoskeletal pain?
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How important are these factors in changing the prognosis of musculoskeletal patients? How
much must a manual technique and a healthcare professional be “biomechanically special-
ized” to achieve a positive outcome in the patient? Highlighting these elements is extremely
important, as they are still the basis of the clinical practice, care, and treatment of millions of
patients worldwide and thus have a major clinical impact [18]. What technique or approach
can improve the symptoms of patients with musculoskeletal pain, and why?

Today, there is a wealth of literature supporting the effectiveness of Manual Therapy in
improving pain and mobility in patients with musculoskeletal disorders [19-21]. However,
these improvements are mainly short-term and have a reduced efficacy, particularly in sub-
jects with chronic symptoms [21].

The limited efficacy in patients with chronic pain and the overlapping course of clinical symp-
toms in the long term irrespective of manual treatments [22, 23] cast doubt on the clinical
assumptions that still often guide manual and manipulative clinical practice.

The lack of a shared model supported by evidence and the limited diagnostic, therapeutic,
and prognostic role of approaches linked to exclusively manual and biomechanical interven-
tions has led to the development and implementation of what has been defined as the biopsy-
chosocial model, also in the field of rehabilitation [24].

The biopsychosocial model is currently the reference model when it comes to taking care of
and managing patients with musculoskeletal disorders. It focuses on the patient as a person,
particularly with regard to disability and quality of life in relation to their disorder, consider-
ing the impact that internal and external factors, including non-biomechanical ones, can have
on their status and prognosis [20, 25].

Enter psychosocial factors. Elements such as fear of movement, anxiety, depression, and self-
efficacy have been shown to play a central role in mediating and modulating the symptoms
and prognosis of these patients [25], particularly in the transition from the acute to the chronic
phase of the disorder and the resulting disability [26, 27], far more than exclusively biome-
chanical impairments such as range of movement (ROM) or muscle strength [28].

While a manual clinical practice based on musculoskeletal impairments and aimed at
improving the patient’s signs and symptoms may be useful and reasonable in the clinical
management of the patient [19], it is important to consider that any therapeutic intervention
is directed towards a person, with both explicit and implicit consequences on the individual’s
beliefs, convictions, and cognitive processes [29].

Indeed, while a manual technique can be effective in the short term, the narrative that guides
it, which the practitioner presents when framing the patient and taking care of them, can have
very significant consequences on the meaning that the patient gives and will give to their own
disorder [30].

To date, several authors have linked pain to the body’s perception of a threat/danger [31]. A
manipulative technique that is effective in reducing a patient’s lumbar pain may have signifi-
cant long-term consequences if associated with concepts related to a “repositioning” of the
intervertebral disc with respect to the nerve roots. The patient will indeed be able to convince
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themselves that they have a fragile back, with structures that could face possible neurological
damage, thereby promoting hypervigilance, anxiety, and fear of movement [32].

In addition to short-term beneficial effects, it is therefore important to consider possible
“nocebo” effects of Manual Therapy in the long term when not properly presented to the
patient [32]. It is no coincidence that manual techniques have shown insignificant results in
the long run, even when compared with nontreatment. However, if we want to change the
patient’s prognosis, we need to act on the most significant prognostic factors, which have
been shown to be psychosocial [33].

All of this has an impact not only on the individual but also on the community. This is particu-
larly the case at a time when the availability of economic resources for supporting healthcare
and personal health services is constantly subject to spending review. As a matter of fact, we
know that most of the resources are allocated to the treatment of chronic disorders.

The effectiveness and efficiency of health decision-making processes and the appropriate-
ness of the therapies proposed and supported are and will increasingly be central to social
choices [34]. However, these same considerations apply to every single practitioner, even in
the private sector. From an ethical standpoint, what are the best therapies that can be offered
to patients with musculoskeletal disorders? Which patients need complex therapies, and
when can unimodal therapies achieve satisfactory clinical results? Is there an evidence-based
approach to Manual Therapy that can allow for its full integration within a biopsychosocial
model focused on the improvement of the patient’s disability not only in the short term but
also in the medium and long term? Can the patient be involved in these issues, even if mainly
passive techniques are used? At the end of the day, what is Manual Therapy? What does it do,
and why can it be so decisive in some cases for both the patient and the practitioner? We will
try to answer all these questions in this chapter.

2. Manual Therapy: from theoretical speculations to research

Even today, most Manual Therapy approaches are based on the evaluation of biomechanical
factors that may be the cause or consequence of symptoms reported by the patient, with a
feeling of pain and reduction in function, either directly at the local and segmental level or
indirectly in neighboring regions [35].

