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♠ Abstract ♠ 
Title 

Interdisciplinary rehabilitation, with its focus on physiotherapeutic and alternative techniques, 

as symptomatic therapy, and its effect on quality of life of multiple sclerosis patients: a 

literature review  

 

Background 

Multiple sclerosis (MS) is an autoimmune anti-inflammatory demyelinating disease that gives 

rise to multiple symptoms, which affect the patient's quality of life (QoL). Up to date, a cure 

does not exist, yet recent research with the use of mesenchymal and haematopoetic stem cells 

is promising. The first line of treatment is pharmacological management of the auto-immune 

response, followed by the management of the symptoms. That is why a comprehensive inter-

disciplinary management is required with different interventions and techniques to provide 

more personalised care. Moreover, due to the unpredictable and progressive nature of the 

disease, the prevalence of MS patients seeking complementary and alternative therapies 

(CAM) has increased, specifically in the form of acupuncture and Qigong. 

 

Aim 

The purpose of this thesis is to outline and integrate the different methods and techniques that 

could be used within a comprehensive team, with the integration of acupuncture and Qigong 

towards the management of MS. With the main goal of achieving the most realistic and 

achievable QoL that a patient can acquire.  

 

Method 

This thesis is a literature review, reviewing books, journals and articles collected from the 

period of autumn 2011 to the spring of 2013. The sources collected are from databases 

(PubMed, Cochrane library and ScienceDirect), relevant journals with an impact factor higher 

than one and further from the references of reviewed sources.  

 

Results 

During the course of the research a variety of techniques and strategies were uncovered; that 

could be used within a comprehensive team to manage the variety of MS symptoms. Along 

with providing immune-mediated changes for the disease.  

 

Conclusion 

A comprehensive inter-disciplinary team which is focused on patient centered approach 

results in managing the difficulties MS patients encounter and improve their QoL. 

 

Keywords 

Multiple sclerosis (MS), interdisciplinary rehabilitation, complementary and alternative 

therapy (CAM), Quality of life (QoL).  

 



 
 

♠ SHRNUTÍ ♠ 

Název práce 

Interdisciplinární rehabilitace se zaměřením na fyzioterapeutické a alternativní techniky jako 

symptomatická léčba a její efekt na kvalitu života u pacientů s roztroušenou sklerózou: 

vyhodnocení údajů z literatury 

 

Kontext 

Roztroušená skleróza (RS) je autoimunitní, protizánětlivé demyelinizační onemocnění 

projevující se četnými symptomy, které ovlivňují kvalitu života (KŽ) pacientů. Dosud 

neexistuje žádná léčba tohoto onemocnění, i když nedávné výzkumy s použitím 

mezenchymálních a krvetvorných kmenových buněk se ukazují jako slibné. První linie léčby 

je farmakologická léčba autoimunitní odpovědi, po níž následuje symptomatická léčba. Proto 

je nezbytný komplexní interdisciplinární přístup s různými intervencemi a technikami, které 

poskytují personalizovanější péči. Vzhledem k nepředvídatelné a progresivní povaze nemoci 

lze navíc pozorovat zvýšený počet pacientů hledajících doplňkovou a alternativní léčbu, 

konkrétně pak akupunkturu a Qi Gong. 

 

Cíl 

Cílem této dizertační práce je podat přehled a integrovat různé metody a techniky, které lze 

použít v komplexním týmu, při integraci akupunktury a cvičení Qi Gong v léčbě RS. Hlavním 

cílem přitom je získat maximálně realistickou a dosažitelnou kvalitu života, kterou lze u 

pacientů s tímto onemocněním dosáhnout. 

 

Metoda 

Dizertační práce představuje vyhodnocení literatury, knih, časopisů a článků shromážděných 

od podzimu 2011 do jara 2013. Zdroje, ze kterých bylo čerpáno, představují databáze 

(PubMed, Cochranova knihovna a ScienceDirect), příslušné časopisy s impact faktorem 

vyšším než 1 a další zdroje ze seznamů literatury vyhodnocovaných zdrojů. 

 

Výsledky 

Během výzkumu byla odhalena celá škála technik a strategií, které by se mohly 

v komplexním týmu použít k léčbě různých symptomů RS, a to spolu se zprostředkovanými 

imunitními změnami choroby. 

 

Závěr: 

Komplexní interdisciplinární tým, který se soustřeďuje na přístup zaměřený na pacienta, má 

za následek léčbu potíží, se kterými se pacienti s RS setkávají a zlepšuje jejich kvalitu života. 

 

Klíčová slova: 
Roztroušená skleróza (RS), interdisciplinární rehabilitace, doplňková a alternativní léčba, 

kvalita života (KŽ) 
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1 Introduction 

      As we are expanding towards a new era in medical care, where breakthroughs are 

occurring due to analytical approaches within the medical community resulting in further 

specialisations; a significant approach of comprehensive patient care is becoming hard to 

grasp. 

      During my working experience as a physiotherapist, I have noticed the lack of 

interdisciplinary practice, which was what was so often needed in patients with chronic, 

degenerative and progressive diseases (i.e., those that required intensive or long-term 

rehabilitation). Yet I was realistic about these changes occurring. That is to say, up to the 

point when a person of significance in my life told me of her diagnosis of multiple sclerosis 

(MS). 

      This was the time when I started performing personal research towards this specific 

disease. What I have concluded is that up to date, the underlying mechanisms of MS are 

greatly understood, starting as simply as its etiology, epidemiology, patho-physiology, neuro-

immunology, neuroendocrienology, and yet a cure still has not been found. The main 

intervention are pharmacological means to control the immune-inflammatory responses and 

management of symptoms, and secondly rehabilitation (Noseworthy, Miller, & Compston, 

2005). 

      What is more devastating, is as mentioned above, with all these scientific backgrounds 

and interventions, the medical community is becoming further isolated into specific 

specialities, that it becomes very easy to forgot that the end goal for all are the same. That is 

for the patient to be rehabilitated in order to have the most realistic yet highest quality of life 

(QoL) that can be attained.  

      This is where the inspiration for the choice of my thesis topic came into mind. The 

purpose of my original research was to explore possibilities where all areas of an MS patient's 

life was addressed to allow the patient themselves lead their life with the highest level of QoL 

as possible. I discovered that these possibilities may in fact be realistic and attainable through 

the use of an interdisciplinary approach symptomatically in MS, with the use of 

physiotherapeutic techniques and stem cell research. Most importantly I wished to focus on 

alternative and complementary techniques in light of the increasing demand for its use 

(Nayak, 2003). However, to find a compiled so called manual to address all of these aspects 

was almost impossible to find.  

      Thus I have decided to compile a detailed review to combine all these possibilities of 

management, to discuss and describe the mechanisms of action they work through specifically 

towards MS, and demonstrate if these chosen therapies might have an impact towards an 

outcome measure of QoL of patients diagnosed with MS. What encouraged me or even 

confirmed my topic selection was how common the diagnosis of MS is; a fact that I was 

previously ignorant to. This manual would allow health professionals such as myself and 

many others to easily access the latest information within the combination of therapies I have 

chosen to write about. This work may even be used to detect areas that are niche, and in 

further need for future research, especially towards the disease of MS.  
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      The review will be based on recent western scientific evidence-based research, which has 

increased significantly in recent years, while producing rewarding and favourable results in 

regards to rehabilitation in MS.  
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2 Objectives and research method  

      This thesis is an extensive literature review; which entails a selection of available 

documents (both published and unpublished) on topics which contain information, ideas, data 

and evidence written from a particular standpoint. Thus the purpose of a review is to fulfill 

certain aims or express certain views, on the nature of the research being proposed (Fink, 

2010). Sources are either in the primary or secondary forms. The first is collected first hand 

from such sources as historical documents, and the latter is information gathered by 

researchers (Fink, 2010).  

 

Investigative questions: 

1) What can be done to rehabilitative MS patients symptomatically within an 

interdisciplinary rehabilitation team; is there any effect o the QoL? 

2) What are scientifically proven rehabilitative techniques that are used by 

physiotherapists? What is their underlying MOA that could influence the course and 

symptoms of the disease, thus influencing the QoL of patients diagnosed with MS? 

3) What are the MAO of acupuncture and Qigong on the symptoms of MS? How do they 

influence the QoL of MS patients? 

 

Aim of thesis: 

      The purpose of this particular review is integration of sources to either support or 

undermine the proposed hypothesis. This document could be used in the future as a 

preparatory work motivating future research. All data used and collected were done from 

autumn 2011 to the spring of 2013. 

 

Hypothesis: 

      A comprehensive inter-disciplinary rehabilitation is the optimal method towards the 

achievement of the highest QoL for patients with MS. Acupuncture and Qigong therapy, if 

included in the comprehensive care will further provide an improvement of patient QoL. 
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Methodology 

Research criteria for data collection and analysis: 

 

Articles: 

      The articles were gathered from PubMed, Cochrane library and ScienceDirect databases 

to develop the search strategy with the keywords listed below. In addition, articles were also 

gathered from relevant journals, using the same keywords listed below. Lastly, relevant 

references from these mentioned articles have been used to obtain more specific articles.  

Multiple Sclerosis, Rehabilitation, Symptomtic therapy, Interdisciplinary team, Alternative 

Therapy, Acupuncture, Qigong therapy, Physiotherapy, Techniques and interventions. 

Different combinations of all these terms were used to source the articles.  

      Clinical trials, systematic reviews and pilot studies used were from 1980 to date; this 

decision was based on the fact that British, Australian, American, European and international 

societies and associations of physical medicine and rehabilitation were established from 1984, 

1991, 2009, 2001 and 1999 respectively. Furthermore, the bloom of research in this area has 

risen exponentially since 2000 (Grimby, 2006). Articles originally or translated to English and 

French were used.  

 

Books: 

The website Amazon.uk was used to search for books using the keywords: rehabilitation in 

MS, neurological rehabilitation, alternative therapies in neurology, Qigong and MS, 

acupuncture and MS.  

 

Other sources: 

The Consensus paper IV; European-wide recommendations on rehabilitation for people 

affected by MS; Information gathered from the Multiple Sclerosis International federation; 

information from national and local MS societies as seen fit in the thesis. Lastly, information 

from validated medical bulletins were also used.     
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Method of thesis structure 

      The following thesis is compromised of a front page, an abstract (both in English and 

Czech languages), sections of declaration, dedication and acknowledgment, and finally a table 

of content, which is followed by a list of tables, figures and abbreviations.  

      The first section of the thesis starts with an introduction (1), and this is followed by the 

section which outlines the objectives and research methods used (2). This is followed by the 

results, but in this overview, results are split into 5 themes (sections 3-7) for simplicity of 

explanation; a short summary of what will be discussed under each theme is described below. 

Finally, the review will end with findings (8) and conclusion (9). An appendix and a list of 

literature are found at the end.  

The results 

Theme 1/section 3: Multiple sclerosis 

Will contain information regarding MS with a description of patho-physiology, immunology, 

mechanisms of relapse and remissions and clinical manifestations. These will be needed for 

the mechanisms of treatment in the basis of any neuro-physiological approaches.  

 

Theme 2/section 4: Multi/interdisciplinary rehabilitation in MS 

Description of rehabilitation as a comprehensive care will be viewed, with an inclusion of the 

international classification of function (IFC). This will be followed by multi-disciplinary and 

interdisciplinary rehabilitation in relation to MS symptomatically. The impact of the 

rehabilitation towards the patient's QoL will be viewed.  

 

Theme 3/section 5: Physiotherapy techniques used in MS   

This theme gives an explanation of the physiotherapeutic rehabilitation and review 

mechanisms and basic principles underlining different therapeutic techniques and their 

influence on symptoms and QoL of MS patients.  

 

Theme 4/section 6: Traditional Chinese medicine use in MS 

Covers the two main pillars of the overall four pillars of Traditional Chinese Medicine, and 

those are acupuncture and Qigong. This theme introduces both principles and the theory of 

their use (according to both eastern and western views), and specify them towards MS, using 

the most recent scientific evidence. The outcome measure of QoL will also be discussed in 

regards to the use of these therapies in MS patients.  

 

Theme 5/section 7:future of neuro-rehabilitation in MS 

Neuro-plasticity and the use of Mesenchymal and haematopoietic stem cells will be discussed 

in this section, due to its relevance towards the future of neuro-rehabilitation in MS.  
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3 Multiple Sclerosis (MS) 

3.1 Introduction  

      Multiple Sclerosis (MS) is the major cause of neurological disability in young and middle 

aged adults. It is known to be a demyelinating disease; having the immune mediated 

destruction of myelin as the primary pathological finding, with relative sparing of other 

elements of the central nervous system (CNS) tissue (Stokes & Stack, 2011).  

      For neurologists, it is a disorder of young adults diagnosed on the basis of clinical 

evidence of at least 2 demyelinating lesions affecting different sites within the brain and/or 

the spinal cord separated in time. For pathologists, it is a disorder of the CNS manifesting in 

an acute focal inflammatory demyelination and axonal loss with limited remyelination, 

leading to a chronic multifocal sclerotic plaque from which the disease gets its name 

(Confavreux, et al., 2006). 

      For a physiologist, it is a condition in which the disease processes produce a remarkable 

array of abnormalities in electrical conduction. For a clinical scientist, it's a prototype chronic 

inflammatory disease of the CNS in which knowledge gained across a range of basic and 

clinical neuroscience disciplines has already allowed rational, if not fully effective strategies 

for treatment. For Physiotherapists, it remains a neurological condition for symptomatic 

therapy (Confavreux, et al., 2006). 

      But for all disciplines in medicine, MS remains a difficult disease for which a solution for 

a cure seems attainable but stubbornly elusive. 

3.2 Etiology and epidemiology 

      Approximately 1 in 10,000 people develop MS in their late 20's and two thirds are 

woman. It is more common amongst people of north European heritage and is seen most in 

people who live in high latitudes during childhood (Joy & Johnson, 2001). 

      In equatorial regions, the disease is rare, with a prevalence of less than 1 per 100,000, 

whereas in the temperate climates of northern Europe and North America these figures 

increase to about 120 per 100 000 and in some areas as high as 200 per 100 000. In the United 

Kingdom (UK) the prevalence is about 80 000, affecting approx 120 in every 100,000 of the 

population (O'brien, 1987). Figure 1 shows MS distribution map. 

      MS patients possess one of the ranges of genotypes that present susceptibility that 

different genotypes are associated with different phenotypes, and that about one third of those 

susceptible will develop the diseases while the remaining two thirds won't. Either because 

they possess inhibitory or protective genes or because they do not come into contact with the 

necessary triggering factors in their internal and external environment (Cook, 2006). 

 

      The etiology for MS is unknown but it is believed to involve three factors (Rizvi & 

Patricia, 2011): 

1) The host immune system  
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2) Unidentified environmental exposures which occur at critical time points. For example 

vitamin D deficiency or an infection with Esptein Barr Virus (EBV)  

3) Genetic vulnerability; between 10-15% of people with MS have an affected relative, 

while the highest rate for identical twins is 30%. Non-identical twins and siblings that 

are affected are 3-5% and children of people with MS affected account for 0.5% 

(Ebers, Bulman, & Sodovnich, 1986). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 1: MS distribution map (O'brien, 1987)  
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3.3 Pathophysiology of MS 

Pathophysiology of MS 

      MS lesions can arise anywhere in the CNS but they show predilection for the optic nerve, 

spinal cord, brain stem and periventricular white matter. Furthermore the subpial grey matter 

is also very venerable to demyelination (Stadelmann, Wegner, & Bruck, 2011). Figure 2 

shows a clinical picture and a magnetic resonance image (MRI) of a lesion in the white 

matter. Figure 3 shows an MRI of lesions in different regions of the CNS.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: (A), (B) shows an attemp to maintain posture 

with the eyes closed, the fingers develop 

'pseudoatherosis' and the effected arm moves towards 

the opposite axilla. (C) shows an MRI of a cerbral white 

matter abnormaility (arrow) (Confavreux, et al., 2006) 

Figure 3: Cranial MRI, (A) a single T2- weighted 

periventricular lesion, (B) a lesion in the hippcocampus, 

(C) Multiple spinal cord lesions (Confavreux, et al., 2006) 
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      For a better understanding, table 1 and 2 show the pathophysiology of negative symptoms 

(those that arise as a result of loss of function) and positive symptoms (those that arise due to 

alteration of function).  

      Moreover, due to the nature of the thesis, pathophysiology in MS was explained briefly, 

and therefore for a detailed explanation, the reader is referred to 'McAlpine's Multiple 

Sclerosis, 4
th

 edition' by A. Compston et al.  

 

 

 

 

      Table  1: pathophysiology of negative symptoms in MS (Smith & McDonald, 1999) 

 

*Safety factor of conduction is the current necessary to depolarise a node to its firing 

threshold in relation to the current necessary for the depolarisation. 

 

 

 

 

 

Negative symptoms  

The effect of demyelination  

is due to the accumulation of T lymphocytes, and results in loss of the salutatory 

conduction, resulting in conduction block (a response to safety factors of 

conduction*). Temperature for example is a safety factor that further triggers 

conduction block and exacerbates MS symptoms (Smith & McDonald, 1999).  

 

The effect of inflammation  

An acute lesion consists of marked inflammatory responses such as infiltrations of 

mononuclear cells and lymphocytes (Lucchintetti, Bruek, & Rodriguez, 1996). In MS, 

the result is the destruction of the myelin and degeneration of oligodendrocytes with 

relative sparing of the neuron and axon. If however the axonal integrity is damaged 

due to this process, it's the most important determinant of the residual damage and 

disability of the patient (Trapp, Peterson, & Ransohoff, 1998).  

 

In chronic lesions, post-inflammatory cytokines such as tumor necrosis factor- alpha 

(TNF- α) and interferon- gamma (IFN-γ) stimulate the production of enzymes nitric 

oxide synthase, which produces nitrogen dioxide (NO2) in high amounts. NO2 is then 

found in MS demyelinated axons and result in conduction block (Rizvi & Patricia, 

2011). 

 

Microglial phagocyte infiltration, astrocyte proliferation and synthesis of fibrous 

tissue post inflammation results in decreasing the chance of recovery of the 

demyelinated axons (Stokes & Stack, 2011).  
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Table  2: pathophysiology of positive symptoms in MS (Smith & McDonald, 1999) 

Positive symptoms  

Persistant parasthesia 

Newly demyelinated axons generate a continuous and bursting pattern of activity for 

hours in the absence of stimuli. When this activity is interpreted by the CNS, it is 

referred to as parasthesia to the areas that are innervated by these axons (Smith & 

McDonald, 1999).  

 

Triggered sensation  

This phenomenon is triggered by the propagation of normal impulses going through a 

site of demyelination (Smith & McDonald, 1999). 

 

Movement induced sensation 

It's due to the presence of sensation upon a body movement expected to distort 

portions of the nervous system containing the demyelinated axons. For example, a 

presence of a demyelinating lesion affecting the sensory axons in the cervical 

posterior column results in the flexion of the neck, leading to a positive Lhermitte's 

sign (Smith & McDonald, 1999). 

 

Pain  

Central painful sensation results from ectopic impulses generated from A-delta and C 

nerve fibers (Smith & McDonald, 1999). More information on Pain is found in 

section 4.2. 
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3.4 Immunology of MS 

      The immunologic aspects of MS are complex. Cellular immunology is focused because of 

the infiltration of T cells in the perivascular spaces and the surrounding parenchyma of the 

brain. The specific immunopathology of MS needs to be characterised. The current 

understanding of the inflammatory response suggests that basic mechanisms are important, 

including cell adhesion allowing the infiltration of lymphocytes and mononuclear cells into 

the CNS as well as the generation of potentially damaging cytokines and toxic molecules 

within the white matter. The potential for therapeutic interventions at many levels of the 

immune response may be possible. It is highly likely that multiple mechanisms participate in 

demyelination and axonal injury. This may be reflected in the intensity of the inflammatory 

process or in different mechanisms in the pathogenesis of the disease (Rose, 2010). 

      Due to the nature of the thesis, immunology in MS was explained briefly, and therefore 

for a detailed explanation, the reader is referred to 'McAlpine's Multiple Sclerosis, 4
th

 edition' 

by A. Compston et al.  

 

3.5 Mechanisms of relapse and remission        

An important mechanism of relapse is the acute episode of an inflammatory demyelination. 

As for remission, it's the resolution of the inflammation, removal of the NO2 together to the 

acquisition and the ability to conduct by demyelinated axons. The new myelin that is formed 

is thinner but may allow functional recovery, and conduction through the new myelin is 

restored within 2 to 3 weeks of the remyelination process (Smith & McDonald, 1999).  

      Due to the nature of the thesis, mechanisms of relapse and remission in MS was explained 

briefly, and therefore for a detailed explanation, the reader is referred to 'McAlpine's Multiple 

Sclerosis, 4
th

 edition' by A. Compston et al.  
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3.6 Clinical manifestation 

      The course of the illness is very unpredictable and the symptoms are extremely variable, 

ranging from a single transient neurological deficit with full recovery, to a permanent 

disability being established within weeks or months of onset. The fundamental clinical 

characteristic of MS is that of episodes of neurological disturbances affecting noncontiguous 

parts of the- are separated by periods of remission (Stokes & Stack, 2011).  

      The disease is slowly progressive 80% of the time, with a complete resolution following a 

relapse. During the remaining 20% of the time, MS is progressive from the first onset. About 

one third of these patients are in an inactive phase of the disease and are not significantly 

disabled, while the other one third are slowly deteriorating. The remaining are stable but may 

be disabled having the disease for many years. Relapses can occur on an asymptomatic 

background, or complicate existing disability (Confavreux, et al., 2006).  

 

Classification of MS  (Stokes & Stack, 2011) 

Figure 4 shows a graphic representation of classifications of MS.  

 Benign MS: 1 or 2 relapses, separated by some considerable time, allowing full 

recovery and not resulting in any disability.  

 

 Relapsing remitting MS: characterised by a course of recurrent discrete relapses, 

interspersed by periods of remission when recovery is either complete or partial.  

 

 Secondary progressive MS: having begun with relapses and remissions, the disease 

enters a phase of progressive deterioration, with or without identifiable relapses, where 

disability increases even when no relapse is apparent. 

 

 Primary progressive MS: characterized by progressive and cumulative neurological 

deficit without remission or evident exacerbation.  

 

Signs and symptoms 

       Careful history will show that the patient has had feelings of ill health for the last months 

or years, and it is also common to find history which clearly suggests a previous episode of 

demyelination; for example, double vision or blurring. Since demyelination can occur 

anywhere, the initial presentation of MS will vary with each patient. Symptoms of MS are 

clearly defined and explained in section 4 of the thesis (Stokes & Stack, 2011).  
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Figure 4: A graphic representation of the types of MS 

(Stokes & Stack, 2011) 
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3.7 Diagnosis  

To make a clinical definite diagnosis of MS there has to be a history of 2 attacks and clinical 

evidence of 2 separate lesions (Poser, et al., 1983).  

 

Magnetic resonance imaging (MRI): 

      An MRI image of the head and spine is helpful. Typically high signal lesions on T2-

weighted sequences are seen throughout the white matter. Furthermore, gadolinium 

enhancement demonstrates areas of active inflammation with breakdown in the blood-brain 

barrier, which is associated with an acute relapse (Paty, et al., 1988). 

      In for example acute optic neuritis or cervical myelopathy, the demonstration on an MRI 

scan of disseminated asymptomatic lesions is particularly helpful in confirming the diagnosis 

and there are rigid criteria for interpreting the MRI scan changes. Newer techniques such as 

fluid-attenuated inversion recovery (FLAIR) and magnetisation transfer imaging (MTI), 

improve the sensitivity and selectivity of MRI in MS (Filippi, et al., 1998). 

 

Lumbar puncture: 

      An analysis of the cerebrospinal fluid (CSF) could be made. Physiologically, there's a 

production of Immunogloben G (IgG) within the CNS, and so these could be detected by the 

biochemical analysis of the CSF. Electrophoresis of the CSF allows the IgG's to separate into 

oligoclonal bands. With simultaneous analysis comparison of the IgG's found in the blood and 

CSF can demonstrate whether or not these antibodies are confined to the CNS (unmatched 

oligoclonal bands), and therefore provide confirmatory evidence of inflammatory CNS 

disease (Stokes & Stack, 2011). 

 

Evoked potential: 

These potentials include: visual, brainstem auditory and somatosensory evoked potentials 

(VEP, BAEP and SSEP). Results from these tests may provide evidence of a subclinical 

lesion, which has previously been undetected (Stokes & Stack, 2011). 

 

  



15 
 

4 Multi/interdisciplinary rehabilitation in MS 

To date, the treatment for MS is termed into 3 groups (EMSP, 2004): 

1) The management of the acute attack 

2) Treatment of the underlying disease 

3) Rehabilitation and management of symptoms  

Due to the nature of this thesis, the 3
rd

 point will be discussed in this section with attention 

towards improvement of MS patient's QoL.  

 

      The National Multiple Sclerosis Society has released a statement which states that 

rehabilitation in multiple sclerosis is a process that helps a person achieve and maintain 

physical, psychological, social and vocational potential and QoL consistent with physiologic 

impairment, environment and life goals. Achievement and maintenance of optimal function 

are essential in a progressive disease such as MS (Kraft & Shah, 2006). 

      MS is uniquely difficult to rehabilitate due to the variety of symptoms it presents with. 

Further the disease worsens over time and has an unpredictable course, requiring periodic 

reassessment and rehabilitation treatment. Also an exacerbation could occur at any given time 

(Kraft & Shah, 2006).  

      Rehabilitation in general has moved from professional artistry to an evidence-based 

scientific approach over the last 15-20 years. This is very true and advancing in the case of 

rehabilitation in MS due to many factors such as the growing knowledge of neuroscience, 

seeing the effectiveness of therapy, awareness of evidence-based science and the increase of 

the political attention towards the rehabilitation of the disease. Lastly, an important factor is 

the use of proper classifications throughout different organizations within different countries. 

One example is the International Classification of Functioning, Disability and Health (ICF) 

(Stokes & Stack, 2011).  

      Moreover, there is disease-specific health-related QoL scale which provides an excellent 

option to objectify scientific studies. For MS, these include the functional assessment of MS 

(FAMS); the MS quality of life health survey (MSQoL 54)- which adds 18 additional items 

relevant to MS; and the MS quality of life index (MSQoLI)- which adds 9 additional items 

(Young, 2007). 

      

      It is important to note that rehabilitation of an acute relapse differs than that of chronic 

symptoms of MS, in which the main goal is to decrease the duration and intensity of the 

neurological dysfunction (Ontaneda & Rae-Grant, 2009). In fact, an incomplete resolution of 

relapses has been associated with ongoing disability. Yet, promoting a full recovery to the 

baseline level of functioning and reducing the resultant long term disability is to date an 

elusive goal (Ontaneda & Rae-Grant, 2009).  

      Moreover, since there are no curative treatments available for MS yet, and so symptomatic 

therapy is necessary (Stokes & Stack, 2011). For this reason, an interdisciplinary approach of 

rehabilitation is effective to address these different yet incorporated symptoms that arise in 

MS. 
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      Functioning and disability is the core experience of patients with MS, and these are 

associated with social status, QoL, health policy and management, prevalence of cognitive 

dysfunction and effects on daily living activities, impact of mood disorders and fatigue, 

psychological functioning with chronic pain, perceived physical and psychological impact and 

economic questions like recourse consumption, work capacity, health outcome and cost-of-

illness (Holper, Coenen, Weise, Stucki, Cieza, & Kesselring, 2010).  

      Functioning and health are not only an outcome, but also the starting point in the 

assessment of a patient. It has been reported that independently of the physical disability 

degree, impaired functioning and participation in social activities can have a major influence 

on role limitations in work and life (Holper, Coenen, Weise, Stucki, Cieza, & Kesselring, 

2010). Therefore, for the purpose of rehabilitation a brief and comprehensive ICF core set for 

MS was set (Holper, Coenen, Weise, Stucki, Cieza, & Kesselring, 2010). A copy of these is 

found in the appendix.   

 

      Multi-disciplinary teamwork is applied to models where all work efforts of different team 

members are parallel and discipline oriented. The result will be the sum of the efforts of all 

team members (EMSP, 2004). Interdisciplinary rehabilitation approach is more effective, and 

the idea is working together for the same goal. Team members are required to have the skills 

of their discipline as well as the ability to contribute to a group effort on behalf of the patient. 

The treatment programme is synergistic, producing more than each discipline could achieve 

individually. Communication and participation are the key words in team-work. The team 

members working with a progressive, life-long disease have to share common values and 

objectives that remain relatively unchanged throughout time (EMSP, 2004). 

      It is important to set realistic goals in collaboration with the whole team and the person 

with MS before the rehabilitation process starts. The main desired effect of rehabilitation is 

improved compensation, adaptation and reconditioning (Kesselring & Beer, 2005).  

    Good rehabilitation is tailor-made, flexible and dynamic and depends on the needs of the 

person with MS. The team may include the neurologist and/or rehabilitation physician, 

psychologist and/or neuropsychologist, physiotherapist, occupational therapist, speech 

therapist, rehabilitation nurse and/or nurse continence advisor and the social worker. The most 

important member of the team is the person with MS and the caregiver. A wider range of 

specialists can also be involved, such as the psychosexual therapist, urologist, gynecologist, 

ophthalmologist, mobility aid specialist, orthopedic surgeon and family physician (EMSP, 

2004).   

 

This theme focuses on interdisciplinary rehabilitation for MS described in the form of 

symptomatic therapy. 
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4.1 MS related fatigue 

      Fatigue is considered to be among the most common symptoms, reported by at least 75% 

of MS patients at some point in the disease course (Krupp, 2006), and is one of the main 

causes of impaired QoL, independent of depression or disability. This is because it imposes 

significant socioeconomic consequences, including loss of employment (Smith & Arnett, 

2005).  

      Clinically MS patients report fatigue as exhaustion, lack of energy, increased somnolence 

or worsening of MS symptoms, with fatigable weakness exacerbated by activity and heat 

(Vucic, Burke, & Kiernan, 2010). The term is not specific, and can encompass many things 

from the perception by the person that more effort is required to undertake a task than is 

normal (sensory symptom). Yet, an objective documentation could be taken in the form that 

voluntary power has declined during a task or on repetition of that task (motoric deterioration) 

(Vucic, Burke, & Kiernan, 2010). 

      There has been a differentiation made between central and peripheral fatigue (Chaudhuri 

& Behan, Fatigue and basal ganglia, 2000). The feeling of constant exhaustion is a 

characteristic of central fatigue which is typically seen in MS and might be related to lesions 

in pathways of arousal and attention, such as reticular system and basal ganglia (Chaudhuri & 

Behan, 2004). It refers to a decline in the neural drive to muscles and theoretically this could 

have supraspinal and spinal contributions. It may even be due to conduction block in motor 

axons in the peripheral nerve (Gandevia, 2001). 

      Peripheral fatigue occurs when performing strenuous tasks, where there will be an 

increasing inability to generate the force that is required to perform a task due to a failure of 

force production at a muscle level (Vucic, Burke, & Kiernan, 2010).     

      Furthermore, fatigue is also divided into either primary or secondary characters. Primary 

fatigue is directly related to the disease mechanism, and so it's the cause of central or 

peripheral causes (as a result of inflammation, demyelination or axonal loss). It has been 

suggested that neruoplasticity in the form of functional cortical reorganisation may result in a 

higher energy demand in certain brain areas, culminating in an increase of fatigue perception 

(Kos, Kerckhofs, Nagels, D'Hooghe, & Ilsbroukx, 2008).  

      Studies have demonstrated that new learning requires fairly immediate slow-wave deep 

sleep to encode newly learned information. It appears that the consolidation of new brain 

traces for efficient learning requires a fairly immediate period of slow-wave sleep to allow for 

the 'offline' processing required for new synaptic plasticity. Therefore the question of whether 

fatigue is needed in order for the patient to sleep arises when discussing it in terms of neuro-

regeneration and plasticity (Kraft & Shah, 2006). The reader is referred to section 7 for an 

overview on neuro-plasticity in MS. 

      Moreover, fatigue may be secondary due to the remaining symptoms that arise in MS, 

such as sleep disturbances, bladder dysfunction, spasms, pain and/or psychological disorders. 

It may also be a side effect of pharmacological treatment that the patient undergoes (Kos, 

Kerckhofs, Nagels, D'Hooghe, & Ilsbroukx, 2008). Finally it may be a result of other MS 

symptoms, such as spasticity, where there will be an increased tone in the lower extremity 

which leads to an increase in energy expenditure during gait and other activities (Kraft & 

Shah, 2006).  
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      Chronic fatigue has been recognised as a major problem for MS patients and has to be 

seen as a multidimensional experience that can be related to common symptoms such as 

depression, anxiety and cognitive impairment. Further trails are needed in order to clarify the 

causal relationship between mood, anxiety, cognition and MS-related fatigue (Bol, Duits, 

Hypperts, Vlaeyen, & Verhey, 2009).   

 

Assessing fatigue 

      Fatigue Severity Scale (FSS) is most efficient, it scores from 1-7, and assesses the 

severity, frequency and impact of fatigue on the daily life. It's internationally consistent, 

validated and has the ability to differentiate depression from fatigue. The Modified Fatigue 

Impact Scale (MFIS) is a shorter version of the Fatigue Impact Scale (FIS), consisting of 21 

items, designed specifically to assess the impact of fatigue on everyday life in MS patients. 

Both have adequate validity and reliability (Vucic, Burke, & Kiernan, 2010). 