The basic assumption entails the possibility, on the part of the healthcare worker, to be able
to identify the said dysfunctions, correlate them to the clinical picture of the patient, and
correct them by the use of palpatory analyses and therapeutic techniques that can be refined
over years of practice, thereby making the rehabilitation process increasingly efficient and
effective. In general terms, these elements are transversally present in almost all of the most
commonly suggested and used Manual Therapy methods, especially in the direct approaches
to the assessment and treatment of myofascial and articular tissues [8, 36].

Being able to fully understand and judge the scientific nature and validity of the proposed
notions can be complex, especially at the beginning of one’s personal and professional train-
ing, especially when presented by charismatic teachers with years of experience. Moreover,
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at first, the disciple can often find it difficult to manually perceive the biomechanical impair-
ments the teacher refers to.

One may intuitively think that, as with any learning process, palpation skills can be developed
and learned through training, repetition, and clinical practice, as it has been observed in the
improvement in in the two-point discrimination threshold [36]. But is this really the case from
a clinical point of view? How much can daily clinical practice improve one’s palpatory abil-
ity, with consequent clinical repercussions in the treatment of patients with musculoskeletal
pain? And how much of this progressive understanding of and expertise in patient manage-
ment depends on effective manual specialization?

The above example may be familiar to many of those who are reading this chapter. However,
many of the theoretical assumptions upon which these models are based were wrong. Indeed,
the manual assessment methods adopted in most manipulative approaches have not shown
adequate levels of validity and reliability for application in the management of patients with
musculoskeletal pain.

For instance, techniques for the assessment of the physiological intervertebral motion of
individual vertebral levels have not shown a correlation with the actual mobility assessed
by means of radiological tests [37]. As a matter of fact, vertebral levels deemed hypomobile
upon manual assessment have not shown a reduction in mobility when investigated through
dynamic MRI [38].

Moreover, the same possibility of investigating the passive physiological and accessory
mobility of a single vertebral level by means of manual assessments has been heavily criti-
cized. Indeed, the proposed techniques have been shown to produce movements on multiple
vertebral levels [17, 39]. The same assessments, even when made by experienced clinicians,
have not shown a correlation with the patient’s symptoms. Indeed, the assessors were not
able to tell subjects with pain from an asymptomatic control group [40].

The same palpatory identification of the target structures proved to be poorly reproducible,
with little agreement also as to the identification and pinpointing of anatomically evident ele-
ments such as the posterior superior and anterior superior iliac spines [30]. It is therefore not
surprising that the assessment of any hypomobility or hypermobility of the selected segments
shows low agreement values among different assessors [41, 42] and that different therapists
choose treat different joints [43].

This seems to be related to the technique used and the actual total mobility of the considered
joints [44]. As a matter of fact, it appears to be good in the assessment of the osteokinematic
mobility of large joints [45], but it is almost useless or comparable to random chance in the
assessment of joints with particularly limited mobility, such as sacroiliac joints [46]. Therefore,
the more emphasized the role of specialized manual skills in identifying possible dysfunc-
tions, the more statistically insignificant the results of these tests, even when conducted by
experienced clinicians [47].

Similar analyses have been performed as to the palpatory assessment of extra-articular soft
tissues, thereby showing that even very experienced assessors are hardly able to identify the
anatomical location of the target tissues [48], grade the muscle stiffness [49], pinpoint any
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tissue dysfunction, or tell a subject with pain from a healthy one. In some cases, even the
creators of some of the methods proved inadequate [50].

Therefore, while different training proposals involving Manual Therapy may initially seem
logical, intuitive, and fascinating, their biomechanical and tissue-related bases have often
proven to be incorrect, for instance, by failing to consider the very high prevalence of bone
asymmetries in 85% of the general population [51, 52].

The phenomenon defined as “pareidolia” seems to play a significant role when it comes to
the lack of accuracy of these theoretical models, which were conceived in, and are therefore
inevitably related to, historical periods in which the available technologies did not allow for
a thorough understanding of the body and its biomechanical properties. Pareidolia [53] is the
tendency to detect patterns and information known to the observer on the basis of random,
vague, and undefined inputs, hence the tendency to pinpoint an alteration or a dysfunction
exclusively on the basis of one’s own personal experience, be it training-related or not.

However, several cognitive biases can affect the reasoning and clinical practice of a health-
care professional, particularly in Manual Therapy [54-56]: witness anchoring, confirmation,
group biases, or the illusion of frequency. A group bias is the tendency to overestimate and
deem more competent those who belong to one’s group, such as a teacher or a colleague who
uses our same assessment and treatment method, compared to other professionals. A similar
mechanism is found in frequency bias, based on which we tend to detect factors and elements
more easily once we have spent time studying them in depth: witness the possibility of finding
an increased prevalence of positional or tissue alterations in our patients following a course
focused on these aspects, regardless of their clinical significance. Anchoring bias highlights
the tendency to focus on relatively unimportant aspects, thereby attaching central significance
to them in the overall picture. In clinical practice, witness the tendency to focus on the restora-
tion of ideal soft tissue consistency, thereby either underestimating or not considering the
lack of improvement in the pain perceived by the patient during the rehabilitation process.
On the other hand, confirmation bias refers to the tendency to irrationally focus on the first
clinical hypothesis that one may have developed with regard to a specific patient and clini-
cally research elements that confirm the said hypothesis, thereby discarding any significant
aspects that would invalidate it [54-56]. All of these elements can be related to heuristics [55],
that is, mental shortcuts that enable you to obtain quick answers even without considering
all the factors involved. While such aspects allow for faster and more efficient reasoning, in
clinical practice they can also lead to errors in the decision-making process and to a nonopti-
mal management of the patient and thus to an incorrect reading of clinical phenomena [57].
Such observations are obviously not only part of Manual Therapy but also of rehabilitation
approaches based on therapeutic exercise [58], which, when proposed in an orthodox man-
ner, can lead to a “guru-based” clinical practice in which the core of the rehabilitation process
is no longer the patient, but the method or mental scheme of the practitioner themselves.

Therefore, an ethical model of patient treatment and care cannot be separated from a thor-
ough understanding of the scientific literature, in which many of the aspects described above
have been studied and deepened, thereby giving answers to many of the questions that may
arise during daily clinical practice [34]. Only in this way is it possible to have a clinical practice
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that can improve the medium- and long-term prognosis of patients with musculoskeletal dis-
orders, thereby reducing the negative influence of cognitive bias and theoretical models.

Building upon the said assumptions, it is indeed possible to strongly support the effectiveness
of Manual Therapy in the improvement of various impairments that characterize the clinical
pictures of patients with musculoskeletal disorders, especially with respect to pain and range
of movement and with particular reference to the short and medium term, with a high level
of satisfaction on the part of the patients who receive it [19, 20].

However, the mechanisms underlying its effectiveness seem different from those considered
up to now. As a matter of fact, the clinical improvement observed as a result of manual tech-
niques does not appear to be related to a realignment of the articular heads [59], a displace-
ment of the disc tissue [60], or a structural modification of the soft tissues [61], which to date
have never been demonstrated, despite years of scientific research [60]. Fortunately, these
changes do not appear to be necessary in order to achieve a significant therapeutic effect, nor
do they appear to be related to the clinical picture of patients with musculoskeletal pain [62].

Indeed, models based on biomedical and biomechanical assumptions have been shown to
play a clinical role mostly in strictly pathoanatomical pictures and in relation to particu-
larly significant structural alterations such as the presence of severe osteoarthritis, which
are related to significant alterations in the articular surfaces where the pathognomonic data
shows a marked reduction in joint ROM [63].

Nevertheless, these elements have been shown to have limited clinical or scientific value in
the management of most musculoskeletal disorders. As a matter of fact, verifiable modifi-
cations observed in radiological investigations were present in a large part of the general
population, without showing, in the great majority of cases, a significant correlation with the
clinical picture reported by the patient [64]. This has been observed in clinical pictures related
to the axial skeleton but also to the limbs: witness patellofemoral pain syndrome [65] or shoul-
der pain [66]. Indeed, most patients with musculoskeletal pain have multifactorial disorders.
The attempt to translate the determinism typical of the biomedical model and orthopedic
medicine into musculoskeletal rehabilitation is probably at the root of the limitations of many
Manual Therapy methods, which show resistance to change in the face of the latest scientific
findings in the field of Manual Therapy and musculoskeletal pain.

Uncertainty management in medicine is one of the most debated issues in healthcare-related
clinical reasoning and can be disorienting and complex to integrate into one’s vision and
clinical practice [67]. However, once accepted, it enables one to confidently respond to various
criticalities that may arise on a daily basis: witness patients who do not adequately respond
to therapies despite the correct manipulation of specific target segments or still show symp-
toms despite a palpatory analysis that is normalized with respect to the initially identified
dysfunctions.