 

Management of fatigue 

      Treatment of fatigue requires an interdisciplinary approach; appropriate strategies include 

graded exercise programmes, behavioral modification therapy or medication. (Kesselring & 

Beer, 2005). The principles for implementation of strategies are allowing limitations on 

unnecessary efforts, prioritisation of daily tasks and environmental arranging (Demaille-

Wlodyka, Donze, Gallien, & Group, 2011). I.e. it focuses on education of the patient, family 

and employer to evoke understanding and maximising flexibility in home life and work 

schedule (Noseworthy, Miller, & Compston, 2005).  

      Energy conservative techniques have shown to significantly reduce fatigue and improve 

QoL (Mathiowetz & Mathiowetz, 2003). These techniques include learning to recognise 

personal limitations, scheduling activities around the time when they are at peak energy 

levels, taking naps and using assistive devices to ambulate (Kraft & Shah, 2006). 

Occupational therapists help with these techniques and work within a guideline of rest and 

relaxation, prioritisation of daily activities and planning/adapting daily activities (Forwell, 

2003). Table 3 shows the recommended 8 non-invasive techniques for managing fatigue and 

enabling people with MS to do things they want. 

 

 Table  3: recommended 8 non-invasive techniques for managing fatigue (Forwell, 2003)  

Examples and principles  Strategies 

 Ignoring, pretending or 'fighting it' does not 

promote performance or ability to do chosen 

activities 

 One needs to take control of fatigue rather than 

the fatigue doing the controlling 

Education  

 Implementation of rest : activity ratio Self-monitoring 

techniques  

 Use conveniences such as elevators, disabled 

parking 

 Organise tasks to be done in parts, so it is easy to 

stop and re-start 

Energy efficiency 

strategies  
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      Aerobic and strengthening exercises are shown to promote proper posture and walking, 

and can reduce fatigue. However the program should be individualised and include the patient 

and their family. Recent studies have shown that short bursts of physiotherapy input alone 

will not enable an MS person to achieve and maintain the optimal fitness and function. A 

continuous and effective self-management is also vital (Freeman, 2003). The reader is 

referred to section 5.2.1 where physical activity and exercise is discussed in detail.   

      Cooling vests are also used to improve fatigue in heat sensitive MS patients (Kraft & 

Shah, 2006). Cooling therapy is associated with objectively measureable but modest 

improvements in motor and visual functions (Schwid, et al., 2003). The reader is referred to 

section 5.2.6 where cooling is discussed in detail.       

      Similarly, dietary interventions are also seen to have an impact on fatigue; in a recent 

randomised trail, adherence to low fat, low cholesterol diet supplemented with olive oil and 

capsules was shown to reduce fatigue significantly (Weinstock-Guttman, et al., 2005). 

Nutritional supplements such as creatine might support conditioning training and improve 

physical endurance, but no clinical trials have investigated the benefit during rehabilitation of 

patients with MS (Kesselring & Beer, 2005).  

      Lack of control of the environment is one of the best psychosocial predictors of global 

fatigue and fatigue-related distress for MS patients. Techniques to enable the patient to learn 

to control the environment may therefore help with fatigue (Kraft & Shah, 2006); and this 

could be achieved by cognitive behavioral therapy (van Kessel, Moss-Morris, Willoughby, 

Chalder, Johnson, & Robinson, 2008).   

      Moreover, it is important to note that fatigue may be secondary to side effects of 

medication; Amantadine, Modafinal and Pemoline are mostly used (Heering, 2003); a 

summary of relative drugs is found in the appendix.  

      Finally, monitoring and measuring physical, emotional and psychological contributes 

towards fatigue can be done. Nurses are the immediate first step to help with this intervention, 

because usually they are the patient's initial and long-term contact. Nurses could help the 

patient start up with a daily diary; to document when they are at their maximum and minimum 

fatigue. It is also important to note times and circumstances related to how they feel. The 

nurse could also help to encourage the comparison of self-strategies between other MS 

patients (Heering, 2003). Figure 5 shows an example of such a diary.  

 Use a chair in the shower to sit rather than stand 

 Walking aids to reduce energy needed to walk 

 Use environmental control units and remote 

control  

Equipment  

 Use cooling garments and reduce sun exposure Body temperature 

 Use to rejuvenate the system Relaxation  

 Sleep at night in different locations to where you 

rest during the day 

 Pay attention to pre-sleep routines  

Sleep routines 

 Keep commonly used items on the easiest 

reaching shelves 

 Set up convenient places to rest where you spend 

a lot of time  

Environment  
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      To summarise the above, fatigue is a common symptom of MS. Despite the high 

incidence and impact, the majority of patients are not treated (Flachenecker, 2012). However, 

within a comprehensive care, it can be managed and thus provide the patient with a higher 

value of QoL. This care includes the use of personal diaries (Heering, 2003), energy 

conservative technique, medication, balancing rest and activity, ergonomic principles, 

modification of environment, proper body mechanisms and living a balanced lifestyle 

(Forwell, 2003) (Flachenecker, 2012).  

      Likewise, using aerobic and strengthening exercises, Nordic walking, relaxation 

techniques, and yoga should be used (Freeman, 2003) (Flachenecker, 2012). Further dietary 

interventions (Weinstock-Guttman, et al., 2005) and cooling strategies such as cooling the 

environment, cold baths, cold showers and cooling garments are useful (Kraft & Shah, 2006) 

(Flachenecker, 2012). Lastly, psychological interventions such as cognitive behavioral 

therapy should not be neglected (van Kessel, Moss-Morris, Willoughby, Chalder, Johnson, & 

Robinson, 2008). 

 

 

 

 

  

 

Figure 5: an example of a daily diary that can be used by an MS patient (Heering, 2003) 
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4.2 MS related disturbances of autonomic functions 

4.2.1 Bladder dysfunction 

      The key CNS regions involved in the regulation of micturation includes the 

periaquaductal grey matter, pontine micturation centre, medical frontal cortex, hypothalamus 

and sacral micturation centre. In MS, the interruption of connections between the pontine and 

sacral micturation centers is caused (as a result of demyelination (Stokes & Stack, 2011).  

      Bladder symptoms may occur at the onset of MS or at any time throughout the course of 

the disease. The impact varies from a slight nuisance to significant interference with social 

and professional aspects of daily living (Noseworthy, Miller, & Compston, 2005), such as 

early retirement from employment and decreased self-esteem (Flowers, 2003). It may also 

lead to potentially life-threatening complications resulting from impaired renal function. The 

most usual complaint is failure to store urine, causing bladder irritability, manifesting as 

frequency, urgency, nocturia and nocturnal enuresis (Noseworthy, Miller, & Compston, 

2005). Diagnosis, treatment and regular follow-ups are essential for the patient to manage the 

symptoms (Flowers, 2003). Table 4 shows the common symptoms of bladder dysfunction and 

their prevalence in people with MS. 

 

 

 

 

 

 

 

 

 

      Two main bladder dysfunctions exist in MS; storing and emptying. Failure to store is 

referred to as an over-active bladder and results in the person feeling the need to urinate 

frequently, but only in small amounts. Urgency may also be experienced, and in severe cases, 

the individual may also experience urge incontinence- a leakage of urine by involuntary 

detrusor muscle contraction together with a strong urge to urinate (Flowers, 2003). 

      The second dysfunction, which is the inadequate emptying of the bladder occurs due to 

uncoordinated muscular activity, resulting in the dysfunction of sphincter dysfunction while 

the detursor contracts, allowing the urine flow to be poor and interrupted, making the bladder 

emptying incomplete. The residual volume can stimulate further bladder contractions. In this 

case, patients complain of an increase in the frequency to urinate. It is important to assess the 

amount of residual urine in the bladder to decrease the risk of infection (Flowers, 2003).   

 

Assessment 

      Should be performed by a urologist, and the diagnosis of bladder insufficiency, bladder 

overactivity, detursor-spinchter dyssunergia or a combination of the above should be made. 

Further, urinary tract infections (UTIs) should be excluded as well (Stokes & Stack, 2011).  

 

Table  4: bladder dysfunction and their prevalence in MS (Flowers, 2003) 

Bladder dysfunction Prevalence in MS 

Urgency 80% 

Frequency 80% 

Nocturia 80% 

Incontinence 50% 

Hesitancy 20% 
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Management of bladder symptoms 

The following section lists strategies used that are used to manage bladder dysfunction:  

Behavioural training: 

      This is a training technique to re-establish normal urinary frequency and increase bladder 

capacity (Kesselring & Beer, 2005). The MS nurse is the first in the inter-disciplinary team to 

introduce the patient to this technique. A day-time urinating schedule of every 2 hours has to 

be followed, and the person must resist urge to urinate at other times.  

 

Suprapubic tapping/ Crede Menoeuvre: 

      Some patients achieve bladder emptying by this method. Most patients learn to tolerate 

occasional small volume incontinence. For patients complaining of more frequent leakages, 

special pads and under garments can be recommended (Noseworthy, Miller, & Compston, 

2005). 

 

Dietary intervention: 

      Effective management of fluid intake and reduction intake of diuretic agents such as 

caffeine is recommended (Kesselring & Beer, 2005). It's important to drink 1-2 litres of fluids 

a day, preferably water, and divide this amount to be drank within 3 or 4 times on a daily 

basis (Motta, 2003). Moreover, patients are advised to have their last fluid intake no later than 

4pm (Noseworthy, Miller, & Compston, 2005).  

      Cranberry supplements or juice are advised as well for the prevention of UTIs, as 

cranberry makes urine more acidic, and therefore inhibits bacterial growth and thus adhesion 

into the uroepithalium (Motta, 2003). There are studies that suggest that cranberry has a 

preventative role and reduces the risk of recurrence of UTI, but they are not specific to MS 

(Noseworthy, Miller, & Compston, 2005). 

 

Electrostimulation: 

     This method entails applying an electric current to strengthen the muscles around the 

bladder. The current is passed via a small anal (or vaginal) probe in close contact with the 

pelvic floor muscles. It's not painful, and can be self-administered using a portable stimulator 

at home. At the start of the sessions, this therapy should be supervised by physiotherapists 

(Vermeulen, 2003). The MOA is the stimulation of the pedundal nerves, and inhibition of 

hyper-reflexia; this technique could be used to control over-active bladder (Kesselring & 

Beer, 2005). It can be used for 20 minutes to 1 hour per day for a period of 20 days. There is 

further evidence that this is as useful as pelvic floor exercises (Vermeulen, 2003).  

 

Pelvic floor muscle (PFM) rehabilitation: 

      This has an important and preventative role in strengthening PFM before symptoms of 

bladder dysfunction occurs. PFM function is considerably disturbed in MS, showing muscular 

weakness with preservation of peripheral motor nerve conduction (Jameson, Rogers, Chia, 

Misiewicz, Henry, & Swash, 1994).  

      Increasing the strength of PFM can help to improve bladder symptoms common in MS 

such as frequency, urgency, incontinence, hesitancy and an intermittent stream or flow of 
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urine. They are indicated to those patients who can contract and release the PFM on command 

and can relax after contraction, immediately or with only a slight delay (Vermeulen, 2003). 

The reader is referred to section 5.2.9 where PFM strengthening is discussed in detail. 

 

Clean intermittent self-catheterisation: 

      When the residual volume exceeds 100ml, this method is indicated. Its use could be 

discontinues once sufficient improvement in bladder emptying is seen; and so it should be 

combined with bladder retraining techniques (Noseworthy, Miller, & Compston, 2005).  

      The removal of the residual volume decreases risk of infection from bladder stones, UTI 

and in worse case renal failure (Noseworthy, Miller, & Compston, 2005). 

      Self-catheterisation encourages autonomy and helps maintain self-esteem. Once the 

individual masters the technique, he or she is able to feel more in control of bladder problems, 

become more confident and less anxious (Motta, 2003). Figure 6 shows steps for performing 

intermittent catheterisation, with aim of reducing the risk of UTI.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: steps to perfrom intermittent self-catheterisation (Motta, 2003) 
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Pharmacotherapy: 

      A summary of medication used for control of bladder symptoms is found in the appendix.  

 

Surgical intervention: 

      This is done when all other means have been exhausted. Sacral neuromodulation, urinary 

diversion or bladder augmentation are possible procedures that could be performed (Stokes & 

Stack, 2011).  

 

Recommendations: 

      The inclusion of regular upper urinary ultra-sound is recommended in the long-term 

management of this symptom, including those who are asymptomatic. Specific attention 

should be given to paraplegic and quadriplegic patients due to the development of significant 

perineal health, including unacceptable pelvic hygiene, urethral erosions, bladder neck 

dilation, urethrocutaneous fistulae, bladder stones and recurrent infections. It's essential that 

the perineum is dry to avoid skin excoriation and decubitus ulcers (Noseworthy, Miller, & 

Compston, 2005).  

 

      To summarise the above, managing bladder dysfunction within an inter-disciplinary 

approach will have a positive impact on the QoL of patients (Noseworthy, Miller, & 

Compston, 2005). 
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4.2.2 Bowel dysfunction  

      Abnormal bowel habits are not easily defined, but to two-thirds of MS patients admit to 

constipation. Faecal incontinence is reported by up to 50% although fortunately, it's often less 

of a recalling complaint (Noseworthy, Miller, & Compston, 2005). 

      The principle in management is dietary alternation (Noseworthy, Miller, & Compston, 

2005) in the form of adequate intake of fibre and fluid, along with the avoidance of chocolate 

(Kesselring & Beer, 2005) (Stokes & Stack, 2011). 

      The use of bulk laxitives is advised, and these are psyllium fibre, polyethylene glycol and 

10ml of lactulose per day. The use of glycerol suppositories may be useful in severe cases. 

Furthermore, small volume enemas compromising 50-100mg of docusate sodium (once daily) 

could be given to patients with refractory constipation and incontinence to enhance the feeling 

of control. When this approach fails, bisacodyl and senna could be used (Noseworthy, Miller, 

& Compston, 2005). A summary of these medications is found in the appendix. 

      Moreover, behavioural training in the form of reflex emptying of the bowel at socially 

convenient times and places is encouraged (Noseworthy, Miller, & Compston, 2005). Table 5 

provides a summary of strategies that are used for the management of bladder dysfunction. 

      As one can expect, bladder dysfunction can have significant impact on the patient's 

socialisation and integration, and so management is crucial to insure an optimal QoL.       

    

Table  5: strategies for management of bladder dysfunction (Stokes & Stack, 2011) 

Constipation Faecal incontinence 

 Increase fluid and fibre intake  Antimobility agents (codeine 

phosphate and loperamide) 

 Use bulking agents  Rectal stimulants 

 Use stool softeners and osmotive 

lexatives (such as lactulose) 

 Surgical intervention: end stoma; 

dynamic graciloplasty; artificial 

bowel sphincter; sphincter repair; 

sacral nerve stimulation  

 Use stimulant laxatives (senna 

and bisacodyl) 

 

 Use rectal stimulants   

 Behavioural training and feeback  

 Surgical intervention: colostomy, 

iliostomy or transanal colonic 

irrigation  
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4.2.3 Sexual dysfunction  

      In a comparative study, sexual dysfunction was found in 73% in MS patients compared 

with 39% in those with other chronic diseases and 13% in healthy controls (Kesselring & 

Beer, 2005). As the statistics demonstrate, the prevalence is high and therefore management is 

required.  

      Sexual dysfunction is characterised as primary, secondary, or tertiary. Primary sexual 

disorders are a resultant of the direct neurological dysfunction (the lesions). The disturbances 

include partial or total loss of libido, unpleasant or decreased sensation in genitals, decreased 

vaginal lubrication and/or erectile capacity and decrease frequency and/or intensity of an 

orgasm (Foley, 2005).  

      Secondary sexual disorders are due to the effect of symptoms expressed by MS (e.g. 

fatigue, spasticity, tremor etc). These are physical changes that directly affect the sexual 

response (Foley, 2005). 

      Tertiary sexual dysfunctions arise from the resultant psychological and social changes. 

Examples include depression, performance anxiety, changes in family roles, lowers self-

esteem, body image concerns, loss of confidence, and internalised beliefs and expectations 

about what defines a sexual man or woman in the context of having a disability (Foley, 2005).  

 

Sexual dysfunction in woman: 

      Rates are as high as 80%, and has a major impact on QoL and interpersonal relationships. 

For many women, it is a physically disquieting, emotionally disturbing and socially disruptive 

disorder (van Rey, 2005).  

      Abnormalities in blood circulation, hormonal states and nerve functioning and mental 

well-being are all factors influence sexual function. Lesions in the CNS and spinal cord may 

occur, the first interfering in the interpretation of sexual stimuli arousing, and the latter, 

interfering with the transmission of arousing nerve signals to the genitals. Lesions in the 

sacral part results in primary sexual dysfunction by inhibiting vasocongestion, resulting in 

diminished or absent clitoral swelling and/or vaginal lubrication. The types and frequencies 

are as follows: 80% of woman with MS experience sexual dysfunction, 48% complain of 

reduced genital sensation, 35% complain of reduced vaginal lubrication and difficulty in 

arousal, 72% complain of difficulty or inability reaching orgasm (van Rey, 2005). 