The very multifactorial nature of these disorders requires multifactorial treatments also
involving peripheral tissues, for example, manual techniques, which can allow for significant
improvements with respect to symptoms and thus in the quality of life of the patient, regard-
less of the search for actual anatomical changes. Fortunately, these changes, as mentioned, do
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not seem to be necessary [60]. Manual Therapy can be extremely effective in reducing pain
and improving ROM in these patients. Its effects seem to be mainly mediated by neurophysi-
ological mechanisms [68].

Several studies have described the mechanical stimulus applied through Manual Therapy
techniques as able to activate a cascade of peripheral, spinal, and supraspinal neurophysi-
ological effects related to pain modulation and ROM improvement [68]. For example, as a
result of joint tissue techniques, a reduction in the concentration of inflammation mediators
was observed [68]. The role of spinal mechanisms was suggested by the change in temporal
summation and muscle tone [69]. Finally, studies conducted using functional magnetic reso-
nance imaging have shown the activation of areas related to mechanisms leading to a down-
ward modulation of pain, such as the periaqueductal gray [69]. These scientifically proven
observations thus seem to establish a very significant correlation between the clinical efficacy
of Manual Therapy and the possibility of activating neurophysiological mechanisms linked
to the modulation of pain perception. This seems to be confirmed by studies that have shown
an inability to produce therapeutic effects in subjects with alterations of the said mechanisms,
that is, in the presence of augmented temporal summation, which is indicative of increased
dorsal horn excitability, or of a clinical state of widespread pain with a generalized reduced
pressure pain threshold, which is indicative of the presence of central sensitization with
regard to pain [69].

However, there are other aspects of Manual Therapy that are not closely linked to the mechani-
cal stimulation of the technique used and can mediate its therapeutic effect. The said aspects
are an integral part of the biopsychosocial model. As a matter fact, there is an affective and
cognitive dimension that involves the patient in the therapeutic act linked to the therapeutic
“touch” [70]. In accordance with the gate theory, in addition to a reduction of pain perception
due to tactile stimulation, touch applied in an “empathic” way has proven capable of reduc-
ing pain perception in itself and acting on the concentration of biomarkers related to stress,
negative emotions, and mechanisms related to the perception of threats. Furthermore, several
contextual and verbal communication and relationship aspects have been shown to play a
role in making a manual technique effective with regard to pain reduction. An open, positive,
and empathetic style of communication adopted by a healthcare professional capable of lis-
tening to the patient and convincingly answering their questions has indeed been associated
with greater short-term pain reduction and higher patient satisfaction [71]. The same can
be said for the patient’s possible preferences, which may be related to previous experiences
or personal beliefs. All these effects are attributable to what has been defined as “placebo
mechanisms,” not intended as a psychological response to inert therapies, but as generalized
and non-specific “psychologically and physiologically active process associated with a robust
hypoalgesic response” [72, 73]. Finally, psychosocial factors such as anxiety and fear of move-
ment or motion (kinesiophobia) and self-efficacy seem to play a very important role when it
comes to the effectiveness of a given technique or approach [74].

All these observations show that, irrespective of the criticism levelled at the most commonly
proposed clinical models, a scientific approach focused on the patient, based on Manual
Therapy and founded on the biopsychosocial model, is possible without the need to resort to
imaginative holistic or pseudoscientific theories.
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The second part of this chapter will show when and how it is possible to adopt the said
approach in the most common clinical pictures that can be dealt with in clinical practice.

3. Manual Therapy: from research to clinical practice

3.1. Joint manual therapy

As described, Manual Therapy techniques targeting joint or extra-articular soft tissue can
be very effective in relieving pain and improving ROM in individuals with musculoskeletal
disorders, both in the spine and in the limbs [21].

Joint techniques can be divided into mobilization and manipulation techniques [75]. Joint
mobilization has been defined as “a Manual Therapy technique comprising a continuum of
skilled passive movements involving the joint complex that are applied at varying speeds
and amplitudes, which may include a small-amplitude/high velocity therapeutic movement
[manipulation] with the intent to restore optimal motion and function and/or reduce pain.”
Joint manipulations have been defined as “passive, high velocity, low amplitude thrusts
applied to ajoint complex within its anatomical limit with the intent to restore optimal motion
and function and/or reduce pain” [75].

In studies conducted on standardized populations of subjects with musculoskeletal pain, no
manual technique could be shown to be more effective than the other. Research has shown an
overlap in the therapeutic effectiveness of different techniques, be it among different types of
joint mobilization techniques [76, 77] and different kinds of vertebral manipulation techniques
[78] or mobilization and manipulation techniques [79]. These results have been mainly observed
in non-specific spinal pain but also when comparing different techniques targeted towards
peripheral joints, that is, in subjects with knee osteoarthritis [80]. Similarly, research comparing
joint techniques with soft tissue techniques has shown similar clinical results [81, 82].

3.2. Myofascial Manual Therapy

Several manual techniques have been proposed for the treatment of soft tissues, from more
intense manual approaches following methods that seek the elicitation of significant pain in
the patient during their application [8] to painless techniques seeking the elimination of symp-
toms by using positionings and maneuvers primarily aimed at shortening the tissues [83].

Again, manual techniques have been shown to alleviate pain and improve ROM [84].
Likewise, no one technique can be said to be superior to another, either among different
Manual Therapy techniques or between manual techniques and the use of instruments such
as dry needling or instrument-assisted soft tissue manipulation (IASTM) [84, 85].

3.3. Which technique to choose? successful predictors in joint Manual Therapy

According to most Manual Therapy methods, the likelihood of therapeutic success in patients
with spinal pain strictly depends on the identification of the dysfunctional vertebral level; the
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appropriate “corrective” technique, which is to be targeted towards the intended segment
using the correct parameters of direction, is thus to be applied with the correct direction,
intensity, and duration parameters with respect to the stimulus [10].

However, the need for specific therapeutic techniques is not supported by the literature. As
already seen in this chapter, manual and palpatory assessment methods have been found
to be ineffective and unreliable. Experienced assessors taking part in a blind study showed
agreement levels equal, if not inferior, to random chance in the identification of the tissues
to be treated [43]. These same models did not prove valid even with regard to the proposed
therapeutic techniques. Indeed, sacroiliac [15], lumbar [15, 86], thoracic [86], and cervical [87]
manipulation techniques have been shown to produce clinical and biomechanical effects on
different vertebral levels, which are therefore not specific to the target segment and lead the
practitioner to produce unpredictable vertebral movements [88]. This data is confirmed by
clinical studies that have shown an overlap between the therapeutic effect of manipulations
theoretically directed at a single vertebral level and “global” manipulation techniques involv-
ing the lumbar spine of subjects with low back pain [89].

Nevertheless, in clinical practice, very different clinical responses are commonly observed in
different patients as a result of the application of the same technique. In the last 20 years,
several studies have tried to identify the clinical elements present at the baseline that could
indicate the best therapeutic solution for each specific patient [90]. In particular, the so-called
clinical prediction rules (CPRs) [91] have been studied and developed for the issues referred
to in this chapter, also with reference to manipulative treatment in patients with lumbar [92],
cervical [93], and shoulder pain [94], among others. Despite promising initial studies, these
rules have not proven to be good enough for application in clinical practice. In particular,
evidence has shown that, upon modification of the statistical value considered as the indicator
of “therapeutic success” [whether it be pain reduction or improvement of the disability, either
in proportional or absolute terms], these rules also change in a very significant way [95]. In
addition, subjects positively responding to CPRs with respect to lumbar manipulative treat-
ment were found to be equally responsive to joint mobilization techniques [96] and McKenzie
exercises [97]. In essence, a positive response to these rules proved able to generally predict a
positive prognosis following a rehabilitation program, regardless of the proposed therapy [98].

3.4. Pain mechanisms

The presence of similar therapeutic effectiveness following treatment approaches that are
sometimes in direct opposition to each other [8, 83] both in their theoretical bases and in
their clinical application is a further element supporting the poor biomechanical validity of
these techniques and the predominant role of neurophysiological factors in their effective-
ness. Neurophysiological elements have proven to be fundamental in determining the clinical
picture of the patient and mediating the effectiveness of techniques targeting peripheral tis-
sues [68].

As a matter of fact, Manual Therapy has been shown to be more effective in the presence of
mechanical pain, which is by definition elicited during the execution of specific movements
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and refers to clinical pictures of peripheral nociceptive pain [69]. Clinically speaking, this kind
of pain is a typical feature of patients experiencing sudden problems, such as subjects with
acute lumbar block following a poorly controlled movement. On the contrary, patients with
constant, general pain present even at rest, which is indicative of central sensitization, have
shown little response to manual treatments [69]. This aspect seems to play an important role
with regard to the low effectiveness of manual techniques in subjects with chronic pain, such
as patients diagnosed with fibromyalgia syndrome.