      The assessment compromises of a full medical history, physical and pelvic examination 

performed by a physician. As for the management of primary dysfunction, oestorgen creams 

may be use used for women who complain of vaginal dryness, pain or burning. More 

strategies in management is discussed below (van Rey, 2005).  

 

Sexual dysfunction in men: 

      In a normal state, relaxation of muscle cells are initiated by nitric oxide (NO), that is 

released from nerves from the lower segments of the spinal cord. Therefore, erectile 

dysfunction could be a result of vascular or neurological systems, along with psychosexual 

influences. Furthermore, testosterone is an important hormone influencing libido; low levels 

of testosterone are associated with depression and obesity, both of which can be related to MS 

(Lording, 2005).   
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      The assessment compromises of a careful history because there are no specific diagnostic 

tests. The management for primary sexual dysfunction are medication to enhance the 

relaxation of muscles cells in the penis; seildenafil, tadalafil, vardenafil are commonly used. 

Caution should be taken when using these medications, especially with patients who have 

cardiac dysfunction (Lording, 2005).  

  

Management of secondary sexual disorders:  

      As mentioned above, secondary sexual disorders in both genders arise from the remaining 

symptoms that the patient experiences. Therefore, finding solutions to those symptoms in 

relation to sexual activity may be helpful. Table 6 describes the management of those 

symptoms that contribute to secondary sexual disorders.  

 

Table  6: secondary sexual disorder strategies by managing co-existing symptoms of MS (Cassidy, 2005) 

Symptoms Management 

Fatigue   Use of energy conservative 

techniques and medication 

Weakness  Use of pillows for comfort 

 Use of exercise for weakness due 

to de-conditioning 

 Strengthening of PFM 

Lack of co-ordination and tremor  Improved by appropriate body 

positioning 

Bowel and bladder problems 

Main goal is to limit the fear of an 

accident occurring so that the patient 

doesn’t avoid sexual activity completely  

 Limit fluid intake a few hours 

before sexual activity 

 Padding the bed to promote less 

anxiety 

 Use of self-catheterisation prior to 

the sexual activity 

Pain  Well-timed pain medication 

programme 

Sensory issues  Use of body mapping (sensory 

mapping of the body to locate 

areas of pleasant, decreased or 

altered sensation)  

 Use of creams or oils to alter 

sensation  

Mobility 

The use of devices and aids may alter 

confidence and self-image  

 Couples counselling  

Cognition  

Changes in attention and concentration 

may be perceived as a lack of interest or 

love  

 Couples counselling  
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Management of tertiary sexual dysfunction: 

      As mentioned above, tertiary dysfunction is due to the resultant psychological and social 

changes that an MS patient goes through. Therefore, counseling, reading more literature, 

seeking more help from professionals will greatly help in its management. Partners of MS 

patients are also advised to go along to these meetings. A useful strategy is to have pre-written 

questions to ask the health care professionals, to have all questions answered. Counseling can 

help the individual explore feelings and facilitate discussion in a respected and professional 

way. Negative emotions such as guilt, anger and resentment can be identified, seen in context 

and worked through in a non-judgmental environment (McDonald, 2005).  

 

      To summarise the above, sexuality is an important aspect of human life and must not be 

neglected with considering the impact of MS on an individual (McDonald, 2005). Successful 

management requires creativity, communication, patience and resource management so that 

the person is able to maintain his or her sexual activity, thus influencing the QoL (Cassidy, 

2005). 
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4.2.4 Cardiovascular and temperature regulation disturbances  

      Recent investigations suggest that autonomic dysfunction, possibly from extensive spinal 

cord damage, in patients with MS may lead to disorders of ventricular repolarisation. 

Therefore it might be appropriate to perform a baseline electrocardiography (ECG) before 

prescribing medications that can prolong the QT levels (Noseworthy, Miller, & Compston, 

2005). Moreover, loss of central regulation of temperature control may occur in patients with 

lesions in the hypothalamus (Noseworthy, Miller, & Compston, 2005).  

      As it is seen, a cardiologist and a neurologist are essential parts of the inter-disciplinary 

team that is needed for MS rehabilitation.  
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4.3 MS related disturbances of mobility and gait 

      In this chronic progressive disorder, equilibrium and gait is affected due to pyramidal 

lesions. Once chronic, disorders in deep sensitivity, cerebellar or vestibular syndromes and 

visual disorders arise. Yet, there are other factors which are weakness, spasticity and pressure 

ulcers that also contribute to this dysfunction. The latter three will be described in this section 

(Demaille-Wlodyka, Donze, Gallien, & Group, 2011).  

4.3.1 Weakness 

      Weakness could be caused either due to the conduction block within the disease process, 

or as a consequence of deconditioning. It is possible to overcome conduction block in 

demyelinated axons pharmacologically or by alterations in ion concentration (Noseworthy, 

Miller, & Compston, 2005).  

      At later stages of the disease, a spread of cortical-neural territory is seen to be activated 

when performing a motor act; this has been confirmed on functional MRI (fMRI). This puts a 

restriction of the patient to perform a dual task. For example, a situation might arise that 

weakness is given to be the cause of unstable gait, yet the instability does not resolve when a 

brace is used. In this case it may be more efficient to broaden the base of support by a cane to 

improve stability to manage the dual tasking during gait. Therefore it is very important to 

differentiate between weakness, spasticity and other causes (Kraft & Shah, 2006).  

      Many patients with moderate distal leg weakness (and spasticity) will benefit from Ankle-

foot-orthosis (AFO) (Noseworthy, Miller, & Compston, 2005) to improve function and 

complement movement (Kraft & Shah, 2006). Patients with significant weakness need a 

stabilising standard AFO. If a degree of movement is needed, an articulated AFO may be 

used. In case of mild paresis for example, an electrical stimulation AFO is preferred. All types 

of bracing need to be reassessed due to the progressive nature of MS (Kraft & Shah, 2006). 

The reader is referred to section 5.2.15 where the use of aids is discussed in detail. 

      Eventually, walking sticks, canes, crutches, walking frames, wheelchairs and motorised 

scooters may be required. Balancing the emotional cost of sensing that a threshold has been 

crossed, and disability has increased, against the advantages of safer mobility or an extended 

range of activities have to be conducted (Noseworthy, Miller, & Compston, 2005). The reader 

is referred to section 5.2.15 where the issue of aid abandonment is discussed.  

      Moreover, it is shown that progressive resistive exercises can improve strength in MS 

patients, because this requires the development of intramuscular tension to develop muscle 

strength. It is also proven that both mildly and severely disabled patients are able to generate 

sufficient levels of tension to increase muscle strength (Kraft & Shah, 2006). The reader is 

referred to section 5.2.1 where physical activity and exercise is discussed in detail.  

      To summarise the above, improving weakness by appropriate management improves 

mobility and personal independence, factors that influence QoL (Noseworthy, Miller, & 

Compston, 2005).  
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4.3.2 Spasticity  

      Spasticity is a velocity-dependant increase in muscle tone (Kraft & Shah, 2006). It is seen 

in more than 60% of MS patients. The increased hypertonia results from the injury to the 

corticospinal system and unmodulated activity of local spinal neurons and sensory afferent 

pathways (Stokes & Stack, 2011).  

      Spasticity affects body functions, and can cause activity limitations and participation 

restrictions, primary due to its effect on functional movement (Hutchinson, 2008). If not 

managed well, it results in pain, spasms, limitation of range of motion (ROM) and finally 

leads to contractures (Stokes & Stack, 2011). These outcomes contribute to a decrease in 

patients QoL (Bethoux, 2008). 

 

Assessment 

      A full patient history, current coping strategies, expectations and future lifestyle plans 

should all be taken into consideration (Jarrett, 2008). Validated scales to assess spasticity 

include the Ashworth, Modified Ashworth, Oswety and Tardieu scales. These scales take into 

account the degree of increased tone and change in ROM (Kraft & Shah, 2006).       

 

Management 

      The biggest challenge with spasticity management is determining what the optimal level 

of muscle tone is for an individual (Hutchinson, 2008), since some patients may use spasticity 

as an aid in transfers and ambulations (Kesselring & Beer, 2005). For this reason, an 

extensive functional assessment by a physiotherapist and an occupational therapist is required 

(Kraft & Shah, 2006). As a consequence of spasiticity constantly fluctating and evolving 

during the course of the disease, any treament or rehabilitation must be individually planned 

and readapted (Bethoux, 2008). 

      Spasticity may arise or increase secondary to an increase in nociceptive input. Thus 

management of the factors that increase these nociceptive input may in turn reduce spasticity. 

Examples are infections of the sinuses or urinary and pulmunary systems, presence of bowel 

obstructions, kidney stones, pressure sores or ingrown nails (Kraft & Shah, 2006). Further, 

psychosocial health, stress, hunger and thirst should be taken into account. As for female 

patients, menstruation may contribute towards an increase of nociceptive input. Once 

nociception is removed, it is also important to control other environmental stimuli such as 

noise and light (Kraft & Shah, 2006)..   

      Stretching is the next optimal option; the type that is seen to help with spasticity is a low 

force sustained stretch that causes a 30 minute discomort post-stretch (Feys, 2008). The reader 

is referred to section 5.2.2 where stretching is discussed in detail. 

      Other useful means include performing slow passive movements, rhythmical massage 

(tendon rolling over muscle insertion) and mobilisation of connective tissues and peripheral 

nerves. Care must be given when sensory loss is present (Feys, 2008).     

      The use of inhibitory pressures have also known to be successful when managing 

spasticity. This pressure could be applied either manually or through body weight. Examples 

include active forward leans, passive cycling and horseback riding. For patients with expected 
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hip adduction spasticity (as seen in those using wheelchairs), it is useful to inhibit the 

adductor tone by keeping the knees separated, or by using a tilt table to strech the hip flexors 

and triceps surrae through body weight (Feys, 2008).  

      Tone reducing orthosis such as AFO could be used in which the foot plate are designed to 

modify reflex hypertonicity by allowing constant pressure to the plantarflexors and invertors. 

They also control the tendency of the foot to assume an equino-varus posture (Feys, 

Rehabilitation in spasticity, 2008). Functional electrical stimulation (FES) could be used to 

stimulate weak agonistic muscles that have spastic antagonistic pairs. 

       Low-slow maintained vestibular stimulation in the form of slow rocking produces 

generalised inhibition of tone as well. This is done by facilitating the primary otolith organs 

which are receptors for tone. Examples of equipments that could be used to achieve this effect 

are rocking chairs, swiss balls, equilibrium boards or the use of a hammock (PikachuAngel, 

2009).     

      Lastly, neurophysiological means of rehabilitation could be used, such as propioceptive 

neuromuscular facilitation (PNF). The reader is referred to section 5.2.3 where 

neurophysiological concepts is discussed in detail.  

       

      Of course pharmacological treatment of spasticity remains a first choice of management 

as well. Mainly, spasmolytic agents are used, and these work on either suppresion of glutamte 

(excitation) or GABA/glycine (enhancing inhibition). The 4 most common drugs are 

Baclofen, Tizanadine, Dantrolene and Diazepam (Kraft & Shah, 2006). A summary of 

pharmacological treatment is found in the appendix. 

      Other means are the use of nerve blocks in the form of  Botulinium toxin A and B 

(McNalley & Haslekorn, 2008), they are normally used in conjunction with spasmolytics 

(Kraft & Shah, 2006). The potential advantage is the opportunity to selectively reduce muscle 

tone in one group of muscles while leaving the others intact (Noseworthy, Miller, & 

Compston, 2005). The effect can last from months to years depending on what is used (Kraft 

& Shah, 2006).   

      Furthermore, intrathecal baclofen therapy (ITB) may be advised and this helps to manage 

painful spasms and medically refractory adductor tone in paraplegic patients (Noseworthy, 

Miller, & Compston, 2005). The procedure involves the placement of a catheter into the 

thecal sac and is connected to a reservoir with a pump that is placed under the abdominal skin. 

This allows for the baclofen to be directly released into the spinal cord (McNalley & 

Haslekorn, 2008). The effect of the treatment is optimised by using a single daily dose of 

around 0.4mg. This can be continuously used for up to 3-4 years. There is some evidence that 

the prolonged use of intrathecal baclofen produces a lasting reduction in muscle tone even 

after discontinuation of therapy (Noseworthy, Miller, & Compston, 2005). 

      Lastly, it is also important to note that 43% of MS patients have reported to a recent 

survey indicating the use of cannabinoids for spasticity mangement. Patients are not advised 

on this use (Noseworthy, Miller, & Compston, 2005). Since 2002, there have been a number 

of large randomised controlled trials of cannabis-based medicine in MS, predominantly 

exploring their effect on spasticity and neuropathic pain. A summary of these articles are 

found in the appendix. At present the results of large clinical trials in MS have not provided 

the clarity that many have hoped for, and future trials are still needed (Rog, 2010). 
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      Finally, surgical procedures are performed when all other methods have been exhausted. 

The purpose is corrrection of deformities, increasing of comfort, positioning and improvement 

of function as well as cosmetics. The most common surgeries performed for spastic cases are 

(Kraft & Shah, 2006): 

 Achillies tedon lengthening: to correct the plantarflexion deformmity 

 Splint anterior tibial tendon transfer (combined with the baove)- to correct equano-

varus deformity  

 Subtalar fusion or triple arthrodesis: it's rarely used, but improves cosmesis 

 Adductor tendon section: done in bed ridden patients, to relieve adductor spasticity 

and allow a better perineal hygiene  

 

      To summarise the above, optamising management of spasticity can have a dramatic 

impact on the QoL through reduction of pain, weakness and muscle inefficiency (McNalley & 

Haslekorn, 2008). The need of a multi-dimentional evaluation to investigate the interplay 

betweeen spasticity and functional mobility before selecting the best rehabilitation approach is 

of most importance (Feys, 2008). For this an inter-disciplinary team is crucial.   
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4.3.3 Pressure ulcers 

      Patients who are bed-bound or confined to a wheelchair are at risk of skin breakdown, 

cellulitis, pressure (decubitus) ulcers and osteomyelitis. The risk is increased in the elderly 

and in those with poor nutrition, altered mental status, chronic immobility and diabetes. 

Decubitus ulcers are often seen over body prominences such as the sacrum, ischium, hip, 

heels, elbow and base of the skull. They are best prevented and treated by attention to the 

following key principles: mobilisation, repositioning, pressure management devices and 

keeping the skin clean and dry (Noseworthy, Miller, & Compston, 2005). 

      Chronic immobilised patients must be turned regularly (every 1-2 hours). The skin over 

sites at risk should be kept dry through the control of continence and perspiration in skin-

folds, and inspected regularly to watch for impending breakdowns. Lotions should be applied 

to moisturise dry skin, and transparent adhesive film dressings that reduce surface tension 

should be used to help minimise friction and shear skin injury. Paraplegic patients also benefit 

from proper cushions and mattresses including pressure relieving devices (low air loss or air-

fluid mattresses). Moreover, careful attention to nutrition and hydration enhance would 

healing as well (Noseworthy, Miller, & Compston, 2005).  

      Another aspect of ulcer prevention is early identification of infection. Antibiotics could be 

used for prophylactic measures. Any necrotic skin should be excised and the formation of 

granulation tissue should be encouraged by keeping the wound moist either by using saline 

gauze dressing (changing the dressing at least 3x/day) or occlusive dressing (gels, colloids, 

biomemembranes or polymer films). In severe cases, wide excision and covering the ulcer 

with mucocutaneous flap may be needed for closure (Noseworthy, Miller, & Compston, 

2005).  

      It is important for the inter-disciplinary team to check for pressure ulcers and refer to the 

appropriate health professional for treatment, as it acts as a nociceptive input that result in an 

increase of spasticity (Kraft & Shah, 2006).  

  



35 
 

4.4 MS related disturbances of brainstem function 

4.4.1 Ataxia and tremor  

      Studies show that one of every five MS patients experience ataxia and tremor in some 

form during the course of their disease and in turn greatly affect the patient's QoL (Koch, 

2009). The basis of these symptoms is an unco-ordination of muscle movement and a 

resultant of unsteady action of limbs due to cerebellar damage (Murray, 2009). The most 

disabling disturbance is wide-amplitude proximal upper limb and head tremor, interfering 

with all skilled movements (such as writing, typing and using cutlery). The basis of disruption 

is between the dentate nuclei and contra-lateral thalamus in the superior cerebellar peduncle 

or red nucleus (Noseworthy, Miller, & Compston, 2005).  

      Another major problem that MS ataxic patients show is an inability to make movements 

which require groups of muscles to act together in varying degrees of co-contraction. The 

difficulty is observed during gait, as the single-stance phase requires the co-contraction of 

agonists and antagonists in order to support body-weight, whilst at the same time a co-

coordinated change in the relative activity of the muscles is needed to move the body weight 

forward (Stokes & Stack, 2011). Further exacerbating factors for ataxia and tremor are 

anxiety, hot temperatures and excessive physical exertion (Kraft & Shah, 2006).  