3.5. Manual techniques as modulator of peripheral afferences

When it comes to the treatment of musculoskeletal pain, Manual Therapy thus seems to be
able to significantly modulate the nociceptive afferences of peripheral tissues, regardless of
their structural specificity. Based on this, the literature seems to support a patient-centered
clinical practice focused on the mechanisms of pain and musculoskeletal impairment that
characterize it based on the reactivity of the clinical picture.

3.6. Pain as a cause of limited ROM and mobility

While no manual approach is superior to the others, the literature itself supports the use of
techniques tailored to each individual patient, modulating the force applied during the tech-
nique (from low to high), the duration (from short to long), and the prepositioning of the tis-
sues (from relaxed to pretensioned) and acting either within or away from the resistance [75].

In patients (defined by Maitland as “pain dominant”) with a clinical picture characterized by
severe, often nocturnal pain significantly limiting ROM, applying intense techniques will be
difficult and unreasonable. It may therefore be very useful to use painless techniques, far from
the tissue barrier and symptom elicitation, which have been shown to alleviate pain, but not
to improve the patient’s ROM [99]. Witness patients suffering from phase II frozen shoulder
or symptomatic disc herniation [100, 101]. On the contrary, or progressively upon decrease
in pain, patients with joint limitations and mild/moderate pain elicitable at the end of the
joint range (whom Maitland defines as “stiffness dominant”) will benefit from more intense,
longer-lasting techniques carried out at the end of the joint range, possibly with the reproduc-
tion of a symptomatology during application, which have proven capable of improving both
pain and ROM in these patients [102, 103]: phase III frozen shoulder or osteoarthritis clinical
pictures can be considered as emblematic examples [100, 104].

3.7. Pain as a strength limiter

While biomechanical elements such as an increased mechanical extensibility of the joint cap-
sule cannot be completely ruled out, improvements in functional impairments such as ROM
would seem to be linked to the ability of manual techniques to modulate peripheral nocicep-
tive afferences, thereby acting on all related clinical phenomena [105].

This would seem to be confirmed by the possibility of obtaining a short-term improvement
in muscle strength following techniques specifically targeted towards soft tissues in patients
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with musculoskeletal pain [106, 107]. These observations have led several authors to support
the usefulness of manual techniques also in the field of well-being and physical training, with
the aim of achieving greater physical functionality. However, studies carried out on healthy
subjects or in the absence of peripheral impairments have contradicted this hypothesis by not
showing the same benefits in mobility, strength, and functionality found in patients suffering
from musculoskeletal disorders [108, 109]. The link between pain and muscle strength, and
the possibility that these may be modulated by manual techniques, can nonetheless be of par-
ticular clinical interest. Indeed, studies included in the literature have shown the possibility of
identifying soft tissue impairments, even within non-specific frameworks, through active and
resistance tests, especially when the said active and resistance tests are painful and recreate
the symptoms typical of the patient [110]. For example, a dry needling treatment targeted
towards multifidus muscle has been observed to be more effective if the patients reported
pain while recruiting that muscle [110].

3.8. Patient-centered and impairment-based Manual Therapy

These observations hint at the clinical value of a Manual Therapy clinical practice that is
evidence-based as well as focused on the patient and the impairment that can characterize
both them and their daily life.

Joint and soft tissue techniques can therefore focus on and be guided by:

¢ Pain

o High reactivity/low reactivity
¢ ROM limitation

o Osteokinematics
* Soft tissue dysfunctions

o Active/resistance tests

3.9. Treatment of function

The aspects described so far mainly refer to techniques directed at the anatomical regions
responsible for the clinical picture of the patient. However, in accordance with a Manual
Therapy model based on the improvement of the patient’s function, Manual Therapy tech-
niques can be useful in improving all the musculoskeletal impairments that can biomechani-
cally and neurophysiologically contribute to the patient’'s symptoms and daily limitations
[35]. For instance, sedentary patients with lower back pain may benefit from the treatment
of any limitations present at hip level, which due to phenomena related to referred pain and
afferent convergence may support pain perception [111-113].

These aspects can play an even more significant role in subjects with high functional require-
ments such as professional athletes, where the correct functionality of all the structures
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participating in a specific movement will be clinically central in enabling their being able
to perform at high levels. A typical example is the clinical relevance of a limitation in ankle
dorsiflexion in a volleyball player with patellofemoral pain syndrome [114].