Assessment of ataxia and tremor 

      The section for rating the cerebellar involvement in the expanded disability status scale 

(EDSS) could be used to assess ataxia and tremor (Murray, 2009). Furthermore, table 7 shows 

simple examinations to assess ataxia and tremor within different body parts. 

 

Table  7: evaluation of ataxia and tremor within different body parts (Alusi, 2009)  

Tremor (0-10 scale) Ataxia (0-4 scale) 
Arm 

tremor 
 Finger-to-nose 

test 

 Drawing spirals  

Arm 

movements 
 dysdiadochokinesis 

Head 

tremor 
 Is a 'yes-yes' type 

of tremor. The 

tremor stops 

when the head is 

rested (e.g. in 

lying position) 

Stance and gait  Assessing the ability to 

stand with or without 

assistance. 

 Measuring the distance 

and speed with or 

without assistance use  

Trunk 

tremor 
 Accompanies 

head tremor and 

is obvious when 

the patients is 

standing or 

walking 

Eyes  Looking straight ahead 

and in different 

directions,  and 

checking for 

nystagmus 

Leg 

tremor 
 A postural type of 

tremor, so it is 

testing  when 

lying down, and 

Speech  Dysarthria  
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asking to hold the 

leg up 

Voice 

tremor 
 It's an essential 

tremor, and is 

testing by asking 

to sing a note  

  

 

Management of tremor and ataxia 

For simplicity of explanation, the management is categorised into 3 means: 

a) Pharmacological  

      The use isoniazod is the most effective option of treatment, with a dose of 

1200mg/day. Cannabis-based medicine and baclofen are two drugs that have shown 

that they have no effect on ataxia and tremor (Mills R. , 2009). 

 

b) Rehabilitation 

      The aim of rehabilitation for ataxic patients is to counteract the postural and 

movement adjustments made in order to encourage postural stability and dynamic weight-

shifting, and to increase smooth co-ordinate movements. This is essential for preventing 

unnecessary inactivity and dependency, and further reducing the risk of falls (Stokes & 

Stack, 2011). Table 8 shows the assessment and treatment approaches for patients with 

ataxia. The following are techniques that can be performed in a clinical setting for the 

management of both tremor and ataxia (cerebellar dysfunction).  

- Immobilisation  

      The use of splints and braces across a joint for the purpose of stabilisation; 

reduces the random movements caused by tremor. Positioning of the brace 

depends on the action that needs to be performed. For example, a brace can be 

used at the ankle or the foot to provide stability in standing; or applied to the 

wrist, hand or arm for eating, writing and other similar tasks. Immobilisation 

can also be achieved by bracing the arm close to the body to provide more 

efficient motor control (Mills R. , 2009).  

      As for the orthotics, those made using a Lycra-based stretch fabric are 

helpful to achieve a close fit. The effect of the close fit is the added increased 

pressure on certain muscle groups, and thus improved proprioception, leading 

to better awareness of the affected part of the body. However, up to date there 

are no specific evidence from MS trials that concurs this theory (Mills R. , 

2009).  

 

- Weighting  

      This is based on the principle that more muscles will be recruited to 

stabilise a distant part of the body. Items such as weighted utensils, cups and 

writing instruments are available commercially and should be used (Mills R. , 

2009). Loss of co-ordination as a result of upper limb intentional tremor can 
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also be managed by partial physical restraint using weights of around 4kg on 

the distal segments (Kraft & Shah, 2006) (Noseworthy, Miller, & Compston, 

2005). 

 

- Cooling  

      Cooling of the upper limb is shown to bring about cooling-induced 

reduction of the proprioceptive afferent inflow, most probably of group I 

spindle afferents, and thus reduces postural tremor of patients with cerebellar 

dysfunction- such as tremor and ataxia (Quintern, Immisch, Albrecht, 

Glasauer, & Straube, 1999). The reader is referred to section 5.2.6 where 

cooling is described in detail. 

 

- The use of adapted equipment or assistive devices  

      The most practical management of ataxia is broadening the base of support 

with a cane, crutch, or a walker for greater stability (Kraft & Shah, 2006). This 

is because the patients can ambulate with the hips remaining in flexion, thus 

eliminating the need to effect a coordinated change from hip flexion to 

extension while bearing weight through the stance leg (Stokes & Stack, 2011). 

If not sufficient, then the need of substituting bipedal locomotion by a scooter 

or a wheelchair should be discussed (Kraft & Shah, 2006).  

      Examples of adapted equipment include large handles on doors and 

cooking utensils, zippers rather than buttons on clothes, non-slip pads under 

plates, hand-free or voice-activated devices. The purpose of these aids and 

modifications is to help the patient continue with normal activities of daily 

living (ADL) with as much independence as possible (Mills R. , 2009).   

 

- Strategies aimed to reduce the risk of falls 

The following are strategies that may enhance stability during common fall-

related activities (Stokes & Stack, 2011): 

 Tripping: installation and use of stable support around known tripping 

hazards; optimising dorsiflexion and remembering heel strike; always 

having one free hand for saving reaction (not to occupy both hands) 

 Turning: visualising and following wider arcs and not tight turns; 

slowing down and pausing between walking and turning 

 Reaching: reaching forward using a visual guidance; reaching with one 

hand while using the other for support; keeping both feet planted firmly 

on the floor when reaching 

 Transferring: pausing between movements; using support 

 Walking: using well-maintained aids; planning the route from A to B; 

concentrating and focusing 

 Washing and dressing: sitting down for stability particularly when 

vision is obscured 
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 The external environment: avoiding poor lighting; ensuring the use of 

decent chair and bed height; ensuring that the floor surfaces are not 

cluttered; using grab rails wherever available 

      With a patient at a high risk of falling, it may be useful to sketch the layout of their home 

and mark in the sketch the environmental hazards and hazardous activities that are avoidable 

(Stokes & Stack, 2011).   

 

c) Neuro-surgical interventions 

      Thalactomy or deep brain stimulation is indicated in severe cases, when all other 

options have been exhausted. However, these procedures have a high risk of 

haemorrhaging, stroke or even death; furthermore the effect lasts only 6 months with 

no great improvement of overall disability (Mills R. , 2009).  

 

Table  8: assessment and treatment approaches for patients with ataxia (Stokes & Stack, 2011) 

Predominant 

problem 

Dysfunction Aim of treatment 

Maintaining 

equilibrium 

Weight-bearing and 

weight transfers  
 Increase postural stability 

 Enhance control of the 

centre of gravity (CoG) in 

weight-shifting 

 Maintenance of control of 

CoG during movement 

from one position to 

another 

 Progress from a wide to a 

narrow base of support 

Co-ordination of 

dynamic movement 

Patterns of movement  Enhance smoothness of 

control of movement 

patterns 

 Progress from simple to 

complex patterns 

 Progress from fast to 

slow movements  

Located in body axis 

and trunk 

Gross body movements  Independent and free 

head movement 

 Increase control of 

movement to, from and 

around the body axis 

 Encourage movement of 

joints in relation to the 

body axis 

 

Located in limbs Voluntary body 

movements 
 Enhance proximal limb 

stabilisation 

 Encourage co-ordinated 

activity of agonists and 

antagonist  



39 
 

 Progress from large-range 

to small-range 

movements 

 Reduce the requirement 

for visual guidance of 

movement 

 

      To summarise the above, the evaluation of tremor and ataxia in rehabilitation should 

include a descriptive clinical signs, an assessment of the severity of the problem as well as the 

impact of these symptoms on the daily functioning of the person with MS with regards to 

personal care, domestic activities and participation in the community. The management 

should reflect improvement of the above measured factors (Mills R. , 2009).  
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4.4.2 Swallowing, dysarthria and other manifestations   

      30% of MS patients are diagnosed with respiratory dysfunction interfering with voice and 

speech production. This is why early respiratory training is important, and it should include 

ventilation as well as active and passive mobilisation exercises to maintain the vocal process 

(EMSP, 2004).  

 

Dysarthria:   

      About 40-60% of patients with MS have speech problems (EMSP, 2004). Evaluation of 

speech generally involves an articulation test in which a speech-language pathologist asks the 

individual to produce words and sentences using all of the sounds of the person's native 

language to assess whether or not they are produced correctly. The pathologist defines the 

range of lip, tongue, soft palate, pharyngeal and laryngeal function. Further evaluation of 

voice quality, laryngeal function, palatal movement and frequency of speech is made 

identifying the dysfunction either as central or as peripheral pathology (Logemann & Sundin, 

2006).  

      If alternative communication systems are needed, the pathologist may recommend 

appropriate instruments and provide training in its use. For example, the use of spelling 

boards or computer-assisted communication programs (Noseworthy, Miller, & Compston, 

2005). It is needless to say that the collaboration of the speech-language pathologist with the 

patient, the family, nurses, physicians, dietitians and others on the care team is crucial 

(Logemann & Sundin, 2006). 

 

Dysphagia:  

      Swallowing disorders affect more than 30% of MS patients varying in severity (EMSP, 

2004). Evaluation includes questioning if the patient has any difficulties during eating or 

drinking (especially if certain types of food create more or less discomfort at various times of 

the day), a clinical assessment of the oropharyngeal area or an X-ray image of the area. Extra 

habits such as putting the chin down or pushing hard while swallowing are also noted 

(Logemann & Sundin, 2006).   

      The common disorders include a delay in triggering the pharangeal stage of swallowing; 

resulting in the food/liquid dropping into the pharynx before pharangeal motor actions have 

began. The patient may aspirate and not cough. Secondly, there may be a reduced laryngeal 

elevation, which leads to a reduction in opening of the valve in the esophagus and reduction 

of movement at the base of the tongue. This causes food to be left behind in the pharynx 

(Logemann & Sundin, 2006). 

      Management of these issues include focusing on the improvement to trigger the  

pharyngeal swallowing by heightening sensation before swallowing, using exercise programs 

to improve laryngeal lifting and tongue base action. Changing of head or body positions to re-

direct the flow of food, changing textures and consistency of food are also efficient ways of 

self-management (Logemann & Sundin, 2006). 

 

      To summarise the above, the primary goal of treatment is to facilitate the active 

communication and participation of the patient in his/her daily social and professional 
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activities; factors which contributes towards QoL. Teaching compensatory techniques along 

with providing information to patients, family and caregivers is important (EMSP, 2004).     
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4.4.3 Pulmonary complications  

       There are several situations in which patients with MS face significant pulmonary 

complications, especially patients who are non-ambulatory. This potentially life-threatening 

complication should be remembered in the management of quadriplegic patients. 

(Noseworthy, Miller, & Compston, 2005). Table 9 shows patterns of respiratory involvement 

with MS. 

 

Table  9: patterns of respiratory involvement with MS (Noseworthy, Miller, & Compston, 2005) 

Abnormality Anatomic localisation Clinical findings at 

bedside 

Paralysis of voluntary 

respiration  

Bilateral cortico-spinal 

tracts, brainstem or upper 

cervical cord 

Unable voluntarily to 

increase tidal volume or 

hold breath, automatic 

respirations intact 

Paralysis of automatic 

respiration 

Dorsomedial medulla, 

nucleus ambiguous and 

medial lemnisci 

Apnoea during drowsiness, 

normal voluntary control 

of respiration while awake 

Diaphragmatic paralysis 

(unilateral or bilateral) 

Upper cervical cord (C1-

C4 level) 

Paradoxic movements of 

the chest wall and 

abdomen, use of accessory 

muscles, orthopnoea 

Apneustic breathing 

preserved 

Lower brainstem Inspiratory apneusis, 

voluntary control between 

episodes 

Paroxysmal 

hyperventilation 

Lower brainstem Apnoeic pauses after 

hyperventilation with or 

without bulbar 'tonic 

spasms' 

Obstructive sleep apnea Tegmentum of medulla Snoring, sleep apnea, with 

or without hiccups 

Neurologic pulmonary 

oedema  

Medulla in region of 

nucleus tractus solitaries 

and floor of fourth 

ventricle  

Pulmonary oedema 

without signs of heart 

attack  
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4.5 MS related disturbances of nerve conduction 

4.5.1 Paroxysmal pain 

      These symptoms are characterised by sudden and brief episodes, usually occurring during 

an exacerbation and often triggered by movement or sensory stimuli. It results from 

spontaneous discharge in partially demyelinated axons between neighbouring fibres. They are 

the most satisfactory symptoms to treat, although they are poorly recognised features of MS. 

The symptoms may manifest as an emotional crisis, transient ischemic attack (TIA) or 

epilepsy. The anatomical basis of these symptoms may be more distributed within the CNS. 

Treatment is done on the bases of administering medication; a summary is found in the 

appendix (Noseworthy, Miller, & Compston, 2005). Note: trigeminal neuralgia and 

Lhermitte's sign are both paroxysmal type of pain; however it is described in the section 

below as a part of overall pain experienced in MS. 

4.5.2 Non-paroxysmal pain 

      Pain is a sensory symptom directly related to two occurrences; the disruption of central 

nervous myelin and the effects of disability (Maloni, 2007). This symptom complex should be 

evaluated carefully, that is to say, the patients premorbid personality, the social situation, co-

morbidity (depression, insomnia or diabetic neuropathy), and the willingness to participate in 

a comprehensive pain management strategy should all be taken under consideration. 

Furthermore, difficult or threatening home situations should be identified and addressed as 

well (Noseworthy, Miller, & Compston, 2005). 

 

Types of MS pain 

Neurological pain: 

There are 4 types of neurological pain experienced by MS patients. These are (Solaro, 2007): 

a) Dysesthetic pain 

This is described as constant, symmetric or asymmetric burning sensation, usually 

effecting distal lower extremities, with some degree associated with sensory loss. 

Tricyclic anti-depressants or anticonvulsant medications are used for treatment.   

b) Trigeminal neuralgia (paroxysmal) 

This is probably the most widely recognised pain syndrome in MS. It's characterised 

by paroximal, episodic facial pain which occurs in the area of the trigeminal nerve 

often triggered by touch, chewing, shaving or even a light breeze. Trigeminal 

neuralgia in MS differs in that it is often bilateral, and tends to occur at a younger age. 

Anticonvulsant medication is used, and if this fails, then neurosurgical procedures are 

prescribed. 

c) Painful tonic spasms  

These spasms are described as cramping and/or pulling pain that can affect both upper 

and lower extremities, but is most common on the lower. The spasms are triggered by 

movement or sensory stimuli, often occurring at night. Anti-spastic medication is 

used. 

d) Lhermitte's sign (paroxysmal) 
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This is short-lasting paroxysmal pain, radiating down the spine to the lower 

extremities triggered by flexing or extending the neck forward, and the prevalence in 

MS is about 40%. Caramazapine is the drug of choice for treatment.  

 

      Recently, the Neuropathic Pain Scale (NPS) has been validated to be a useful tool in the 

assessment of neuropathic pain in MS patients and possibly in measuring outcomes of 

therapeutic interventions (Rog, Nurmikko, Friede, & Young, 2007). A copy of the NPS is 

found in the appendix (Benzon, 2005). 

 

Other causes of pain: 

      Mechanical stressors, in the form of improper fitting, inadequate orthoses or poorly fitted 

wheelchairs can be a source of pain (Noseworthy, Miller, & Compston, 2005). The use of 

wheelchairs can either directly cause secondary forms of pain resulting in contractures, flexor 

spasms, or indirectly cause pain by UTIs or pressure ulcers (Kesselring & Beer, 2005).  

      Musculo-skeletal or neuro-muscular dysfunctions such as shoulder and trochanteric 

bursitis, epicondylitis, cervical and lumbar spondylosis, entrapment neuropathies, overuse 

injuries, and other ligamentous and arthritic conditions could be primary or secondary causes 

of pain (Noseworthy, Miller, & Compston, 2005).  

 

Management of pain 

      The most common principles of pain management is through pharmacological 

interventions, behavioural interventions (relaxation, meditation, imagery, hypnosis, 

distraction and biofeedback), physical interventions (heat, cold or pressure application, 

physical therapy modalities, massage, acupuncture, yoga, tai chi) or surgical interventions 

(regional nerve blocks, rhizotomy, cordotomy and Gamma knife radio surgery) (Maloni, 

2007). 

 

      The aim of physiotherapeutic intervention (the third principle described above) is 

maintenance of functional and occupational abilities, as well as prevention of inactivity or 

pain related physical restriction (Elliot & Smith, 2009). Management of acute pain could be 

done by the use of physical modalities such as transcutaneous electrical nerve stimulation 

(TENS). It appears that high rate TENS selectively stimulates the low-threshold, large 

diameter A beta fibers, resulting in presynaptic inhibition within the dorsal horns, either 

directly though the gating mechanism or indirectly through stimulation of the tonic 

descending pain-inhibiting pathways (Burke-Doe, 2013).  

      Moreover, one pilot study concluded that TENS caused a reduction in MS spasticity 

(Armutlu, Meric, Kirdi, Yakut, & Karabudak, 2003). Yet another randomised controlled trial 

found that eight hours of TENS per day with parameters set at 100 Hz and 0.125ms pulse 

width led to a significant reduction in muscle spasm and pain, but not spasticity (Miller, 

Mattison, Paul, & Wood, 2007).  