3.10. Short-term benefits

The advantages and limitations of Manual Therapy should be known in order to apply it in
the best possible way. We know that the clinical effects that can be obtained in the treatment of
musculoskeletal disorders tend to diminish over time after the end of the treatment, thereby
often overlapping with the natural history of the disorder in the long term. This aspect is
often highlighted by the opponents of manual techniques, who attribute many of the benefits
observed in clinical practice to the benign and self-limiting nature of musculoskeletal disor-
ders [115].

While these observations can be statistically accurate, it is important not to underestimate
the role that an immediate modification of the symptom can play in the patient’s need for
help [116]. Going back to professional athletes and their need for help, a rapid decrease in
symptoms can enable one to resume sports activities just in time to take part in a cup final.
The ability to use manual techniques in order to obtain benefits in the short term compared to
mere therapeutic exercise will thus have a major impact on their daily activities and quality of
life [117]. Similarly, we know that clinical pictures of symptomatic disc hernias have in most
cases a positive prognosis within 3-6 months [118]. However, this data does not take into
account the impact that a disorder of this type can have in the daily life of the patient in that
period of time and the potential benefits of therapeutic techniques that have been shown to be
able to significantly modify pain symptoms already in the first month [101]. Finally, symptom
modification can play a very important educational role by enabling patients to realize that
they are not the bearers of an incurable and unchangeable disorder, thereby acting on psycho-
social factors that play an important prognostic role in the chronicity of the symptom [116].

3.11. Psychosocial clinical factors in Manual Therapy

As written above, the presence of biomechanical and functional impairment can be very
important in guiding the choice of the therapeutic technique to be used. However, non-bio-
mechanical elements such as psychosocial factors can also mediate the clinical results that can
be obtained through Manual Therapy techniques.

In a standardized population of subjects with chronic neck pain, mobilization and joint
manipulation techniques have shown to alleviate pain and improve ROM without statisti-
cally significant differences among the proposed techniques [76]. However, some elements
present at the baseline, such as anxiety levels, were found to be associated with a different
response to each technique [74]. As a matter of fact, patients with low anxiety levels showed
more significant improvements following vertebral manipulation techniques, while more
anxious subjects reported a greater reduction in pain when subjected to joint mobilization
techniques. The psychosocial sphere can thus also be very important in the choice of the thera-
peutic method capable of producing the best clinical results, even in the short term.
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3.12. The three EBP pillars

It is important to remember that evidence-based practice is based on three pillars: the prefer-
ences, needs and expectations of the patient, the expertise of the practitioner, and the available
authoritative literature [11]. All these elements must be taken into account in the decision-
making process. Their role is particularly significant in making clinical decisions with a risk
of serious adverse events, such as choosing whether or not to perform risky heart surgery.
However, they are also relevant in musculoskeletal rehabilitation and Manual Therapy.

Patient preferences have been shown to modulate the response to a specific treatment. For
example, in the aforementioned study, the clinical response that could be obtained following
vertebral manipulation techniques was also mediated by the opinion that the patients had of
the proposed techniques [74]. Placebo mechanisms involving a descending inhibition of pain
linked to expectation also seem to play a role in modulating the effectiveness of the techniques
used based on the patient’s preferences [119]. Useful information can thus be obtained from
the patient’s medical history. People who report having had negative results following soft
tissue therapies and having responded very positively to manipulative techniques are likely
to respond better to the latter. Clearly, the possible failure of a given therapeutic approach can
be linked to purely clinical aspects, such as an incorrect classification of the patient. Subjects
with pelvic pain may not respond to lumbar treatment techniques if the practitioner does
not identify possible hip arthrosis as the real cause of the problem [113]. However, the infor-
mation provided by the patient will play an important role by leading the practitioner to
consider different evaluation and treatment hypotheses.

A second pillar of evidence-based practice involves the practitioner’s expertise and clinical
competence. Also in this case, the possibility of modulating clinical effectiveness may be due
to exclusively clinical or non-biomechanical aspects. The literature has shown that, in apply-
ing the same technique, the physiotherapist’s beliefs about the effectiveness of that specific
technique were able to lead to different clinical responses in the patient [120]. This may be
due once again to the expectations that, either explicitly or implicitly, the practitioner can give
the patient when proposing and applying the said technique. In addition, the very mastery
and confidence shown in the execution and application of the technique can convey the feel-
ing of being in “good hands,” reduce the sense of threat, and activate central pain-inhibiting
mechanisms [70].