      Point stimulation has also shown effective results, the therapy includes stimulation of 

acupuncture points that in fact correspond to locations of trigger points; these points are tight, 

elevated bands of tissue that are extremely sensitive when palpated and have a characteristic 
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pattern of radiation to remote regions of the body (Burke-Doe, 2013). The reader is referred to 

section 5.2.14 where physical therapy modalities are discussed in detail. Biofeedback can also 

be used for reduction of pain (Burke-Doe, 2013). Once again, the reader is referred to section 

5.2.14 where physical therapy modalities are discussed in detail. 

      Cryotherapy also reduces pain, inflammation and edema and muscle spasm locally in the 

area of application. Cooling impairs the conduction velocity of nociceptors and may therefore 

block pain signals. Yet it should be used with caution in people with MS since cold 

insensitivity may put the person at risk of tissue damage (Nadler, Weingand, & Kruse, 2004). 

The reader is referred to section 5.2.6 where cooling is discussed in detail. 

      Furthermore, exercise is an important component of chronic pain management, 

specifically aerobic exercise. When possible, it assists with pain control and improves mental 

health through the release of endorphins (Elliot & Smith, 2009). The reader is referred to 

section 5.2.1 where physical activity and exercise is discussed in detail. 

      Myofascial release and joint mobilisation can also be used for pain management. 

Myofascial release is used to release the built-in imbalances and restrictions within the fascia. 

Joint mobilisation consists of passive oscillations that restore normal accessory movements. 

Further the rhythmic repetitions provide pain relief through spinal gating mechanisms. The 

technique is broken down to 5 grades, yet grade I and II oscillations are used to achieve relief 

of pain, making them the choice for subacute conditions. Surprisingly, therapeutic touch has 

also been effective in treating painful conditions resulting from anxiety and tension (Burke-

Doe, 2013). 

      Body scanning could also be used; it's a technique that endeavours to separate the 

individual from the pain. During the session, the patient is taught to reach a meditative state, 

then focus attention on each body area, one area at a time. The patient is instructed to breathe 

into and out from each area, releasing more deeply with each exhalation. When the area is 

completely relaxed, the patient is asked to let go of the region and dwell in the stillness for a 

few beats before continuing. Painful areas are scanned in an identical manner as non painful 

areas. The patient notes (but does not judge) changes in sensation, thought and emotions 

during scanning of each area (Burke-Doe, 2013). 

      Likewise, humor has been found beneficial for both acute and chronic pain management. 

Laughter increases blood oxygen content by increasing ventilation, enhances arterial and 

venous circulation resulting in more oxygen and nutrients being delivered to tissues. The 

concentration of circulating antibodies is increased as well. As little as 10 minutes of belly 

laugher a day has been found to decrease the erythrocyte sedimentation rate and provide a 2 

hour of pain-free sleep. Finally laughter releases energy and emotional tension and is 

followed by generalised muscle relaxation (Burke-Doe, 2013).  

       

      Behavioural therapy (the second principle described above) will be elaborated further; 

since psychosocial factors have significant impact on the experience of pain and its effects on 

life. These factors include one's emotional reaction to pain and how one thinks about or deals 

with pain (Ehde & Stoelb, 2007). 

      Relaxation techniques include deep breathing, warm baths, music, meditation and prayer. 

These help due to the repeated relaxation of muscles that are normally tense; thus relieving 

pain. Patients vary in the ability to relax, and therefore it is advised to try many types of 
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relaxation techniques to find the one that is best for the individual. It is also advised to start 

with the guidance of a professional (Ehde & Stoelb, 2007). 

      Deep breathing is the basis of almost all relaxation techniques. The breathing should be 

done through the nose, trying to cause a rise in the abdomen, followed by a brief pause, and 

then exhaling through the mouth. Calming words could be said quietly while breathing. For 

efficient effect, it should be practiced for about 20 minutes a day (Ehde & Stoelb, 2007).   

      Furthermore, cognitive behavioural therapy could be used. It involved teaching patients 

how to change their pain-related thoughts and behaviours in order to reduce pain and its 

associated suffering (Ehde & Stoelb, 2007). 

      Moreover, self-hypnosis therapy has shown to help in the management of both acute and 

chronic pain (Ehde & Stoelb, 2007). During the therapy, the patient enters a state in which the 

body and conscious mind are deeply relaxed while the subconscious mind remains alert, 

focused and open to suggestions. This effect has been demonstrated physiologically by EEG, 

which showed an increase in the number of theta waves, which are associated with enhanced 

attention. When a hypnotised individual is given a suggestion that is in alignment with his or 

her existing belief system, it is accepted by the subconscious mind as reality. The suggestion 

is not filtered through the conscious mind, which is critical and judgmental. Therefore, 

hypnosis allows the individual to bypass their critical beliefs (Burke-Doe, 2013). Training 

should be done by a professional experienced in its use for pain (Ehde & Stoelb, 2007).  

       

      Lastly, yet an important topic of discussion, is that it is estimated that about 15% of MS 

patients use cannabis on a regular basis for pain management. Human cannabinoid receptor 

(CB1) is found in pain pathways outside the CNS, and is thought to be involved in the 

cannabinoid-induced analgesia (Vaney, 2007). Since 2002, there have been a number of large 

randomised controlled trials of cannabis-based medicine in MS, predominantly exploring their 

effects on spasticity and neuropathic pain. A summary of these articles are found in the 

appendix. At present the results of large clinical trials in MS have not provided the clarity that 

many have hoped for, and future trials are still needed (Rog, 2010). 

 

      To summarise the above, these painful symptoms have a great impact on the person's 

QoL, and therefore require early intervention (Solaro, 2007). Optimal patient management 

requires accurate diagnosis and involvement of the patients and caregivers in the treatment 

plan (Noseworthy, Miller, & Compston, 2005). 
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4.5.3 Heat sensitivity and Uthoff's phenomenon 

      Heat tolerance is a common problem faced by 80% of MS patients. Body cooling is the 

most efficient way of rehabilitating this symptom; this is done by either passive or active 

means (Kraft & Shah, 2006).  

 

The mechanism of cooling 

      Studies have shown that active cooling in MS patients results in significantly lower 

concentration of NO (NO2 being the diffusible gas entering the CNS and causing conduction 

block in demyelinated axons). Therefore the cooling systems described below provide 

symptomatic relief by providing a decrease in leukocyte nitrite production, and thus lowering 

the production of NO. A second factor also contributes to the mechanism of cooling, and that 

is the presence of hormonal changes, particularly a rise in norepinephrine (related to 

vasoconstriction) and a modest decrease in thyroid stimulating hormone (TSH) (Kraft & 

Shah, 2006).  

 

Types of passive cooling vests (Kraft & Shah, 2006): 

a) Gel-ice: it's a mixture of starch and water that has a similar cooling property as ice 

when frozen 

b) Phase change material: a paraffin material that freezes between approximately 13°C-

18°C, it can be cooled in ice water by conduction or in a freezer by convection 

c) Evaporative material: this is a 3 layer composite that evaporates water that is stored in 

the central layer through wicking. 

 

      The active type of cooling is a mixture of distilled water and propylene glycol, which is 

circulated through a refrigerating unit and tubes embedded in a vest. The cool fluid extracts 

heat from the patient and dissipates it in the unit (Kraft & Shah, 2006). The reader is referred 

to section 5.2.6 where cooling is discussed in detail. 
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4.6 MS related psychological and psychiatric dysfunction 

      The disease course of MS is very unpredictable, and the person's own personality of 

optimism or pessimism influences their QoL, their health and how they actively participate in 

the management of their disease. Balancing hope and realistic expectations is very important. 

Hope plays an important role in coping with any illness; it’s a source from where those 

affected draw their strength, optimism and energy. Yet they have to be within expectations, 

otherwise disappointment could bring about drastic measures. This could be avoided through 

appropriate measures, such as interventions by psychologists, psychiatrists, 

neuropsychologists and counselors in the inter-disciplinary team (Strittmatter, 2004). Once 

the symptoms listed below are managed successfully, it brings about drastic improvements in 

patient QoL (Noseworthy, Miller, & Compston, 2005). 

4.6.1 Mood disorders (depression, euphoria, pathological laughing or crying/pseudo-

bulbar effect) 

      Regarding the mechanism of depression in MS, the consensual view favours multi-

factorial origin, including genetics, immunological and psychological factors. Correlation was 

found between depression and brain inflammatory markers, evidenced by the presence of 

gadolinium-enhanced lesions in brain MRI and of pleocytosis in the CNF. In addition, the role 

played by genetics and perceived psycho-social stressors have also been reported (refer to the 

stress section below) (Jose Sa, 2008).  

      Depression has also been attributed as a direct symptom of the disease itself. For left 

hemispheric lesions, the depression is associated with lesions in the arcuate fasciculus and in 

the medial orbito-frontal regions, and with perfusion asymmetry in the limbic system with 

higher cerebral flow in the left than on the right hemisphere. On right hemisphere lesions 

however, depressive symptoms were associated with frontal lesion load and with temporal 

brain volume. Yet the identification of specific brain locations to underpin depression in MS 

is yet not complete (Jose Sa, 2008). 

      There are two relationships associated with depression that are under investigation. That is 

the relationship between depression and fatigue in MS, and the relationship between 

depression and cognitive functioning. Therefore it is crucial for the psychological assessment 

to be thorough and complete (Jose Sa, 2008). 

      Assessment is done by a psychologist or a psychiatrist, and due to the chronic progressive 

and unpredictable nature of MS, this intervention should be concluded at different stages of 

the disease. Offering early intervention will results in an increased QoL and decrease the need 

for later interventions (EMSP, 2004). 

      The management program must be tailored for the individual, and the first step is 

identifying depression and overcoming the stigma related to it. Secondly the treatment is built 

on using anti-depressive medication, along with counseling in the form of psychotherapy; 

using techniques such as cognitive behavioural therapy. This technique attempts to identify 

and address distortion in the way that the person perceives themselves and the world (Silber, 

2004).   
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4.6.2 Cognitive disturbances 

      The high frequency of cognitive changes in MS is well recognised, affecting 40-60% of 

patients and have significant impact on social and occupational functioning, with a negative 

impact in daily QoL (Jose Sa, 2008). The most affected cognitive functioning in MS are 

memory, learning, attention and information processing (Kraft & Shah, 2006).  

      Neuro-cognitive rehabilitation by a neuro-psychologist should be offered whenever 

cognitive deficits are present and whatever the severity (EMSP, 2004). This cognitive deficit 

may have an impact on important personal, domestic, professional and financial decisions. 

Furthermore this intervention is important to ensure safety and limit the chance of personal 

injury at home for example from cooking, smoking or domestic hot water (Noseworthy, 

Miller, & Compston, 2005). Figure 7 shows some strategies that could be used at home to 

manage cognitive deficits.   

      Compensation is needed when there is a gap between the expected level of functioning 

and the actual level. Compensation consists of 4 elements (EMSP, 2004): 

- Remediation: direct training of a reduced function  

- Substitution: using other methods to achieve the same result 

- Adaptation: to adjust one's own goals and expectations to actual level of 

functioning (coping) 

- Assimilation: to adjust other people's expectations to the actual level of 

functioning (informing the significant others, caregivers, society, employers, 

etc...) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: strategies that could be used at home to manage cognitive deficits (Jose Sa, 2008) 
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      The use of neuro-psychological interventions has in fact shown to improve the 

progression of cognitive dysfunction in MS as a result of neuroplasticity. The reader is 

referred to section 7 Future for an overview of cognition and brain plasticity.  
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4.6.3 Anxiety 

      Anxiety is less investigated than depression in MS, and its prevalence widely varies from 

19-90%. Some studies have shown that anxiety is even more frequent than depression and 

mood changes in MS. The co-morbidity of anxiety with depression in MS has been associated 

with increased rates of suicidal ideation compared with patients with little or no anxiety (Jose 

Sa, 2008). No studies were able to find a significant correlation as concerns with anxiety 

having specific brain locations. In addition, a specific condition to anxiety in MS has emerged 

after the introduction to self-injectable immunomodulatory drugs. These have been reported 

and termed as self-injection anxiety which affects 50% of MS patients. A thorough 

psychology evaluation and assessment is required to help the patients with anxiety (Jose Sa, 

2008).  

      As mentioned previously, anxiety dramatically influences patient QoL and therefore 

management in the form of psychological or pharmacological intervention is needed (Jose Sa, 

2008).  
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4.6.4 Stress 

      Stress is considered to be some kind of change in an individual's life. If inadequate and 

chronic, stress results in psychological and biological dysfunction. Many studies have been 

done in respect to stress and its rate of relapses on MS, yet no definite conclusions were made. 

Yet it was agreed on that stress may have either an immune-suppressive or immune-

increasing effect depending on its duration and intensity (Jose Sa, 2008).  

      The patho-physiology of the relation between chronic stress and relapse may be explained 

by the hypothesis of glucocorticoid resistance, in which it causes a down-regulation of 

glucocorticoid receptors on the immune cells secondary to chronic stress, thus decreasing the 

capacity of the hypothalamic-pituitary-adrenal axis to control inflammation (Jose Sa, 2008). 

      It's important that people with MS are not encouraged to make important changes in life 

based on the notion that stress worsens MS and therefore should be avoided. Rather, strategies 

for reducing stress, is recommended for maintaining a positive QoL. Some examples include 

physical activity, pursuing a hobby, relaxation techniques and counseling (Strittmatter, 2004).   
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4.7 MS related visual loss  

      Visual symptoms in MS often persist after optic neuritis, manifesting in reduced colour 

intensity, loss of edge definition and depth perception (Noseworthy, Miller, & Compston, 

2005). The presence of scotoma, photophobia, visual fatigue and intermittent diplopia might 

also occur. These signs are responsible for a high inconvenient and deterioration of the 

patients QoL (Demaille-Wlodyka, Donze, Gallien, & Group, 2011).  

      The objectives of rehabilitation are the evaluation of the visual perception, and optimising 

the conductions that are favourable towards better visual perception (Demaille-Wlodyka, 

Donze, Gallien, & Group, 2011). 

      For patients with diplopia, prism lenses are often a great help. The lenses should be either 

temporary or grounded into glasses providing the deviation less than 40 prism dioptres. It's 

less common, yet botulinum toxin could be injected into the extra-occular muscles, and this 

may temporarily restore muscle imbalance or reduce the amplitude of persisting nystagmus 

for patients with persistent diplopia. Extreme bilateral, persistent visual loss from irreversible 

optic neuritis is common in MS. However, persistent hemianopia and cortical blindness is 

rare, yet possible (Noseworthy, Miller, & Compston, 2005).  

 

This section will include common visual dysfunctions that could rise in MS, and interventions 

that could be done in a rehabilitative setting. 

 

a) Unilateral spatial inattention (Chaikin, 2013) 

      It's a condition in which an individual with normal sensory and motor systems fails to 

orient towards and respond to, or report stimuli on the side contralateral to the cerebral lesion. 

It is documented to accompany sensory and motor defects such as homonymous hemianposia 

and decreased tactile, proprioceptive and stereognostic perception along with paresis or 

paralysis of the upper limb. 

      The theory behind this condition is thought to be that the lesion disconnects the frontal eye 

fields in the damaged hemisphere from their sensory afferent nerves, resulting in an 

oculomotor imbalance deviating the gaze towards the lesion. This imbalance can be 

compensated for only momentarily by a voluntary effort to gaze toward the opposite 

hemisphere (neglected space). 

      For rehabilitation of this condition, non special aspect of attention called tonic and phasic 

attention and spatial aspects of neglect are used. Tonic attention is intrinsic arousal that 

fluctuates on the matter of hours to minutes and contributes to sustained attention and 

preparation for more complex cognitive tasks. Phasic attention is a rapid change in attention 

in response to a sudden and brief event and is related to orienting responses and selective 

attention. 

      Efforts should be made to increase the patient's cognitive awareness of the inattention. 

The individual should be made keenly aware of what a peripheral visual field loss is and how 

it is affecting her or his view of the world. Pictures of the visual field deficit may be drawn for 

illustration. Actual performance examples in the environment should be pointed out to the 

patient to demonstrate the biased field of view. Visual screening should be emphasised. 
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Initially, the patient should be made aware of how eye and eye-head movements may be used 

to compensate for the deficit.  

      Training may be accomplished with interesting targets held by the therapist, for example, 

targets secured to the tips of pencils, such as changeable letters, coloured lights or bright small 

objects. Pursuits or tracking movements of the target leading the eye from attended into 

unattended space should stressed first, followed by saccades into the unattended space. 

Initially the patient may be allowed to move the head during scanning exercises, however, eye 

movements without head movements should be the major goal. 

      Increased awareness and scanning abilities should be incorporated in increasingly 

complex visual-perceptual and visual-motor tasks. Examples of simple yet specific scanning 

tasks might include surveying a room repetitively, assembling objects from pieces strewn on a 

table or the floor, completing an obstacle course, or selecting letters from a page of large 

print.  

      Scanning should be stressed during functional activities for example, dressing, shaving, or 

moving through the environment. The patient may also be taught to constantly monitor the 

influence of inattention on functional performance. 

      For example, when the patient is reading, a visual marker is placed on the extreme edge of 

the page in unattended space. The individual is instructed not to begin reading until he or she 

sees the visual marker. The marker is used to anchor the patient's vision. As inattention 

decreases, the anchor fades. To control impulsiveness, which often accompanies inattention, 

patients are taught to slow down the pace of their performance by incorporating techniques 

such as reciting the words aloud. Finally, the density of stimuli is reduced. Subsequently, as 

orientation and scanning improve, activities should be moved progressively into the 

unattended space and the therapist should be positioned in the unattended space during 

treatment. 

      If inattention reappears during the activity, the therapist should stop and assist the patient 

in becoming reoriented before the activity is resumed. Inattention results in confusion, and 

confusion increases inattention. The therapist must control the perceptual environment 

continuously so that the patient is able to sequence bits of information together meaningfully 

to learn and relearn. 

 

b) Cortical blindness, colour imperceptions and vision agnosia (visual object agnosia, 

stimultanagnosia, facial agnosia and colour agnosia) (Chaikin, 2013)  

      The therapy is done by increasing the patient's knowledge of where they are fixating their 

vision. A small headlamp attached to the patient's forehead may be used, and the therapy 

room should not be completely dark. The movement of the projected light in the environment 

and kinesthetic input from the neck receptor augment knowledge of where the eye is fixed. To 

carry out the task, the patient must learn to position the eyes in the midline of the head. The 

individual is asked to move the light (i.e. the head and eyes) to locate and discriminate fairly 

large, bright stimuli present on a plain background (e.g. yellow block on a brown table). 

      As acuity and localisation of skills improve, stimuli and background should be made 

smaller and more complex (e.g. paper clip on a printed background or letters printed at 

different locations on a large page). The patient should be encouraged to accurately point to or 

manipulate targets once located with the light or to keep the light on a target as he or she 
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slowly moves the target with one hand. Thus the kinesthetic input from the limb can augment 

visual localisation abilities. 

 

c) Visual-spatial disorders (Chaikin, 2013) 

The patient may present with the following symptoms: 

 Inability to localise objects in space 

 Impaired memory for the location of objects or planes 

 Inability to trace a path or follow a route from one place to another 

 Problems with reading and counting 

 Others include loss of depth perception, problems with body schema, and defective 

judgement of line orientation 

      Therapy should follow basic developmental consideration, progressing from simple to 

more complex. Patients who don't know where they are in space need to internalise a spatial 

understanding before they can make judgments regarding the space around them. In gross 

motor spatial training, patients can be asked to roll and reach towards various targets. 

      Furthermore, with their vision occluded, and in different positions (e.g. sitting, supine, 

prone, sitting and standing), they should try to localise the tactile stimuli (various body 

locations touched by the therapist) and auditory stimuli (snapping fingers or ringing a bell) 

presented above, below, behind, in front of, and to the right and left of their bodies. The 

individual should state where the stimulus is and then point, roll, crawl, or walk towards it; 

this verbal, kinesthetic, and vestibular input augments spatial learning. 

      Functional carryover should always be emphasised, such as having individuals remember 

through visualisation where they put their glasses in the living room before they begin 

searching. Visualisation is defined as the internal seeing of something that is not present at 

that moment: a vision without visual input or internal visual imagery. Visualisation (spatial 

and other) is a part of all perceptual tasks and may be used effectively as a treatment strategy.  

      More complex spatial skills may be taught by asking patients to partition space and then 

localise within it. Activities can progress to drawing plans or larger areas with a number of 

rooms, and should first navigate tactually through the area with a finger. Eventually, they 

should walk or wheel through the route themselves, visualising and repeating the route until 

spatial concepts are learned. This could also be done on maps of cities, states or counties. 

      Moreover, organised visual-spatial exploration (eye movements) during reading or other 

scanning and cancellation tasks may be taught. Number and letter scanning sheets may be 

used for such training. Initially the size of numbers and the spaces between numbers should 

be large; this places less stress on visual acuity while training scanning. Before beginning, 

patients should orient themselves to the page spatially by numbering the right left edges of 

each line. They should then be asked to circle a specific number whenever it occurs. To 

control erratic or impulsive eye movements, they then should underline each sentence. 

      Underlining allows the kinaesthetic and tactile receptors of the arm to control eye 

movements; verbalisation allows the language and auditory systems to influence eye 

movements. In the training activities, it's important that before the activity begins, that the 

patient fully comprehends the total space in which they will work in. It's equally important 

that they reorient themselves at any point where errors occur. 
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d) Visual constructive disorders (Chaikin, 2013) 

      This skill implied a high level of dynamic, organised, visual-perceptual processing in 

which the spatial relations are perceived and sequenced well enough within the component 

parts. This directs higher-level of processing to sequence the perceptual-motor actions so that 

eventually parts are synthesised into a desired whole. Visual-constructive ability may be 

compromised if any part of this process is disturbed. 

      One possible strategy for therapy in this case is known as saturational cuing. The method 

involves presenting controlled verbal instruction on task analysis and sequence and presenting 

cues on spatial boundaries. 

      If there are problems with planning and sequencing of steps necessary to accomplish 

visual-constructive tasks, the therapist should begin with simple tasks that require only 3 or 4 

steps, such as positioning one place setting at a table. The patient should discuss the plan and 

sequence of steps before initiating the activity, while looking at the parts to be used, (in this 

example, at the silverware, plate, and glass). These steps may even be written down for 

additional input. Eventually tasks should increase in complexity (for example, setting a table 

for more people). 

      If problems still exist, the individual may be asked to draw around shapes one by one. 

These shapes should first be a simple 2D design. The patient is then asked to rebuild the 

design with the shapes alone. Therapy should progress from horizontal to vertical to oblique 

designs, from 2D to 3D, and from tasks with common objects to tasks involving abstract 

designs. Simple puzzles may be used to increase visual-spatial abilities during visual-

constructive tasks. 

      Some examples of exercises are wrapping a gift; assembling a piece of woodwork, a toy, a 

tool or a motor; changing a tire on a car; organising a shelf in a library or a kitchen; 

organising a filing system or a cabinet; putting pieces of a sewing pattern together; addressing 

an envelope; rearranging furniture according to a preset plan; assembling a craft according to 

a preset plan; drawing from memory or copy; copying 2D block design and copying a 3D 

design with oblique components. 

 

e) Visual analysis and synthesis disorders (Chaikin, 2013) 

      For this disorder, rehabilitation could be targeted at decreasing the density of the 

displaying objects, increasing spatial contrasts, decreasing figure-ground difficulty, increasing 

light and colour contrast and verbal direction. 

      A practical example is if a patient cannot select a can of vegetables form a kitchen shelf 

stocked with cans of similar size. The therapist may simply change the task to fit that person's 

level of visual discrimination by removing some of the cans (decreasing the density of the 

display), replacing some of the cans with boxes of food (increasing the spatial contrast), 

moving the can to be selected forward or to one edge of the display (decreasing figure-ground 

difficulty), removing the label from the can (increasing the light and colour contrast), or 

giving cues regarding what to search for (verbal direction). This example is not a method of 

compensation but rather an approach to be used therapeutically in slowly building the 

patient's visual discrimination abilities. 

  

Other techniques:  
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      Cooling could not be used as well; a randomised controlled trial was conducted on MS 

patients to explore the effect of cooling therapy on visual symptoms. The study concluded that 

cooling therapy was associated with objective measurable but modest improvements in motor 

and visual function as well persistent subjective benefits (Schwid, et al., 2003).   

      Lastly, there are many aids that assist the patient with visual impairment, the following are 

some examples (Noseworthy, Miller, & Compston, 2005) (Kraft & Shah, 2006): 

 Magnifiers to enlarge text 

 Eye patches for diplopia  

 Telescopes 

 Large-text reading material; non-glare papers in simple solution; the use of verdana 

font in 10-12 points 

 Non-optical devices: playing cards, audio-taped books, software for computers, 

reading stands and lamps 

 Programs for visual-perceptual training: Home Therapy systems; Visual perceptual 

diagnostic testing and training programs; Captain's log cognitive training system; 

Psychological software service programs, Life science associated programs, Life 

science associates and Point Science (Chaikin, 2013)   

 

      Ophthalmologists and optometrists are able to offer appropriate assistance often working 

together with other health professionals. Furthermore, it is important to evaluate whether the 

person with MS is safe to operate a motor vehicle in regards to visual disturbances. It is 

needless to say that additional complex cognitive assessment is also necessary, for example 

attention, visuo-spacial processing, executive function, memory and learning. This is essential 

for maintaining a high level of patient QoL (Noseworthy, Miller, & Compston, 2005).     

     

      To summarise the above, visual dysfunction and loss is a common symptom in MS, and 

so the inclusion of ophthalmologists and optometrists in the inter-disciplinary team is crucial 

for the provision of comprehensive care. Thus positively effecting QoL of patients diagnosed 

with MS (Noseworthy, Miller, & Compston, 2005). 
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4.8 Further integrated and essential rehabilitation 

In the following section, topics that are often neglected yet affecting the patient's QoL will be 

discussed. 

4.8.1 MS and pregnancy  

      Research has proven that long-term course of MS is in fact unaffected by pregnancy and 

most mothers with MS are perfectly able to care for their babies if they are given support. MS 

is not inherited and the chance passing it to the child is very low, between 1-4%. As for 

medication and pregnancy, a discussion with the practitioner is necessary. Generally, steroids 

should be avoided and the patient is advised to discontinue disease modifying drugs such as 

β-interferons or glatimer acetate three months before stopping contraception due to the 

increased chance of spontaneous miscarriage (Ward, 2004). 

      In new mothers with MS, exclusive breast-feeding may significantly reduce the risk of 

postpartum relapses. A recent study has found that the rate of postpartum relapse was 

significantly lower among those who breast-fed exclusively for at least 2 months (30%) 

compared to those who did not breast-feed or began regular supplemental feedings within two 

months of postpartum (87%) (Valeo, 2009). Although most of the woman who avoided 

breast-feeding did so in order to resume MS therapy, the researchers found that the risk of 

relapse was significantly lower among those who restarted therapy within 2 months 

postpartum than in those who did not, regardless of breast-feeding status (Valeo, 2009). 

 

As discussed before, careful planning and support is the ideal strategy when planning for 

pregnancy. The following are some recommendations that could be useful (Valeo, 2009): 

 Eating a healthy diet 

 Taking folic acid before conception and 3 months into the pregnancy 

 Consulting with physician about the medication 

 Not deciding immediately to go for a caesarean section 

 It is acceptable to receive epidural or use TENS for pain 

 Planning with the partner; taking care of the household and the new baby 

 A relapse may occur during the first few months after delivery, and this needs to be 

discussed and planned for 

 Counselling will be useful 

 Planning for fatigue in advance since it may increase during and after pregnancy, and 

can interfere with parenting activities.  
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4.8.2 MS and Nutrition 

      Dietary molecules exert their direct influence on metabolism by modulating the 

expression and the activity of enzymes, hormones, transcription factors ad nuclear receptors 

(Riccio, 2011). Currently, it is hoped that nutritional intervention in MS become more 

frequent in clinical practice, due to the fact that the biological effect of dietary molecules are 

now better understood at a molecular level. Further, nutritional intervention under the control 

of nutritionals and gastroenterologists does not present particular risk (Riccio, 2011).   

      Up to date, the Swank diet has been shown to be successful for MS patients (Swank & 

Goodwin, 2003). Yet, it is also helpful to advise patients on nutrition generally, and for that it 

is useful to understand the molecular bases of diet.  

      The presence of IgA antibodies against gluten and gliadin observed in MS patients may 

indicate an increased gut permeability leading to cross-activity with self-protein. The 

dysbiotic gut microbiota induced by hypercaloric high fat diet leads to a moderate metabolic 

endotoxemia and a systemic low-grade inflammation that may contribute to exacerbation of 

MS symptoms.  

      Moreover, abnormal T cell immunity to several cow milk protein was also observed in 

MS patients. These proteins are the milk fat globule membrane (MFGM protein), and in 

particular butyrophilin (BTN). BTN is very similar to myelin oligodendrocyte glycoprotein 

(MOG); this is the MS candidate auto-antigen, and induces experimental inflammatory 

responses in the CNS. Therefore it is suggested that the consumption of the MFGM proteins 

by MS patients be discouraged.  

 

Specific dietary molecules might be able to counteract inflammation, autoimmunity, oxidative 

stress and angiogenesis associated with MS. They are the following (Riccio, 2011): 

 Antioxidants: Polyphenols and cartenoids; found in vegetables, fruits, spices, herbs, 

soy, tea and wine. The rationale in implementing it in MS diet is based on the finding 

that oxidative stress, in particular the generation of reactive oxygen species (ROS) are 

important components involved in inflammation and neuronal damage. 

 Anti-inflammatory agents.  

 Quecetin: found in onions, apples, citrus fruits and wine 

 Resveratrol: found in red wine, chocolate, peanuts, berries and black grapes 

 Catachins found in green tea 

 Genistein and daidzein found in soy 

 Polyunsaturated fatty acids: found in vegetables, sea food and fish oil 

 Vitamins: D (has an immunomodulatory role in the nervous system). Nicotinic acid, 

B12, E and C are also recommended  

 Magnesium: intake could be beneficial, as it has been found to be adversely 

associated with inflammation 

 Other dietary supplements (Bowling A. C., 2010): 

 Cranberry 

MS associated bladder dysfunction may cause UTI. Cranberry may prevent 

UTIs through its acidity, inhibiting bacterial adhesion to the uroepithelium.  

 Ginkgo Biloba 
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Produces anti-inflammatory and anti-oxidant effects, yet it does not appear to 

be effective for treating MS relapses. In small clinical trials in MS, ginkgo 

improved cognition and fatigue. Safety wise, Ginkgo is generally well 

tolerated. 

 St John's Wort 

It's used for treating depression, but no clinical trials have been done to prove 

its effect on MS-related depression. It may cause photosensitivity and fatigue, 

therefore its use should be considered carefully for MS patients.  

 

*Warning: patients should be warned in regards to immune-stimulating supplements, 

in particularly to Echinacea, since it is potentially dangerous*  

 

      Recent data has demonstrated that low fat diets might have potential to improve the 

subjective perception of physical and emotional disease burden in MS patients, as well as 

being associated with decreasing the number of MS relapses. Further results from a particular 

study imply that low fat diet supplemented with omega-3 polyunsaturated fatty acids may 

complement the beneficial effects of concurrent disease modifying therapies in MS 

(Weinstock-Guttman, et al., 2005).  

      Moreover, caloric restriction is advised; decreasing food intake or applying intermittent 

fasting results in the decrease of the extent of oxidative damage. This in turn is effective in 

slowing the progression of MS (Riccio, 2011). This effect can be complimented through 

endurance exercise. 

      Endurance exercise exerts beneficial effect by targeting the AMP-activated protein kinase, 

which plays an important key role in energy balance in the cell and leads to the suppression of 

ATP-consuming anabolic pathways as lipogenesis and the induction of ATP forming 

catabolic pathways as fatty acid oxidation (Riccio, 2011). 

      

      Some recommendations have been made in the form of low-calorie low fat diets with 

specific dietary supplements in association with moderate physical activity and sunshine. For 

example, a low-fat diet of around 1700kcal/day, eating habit of 5x a day, based on the 

consumption of fish, vegetables and fruits, supplemented with prebiotics and probiotics. 

Water, green and black tea and coffee should also be preferred to sweetened drinks. Anti-

inflammatory and antioxidants along with the vitamins and minerals discussed above should 

be integrated in the diet. Finally patients should avoid or limit the consumption of red meat, 

eggs, saturated (animal) fat, fried food and carbohydrates high in glycemic index (Riccio, 

2011).  
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4.8.3 MS and counseling  

      Counseling is a form of helping an individual to deal with personal problems related to the 

disease that is often absent from conversation with family, friends and some healthcare 

professionals (Gronigen, 2006).  

      The focus for MS patients is mainly coping with the uncertainties and unpredictability of 

the illness. Learning to assess the effects of these changes (both physical and cognitive) on 

daily life, setting priorities for activities and tasks, making therapeutic decisions, 

redistributing responsibilities within the family and making vocational choices are topics 

discussed (Gronigen, 2006).  

      The counselor can also play a role in helping the person rehearse and prepare discussion 

on difficult topics with family members and can provide encouragement and feedback. MS 

counselors can also work with children whose parents have been diagnosed with MS 

(Gronigen, 2006).    
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4.8.4 Employment for MS patients  

      Symptoms of MS that may interfere with work are fatigue, vision, pain, balance, tremor, 

cognitive dysfunction, continence problems and side effects of medication. Furthermore, 

having a relapse while employed can highlight all these symptoms (Westlake, 2012). 