Finally, even though the overlap in the clinical effectiveness of different Manual Therapy
techniques has been pointed out several times, this entails basic competence in the applica-
tion of these techniques. When the practitioner is not trained to perform a given technique,
or does not have adequate clinical experience, they may have trouble in identifying the cor-
rect landmarks, in particular on small joints, or determining the adequate posology, thereby
producing either no results at all or even harmful consequences.

3.13. Adverse events

As a matter of fact, clinical practice in Manual Therapy is to be based on advanced knowledge
enabling, first and foremost, the identification of patients who do not fall within the scope of
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rehabilitation and are to be referred to a physician or who may present contraindications to
manual practice [121].

There is a wide debate in the literature on the dangers of manual techniques, particularly
with regard to possible vascular or nerve damage as a result of cervical manipulation. These
events seem to be mainly related to inadequate background checks as to the patient’s medical
history and ultimately to the failure to spot red flag factors [122]. In particular, ongoing cervi-
cal vascular disorders may initially arise only with symptoms related to the cervical level,
thereby mimicking the presence of musculoskeletal disorders. An early identification of these
clinical pictures can enable the practitioner to immediately refer the patient to a more suitable
clinical management, avoiding the use of treatment techniques whose role will then have to
be investigated in the medical-legal field [123]. However, it is worth remembering that there
is no completely safe medical and rehabilitation procedure. Indeed, studies have described
adverse events even following therapeutic massage sessions [124].

The ability to recognize the appropriateness of any technique with regard to the individual
patient will lead to the choice of the most appropriate type of intervention and its modulation,
particularly in populations of patients with a higher risk of adverse events, such as pediat-
ric or geriatric patients [125], without having to apply the dictates supported by a specific
Manual Therapy training method.

4. Conclusion

Manual Therapy is an extremely effective therapeutic method in the management of patients
with pain and musculoskeletal disorders. Like any other therapeutic method, it has its pros
but also its cons and drawbacks. Its effectiveness, as described above, is based on the ability
to modify the functionality, albeit not the anatomy, of the patient’s tissues by means of mainly
neurophysiological mechanisms [69].

Therefore, an appropriate and effective clinical practice can only be based on the correct clas-
sification of the patient, identifying first of all those clinical pictures, including musculoskel-
etal ones, which, according to the scientific literature, are not suitable for Manual Therapy,
thereby orienting the patient towards a medical, pharmacological [126], or surgical approach
[127], or a conservative program based on therapeutic exercise [128], or simply a “wait and
see” strategy. Indeed, only by acknowledging the limits of Manual Therapy is it possible to
strongly affirm its great merits and potential for alleviating the patient’s pain and improv-
ing their functionality in the short, medium, and long term [19, 20]. This will involve the
great majority of patients with musculoskeletal pain, whose clinical picture is characterized
by functional impairment, in particular reduction of ROM and peripheral hyperalgesia, with
particular regard to soft tissues. In this respect, Manual Therapy is able to have a very positive
effect, leading to rapid and significant improvements when properly applied in accordance
with the specific clinical picture and the individual patient.

While there is no such thing as a superior Manual Therapy method, being free from the dog-
mas of a specific therapeutic approach allows for a truly patient-oriented clinical practice
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focused on the patient and their needs, choosing the most appropriate technique and modu-
lating it from time to time on the basis of the clinical picture of that individual patient. This
ability to provide a clinical framework and subsequently manage the manual approach pro-
posed to the patient is what defines the role and real competence of healthcare professionals
specializing in manual and manipulative therapy, with an approach strongly based on the
biopsychosocial model.

While the current main limitation of Manual Therapy is the production of predominantly
short-term responses, these observations are primarily based on studies that have investi-
gated the effectiveness of individual techniques. However, we know that the therapeutic rela-
tionship in clinical practice is also made up of other things, such as the therapeutic alliance
between practitioner and patient, understood as a person [70].

For this reason, a healthcare professional trained in Manual Therapy according to an evi-
dence-based approach can produce results even in the long term by exploiting the immedi-
ate reduction of the symptom and the rapid improvement of the functionality as a bridge
to reduce the fear of movement and the related anxiety in the patient and stimulate an
active coping towards their disorder [116], thereby making them gain confidence in their
ability to perform “thoughtless, fearless movement” [129] through an especially active
rehabilitation process.

Only in this way can the professional improve their practice for the good of the patient, act-
ing according to science and conscience and reaffirming the central role of their professional
figure in the management of musculoskeletal disorders.
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