      There is a need for more widespread availability of assistive technology in the workplace 

and the desire for more effective self-advocacy strategies to aid in continuing one's career 

(Rumrill, 2010). For example, availability of wheelchair access or mobility issues, alteration 

of office temperature, a solution to be found in regards to transport to and from work are 

helpful solutions. In some countries, health professionals or MS societies may be able to assist 

people with MS to provide information for their employers (Westlake, 2010).   

      Some patients may wish to disclose their diagnosis to their employers. Some 

considerations to take beforehand are to know the legal rights within the country, and to think 

about the changes that could be made in the workplace, and to seek advice from the local MS 

society (Groetzinger, 2010). 

      Decisions with respect to leaving one's current employment must be based on accurate 

self-assessment of the impact of MS, which often requires feedback from friends, family, 

treating physicians and therapists. The alternative is not necessarily one of unemployment, but 

possibly one of different employment (Roessler, 2010). 

      Person Centered Planning (PCP) is a very helpful approach that develops individualised, 

natural and creative support to achieve meaningful life outcomes based on each person's 

strengths and preferences. This may be used by patients in order to strategise and plan their 

career objectives (Gregurke, 2010).   
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4.8.5 Family and caregivers of MS patients  

      Disturbances of communication, barriers of social, economical, physical and emotional 

levels due to the disease are all factors why it is important to integrate the family and 

caregiver into the patient centered approach (Kalb, 2004). 

      Care-givers are the individuals who assist with the physical, emotional and daily 

management needs of people who cannot take care of all those activities on their own (Miller 

D. M., 2004). It might be necessary for partners who are the care givers to exchange roles in 

their daily lives (Litta, 2004); for children who are care-givers, to have a relationship with 

another adult (other family member) or a teacher who is close to the child (Nabe-Nielsen, 

2004).  

      It is common for caregivers to come along to the medical visits with the patients. This is 

helpful because when new information is given, the patient may not be able to process 

everything by themselves. Yet, sometimes caregivers may become obstacles if they take 

extensive control, for example reply on behalf of the patient or contradict them (Miller D. M., 

2004).  

      Moreover, the risk of burn-out of caregivers is great, especially when they are the main 

outlet of financial support, and taking care of the rest of the family. The caregiver might then 

become neglectful and abusive, which is not acceptable (Miller D. M., 2004). For this reason, 

caregiver's should also be given enough information, support and counseling. The following 

are some recommendations on ways to avoid burnout. 

- Setting boundaries and realistic limits 

- Taking periodic breaks 

- Delegating responsibility and inclusion of a care team within centres or 

institutions  

- Seeking and accepting help 

- Education on available external sources, such as training courses and physical 

aids 

- Celebrating success 
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5 Physiotherapy techniques used in MS 

5.1 Physical management; an introduction 

      The key role of a physiotherapist working in neuro-rehabilitation is to help patient's 

experience and relearn optimal movements and function in everyday life within the 

constraints imposed by the disease process and presenting impairments. The main aim of 

physiotherapy rehabilitation is summarised by the acronym RAMP; recovery, adaptation, 

maintenance and prevention (Stokes & Stack, 2011). 

      Neurological physiotherapy within the rehabilitation involves changing a particular 

behavior. For this reason, self-management is important as it involves developing skills 

required to cope with disability and change behaviours necessary to resume desired lifestyles. 

Figure 8 demonstrates a model of guiding principles for neurological physiotherapy.  

      Self- efficacy is a cornerstone to self-management, and it's related to better health, higher 

achievements, more social integration and higher motivation to act. Therefore, 

physiotherapists have an essential responsibility to consider how they can promote self-

efficacy and enhance the patient's self-management skills (Stokes & Stack, 2011). 

      Moreover, the techniques used by physiotherapists provide stimulus via movement to 

engage patient's response. Also movement and activity becomes possible by using a variety of 

strategies such as therapeutic handling, elimination of gravity and activity in mild ranges to 

elicit motor activity when patients are unable to demonstrate movement to command. Within 

the ICF framework, neurological physiotherapy may directly target both impairment and 

activity, with the overall aim of improving QoL and enabling participation in desired life roles 

(Stokes & Stack, 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      This theme will highlight techniques and therapies that are used in the physiotherapeutic 

management of MS. Each therapy will encompass an explanation of how the therapy is 

Figure 8: guiding principles for neurological physiotherapy 

(Stokes & Stack, 2011) 
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performed, the MOA that the therapy uses and which symptoms of MS it targets, being 

backed up with evidence-based research.  

5.2 Techniques  

      Initially therapies for neurological rehabilitation were based on the hierarchic model of 

motor control and were applied in physiotherapy as facilitative techniques. Yet recently, the 

model of motor control has taken a shift into systematic model which forms the bases of task-

oriented approach and a problem solving approach focusing on the specific disabilities of an 

individual patient (Rasova, et al., 2010).   

      What all methods have in common is that they apply internal and external stimuli to 

achieve better movement with the aim of improving ADL. The facilitative approach puts the 

accent on manual application of stimuli, with the aim to facilitate and improve a given motor 

function, movement pattern or to start a locomotion program, while the quality of execution is 

carefully controlled. Yet others may argue that the ability to in fact carry out specific tasks 

may be more important than the quality of the execution. It is further debated that task-

oriented approach that focuses on the latter draws on the ICF system in that it considers 

recovery at the activity level (Rasova, et al., 2010). 

      The techniques described in this section encompass a variety of methods that are grouped 

under muscle re-education, neuro-therapeutic facilitation and task-oriented approaches. It is 

important for physiotherapists treating MS patients to combine different therapeutic 

approaches based on different theoretical models. As well as on their clinical experience, 

intuition and their knowledge of evidence based research to provide individualised and 

tailored programmes (Rasova, et al., 2010).   
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5.2.1 Physical activity/exercise 

      Prior to 1984, MS patients were advised to avoid physical activity in the fear of worsening 

their symptoms by the elevation of their body temperature and suffering from Uhthoff's 

phenomenon (Schulza, et al., 2004). Today, a contrary belief is held, and several studies in 

experimental autoimmune encephalomyelitis (EAE) -an animal model of MS- have shown 

that exercise during the induction phase of the disease does not aggravate the course of the 

disease (Schulza, et al., 2004). 

      Due to inactivity in MS patients, there had been increased incidences of osteoporosis, 

depression, fatigue and death from cardiovascular diseases. Inactivity in MS patients is also 

known to be associated with reduced aerobic capacity, atrophy and loss of muscle strength 

(both isokinetic and isometric contractions, as well as the rate of force development), and an 

elevation in heart rate and blood pressure (Daglas, Stenager, & Ingemann-Hansen, 2008). 

Lower physical fitness significantly influences MS patients in ADL and social interactions as 

well as impairing their QoL (Rasova, Brandejsky, Havrdova, Zalisova, & Rexova, 2005). 

      Recently, it has been suggested that exercise might have a disease-modifying anti-

inflammatory effect, and therefore perhaps poses the potential to slow down the disease 

progression in MS (Daglas, Stenager, & Ingemann-Hansen, 2008).  

     

      In this section, first, exercise in MS patients will be discussed in regards to its effect on 

immune system. Secondly, exercise in MS patients will be discussed in regards to its effect on 

cognitive functioning and its connection to cardio respiratory fitness. Finally the section will 

end with recommendations for endurance, resistive and combined training specific to MS 

patients.  

       

      On the immune cellular level, physical strain in healthy subjects has been demonstrated to 

initially increase the peripheral lymphocyte count which subsequently falls to below the initial 

level after cessation of the physical activity. The resulting lymphocyte reduction is short-

lasting with a maximum duration of 3-24 hours and is shown to be more prominent in Th1 

cells than in Th2 cells. Th1 cells primarily secrete pro-inflammatory cytokines like interferon-

gamma (IFN-g), interleukin (IL-2) and TNF-α whereas Th2 cells rather secrete anti-

inflammatory cytokines such as IL-4, IL-5 and IL-10.  

      Exercise can promote a shift from Th1 mediated pro-inflammatory to rather anti-

inflammatory Th-2 mediated cytokine which is of particular interest because of the imbalance 

of Th1 cell and Th2 cell in MS pathogenesis. Due to the short lasting effects of exercise on 

the immune cell level, frequent training intervals is required (Schulza, et al., 2004) (Doring, 

Pfueller, Friedemann, & Dorr, 2012). 

      Exercise has also been shown to stimulate the release of brain-derived neurotrophic factor 

(BDNF), insulin growth factor (IGF-1) and vascular endothelial growth factor (VEGF), all of 

which support cell proliferation, synaptic plasticity, neuroprotection and neurogenesis in both 

physiological and neuro-inflammatory conditions. Further, in humans, exercise seems to 

modify the secretion of neuroactive proteins (Schulza, et al., 2004) (Doring, Pfueller, 

Friedemann, & Dorr, 2012). 
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      Increased hippocampal BDNF concentrations have been measured upon moderate 

exercise, and since the hippocampus is crucially involved in learning, memory tasks and 

modulation of mood, these findings might connect exercise with slowing of cognitive 

impairments and stabilisation effect on MS patients. An increased secretion of IGF-1 after 

exercise is of great value, because it is an important factor in development which supports cell 

survival, brain growth and CNS myelination. During later stages of life IGF-1 might play a 

role in neuroprotection and synaptic and cognitive plasticity. Furthermore, exercise increases 

the activity of anti-oxidant enzymes, which might support the role of exercise in 

neuroprotection (Doring, Pfueller, Friedemann, & Dorr, 2012). 

      Repeated activation of the motor programs strengthen the cortical engrams and cause 

neuroplastic and adaptive processes like improved motor unit activation and synchronisation 

of firing rates. The opposite effects are associated with inactivity (Doring, Pfueller, 

Friedemann, & Dorr, 2012). It has in fact been suggested that physiotherapy may influence 

brain microstructure positively in MS (Ibrahim, et al., 2011).  

       

      Deficits in cognitive abilities are commonly observed among individuals with MS. 

Cognitive function is also one possible mediator or pathway of the relationship between 

physical activity and QoL in MS (Motl & McAuley, 2009). The activation of the right frontal 

and parietal regions in MS have been related to the number of recent neuroimaging studies, 

thereby arguing for a compensatory utilisation of additional resources of the contralateral 

hemisphere to meet the demands imposed by a challenging tasks. This altered cerebral 

activation is bought by the employment of alternative interventions such as cognitive and 

fitness training, and may in fact reduce cognitive deficits that challenge everyday living in MS 

(Prakash, et al., 2007). 

      To further confirm these results, a study was carried out to examine whether high physical 

fitness enhances cognitive and neural plasticity in MS. The impact of cardio-respiratory 

fitness on cerebrovascular functioning in MS was also examined. The results from the study 

was very promising and suggested a need for further investigations of the utility of aerobic 

fitness training as a possible method to support the development of additional cortical 

resources in an attempt to counter the cognitive decline resulting from MS (Prakash, et al., 

2007).  

      It has also been proven that respiratory dysfunction occurs in MS patients with mild 

neurological impairment through a study that was done to attempt to find a correlation 

between spiroergometric parameters and fatigue (Rasova, Brandejsky, Havrdova, Zalisova, & 

Rexova, 2005). Although the respiratory dysfunction did not get any impact on the clinical 

parameters that were examined in the study, it was assumed that it is necessary to influence it 

to further prevent respiratory complications that would be expected in the advanced stages of 

the disease (Rasova, Brandejsky, Havrdova, Zalisova, & Rexova, 2005). For this reason, 

aerobic exercise is also beneficial (Prakash, et al., 2007).  

       

      Lastly, histological analysis of biopsies from the tibialis anterior muscle have shown a 

reduction of 26% of the average muscle fibre area in MS patients compared to healthy 

controls (Kent-Braun, et al., 1997). Also smaller number of type I and type II fibres are found 

in MS patients compared with healthy controls. Furthermore, a shift is found in MS patients 
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between the composition of fibres from type I fibres toward a greater proportion of type IIa 

and IIax fibres, where this shift resembles the pattern seen in healthy subjects exposed to 

immobilisation (Hortobágyi, et al., 2000).  

      Neural mechanisms are responsible for the strength deficit seen in MS patients, since 

studies in MS patients have shown a reduced ability to fully activate motor units in the thigh 

and lower leg muscles (47-93%) during maximum voluntary contractions as compared to 

healthy controls (94-100%) (Hortobágyi, et al., 2000). 

      For this reason, resistance training for MS has been studied. One study based on a 

progressive exercise program, mainly consisting of resistance training for 6 months concluded 

that there was change and improvements seen in leg function and ambulation in MS patients 

(Romberg, Virtanen, & Ruutiainen, 2005). Another study viewed the physical and QoL 

parameters as well as neurotrophic responses to fitness training in an 8 week low-level bicycle 

exercise training in a longitudinal randomised study design and demonstrated a beneficial 

effect on the parameters viewed (Schulza, et al., 2004). 

      Similarly, a study comparing 4 different training programmes in MS patients concluded 

that aerobic training influences above all spiroergometric and spirometric parameters and 

depression, and therefore it consequently improves QoL (Rasova, Havrdova, Brandejsky, 

Zalisova, Foubikova, & Martinkova, 2006). 

 

      Thus recommendations have been made in regards to different types of training for MS 

patients. It is important to consult with a physiotherapist before starting with a new 

programme, and it is critical that the programme is designed and prescribed on an individual 

basis so that individual capabilities and impairments as well as environmental conditions are 

taken into account (Daglas, Stenager, & Ingemann-Hansen, 2008). 

      Generally, exercise programs should specifically target weaker muscles, and encompass 

multi-segmental complex movements. The intensity should be increased slowly and not to the 

point of pain. Overstretching should be avoided, and training should start at a low level and 

include a light warm-up, progress according to the patient's clinical state and specific 

problems, and finally reach light to moderate intensity (Doring, Pfueller, Friedemann, & Dorr, 

2012). For immobilised patients or those with severe clinical symptoms, cardiopulmonary 

function and VO2 max should be assessed prior to training (Doring, Pfueller, Friedemann, & 

Dorr, 2012).  

      Body position during training is important, as well as training in functional positions and 

during functional tasks (Stokes & Stack, 2011). The reader of this thesis is advised to read 

'exercises for people with MS' by Lizz Betts. 

      Below are recommendations made for resistance, endurance and combined training for 

MS patients. 

 

Resistive training: 

      This training of moderate intensity seems to be well tolerated and improves muscle 

strength and some functional measures among moderately impaired MS patients. It is 

recommended that in the initial phase, closed kinetic chain exercises to be used. Intensity in 

the range of 8-15 maximum repetitions (RM), sets of 1-3 and a progression to 3-4 set after a 
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month, with a rest period of 2-4 minutes between each set is recommended (Daglas, Stenager, 

& Ingemann-Hansen, 2008). 

 

Endurance training: 

      Only the effect of low to moderate intensity has been evaluated, and MS patients having 

an EDSS lower than 7 have been shown to tolerate endurance training well. This type of 

training induces improvements in aerobic capacity and improves health related QoL, mood 

and depression in MS patients (Daglas, Stenager, & Ingemann-Hansen, 2008).  

      Bicycle ergometry, arm-leg ergometry, arm ergometry, aquatic exercise and treadmill 

walking can all be recommended, whereas running and rowing is suitable for well-functioning 

MS patients only. The optimal recommendation is a training frequency of 2-3 sessions per 

week, using initial training intensity of 50-70% of VO2 max corresponding to 60-80% of the 

max heart rate (HR), lasting 10-40 minutes depending on the disability level (Daglas, 

Stenager, & Ingemann-Hansen, 2008).  

      In the first 2-6 months, progression should be obtained by increasing the training volume 

either by longer training duration or adding an extra training day. This can be done by 

replacing one training session with an interval training using intensities of up to 90% of VO2 

max (Daglas, Stenager, & Ingemann-Hansen, 2008).  

 

Combines therapy: 

      It has been shown that this type of therapy is well tolerated in MS patients, and that small 

improvements were found in muscle strength and gait velocity. Yet, no changes were 

observed in aerobic capacity, depression, fatigue, HR and QoL after this training. The 

recommendations are based on equal proportions of resistance and endurance training on 

alternative days, totaling 4 days of exercise per week. Each session should be separated by an 

interval of either 24 or 48 hours of recovery (Daglas, Stenager, & Ingemann-Hansen, 2008).  

      

      Although encouraging physical activity is potentially challenging given mobility issues 

associated with MS, possible options include developing self-efficacy, focusing on an 

enjoyable exercise experience, establishing an environment in which people feel comfortable 

and developing social support both in and out of the physical activity environment (Motl & 

McAuley, 2009). Therefore, therapists require knowledge about how to help facilitate a 

change in exercise behavior so that activity is maintained long term to prevent secondary de-

conditioning and provide an improvement of QoL (Stokes & Stack, 2011). 
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5.2.2 Stretching  

      Passive stretching can be applied by either a prolonged slow method, or fast method. The 

fast method can also be applied in a variety of ways to achieve different effects that are 

desired, yet the end goal is muscle facilitation. The concept is that a quick stretching of the 

agonist will results in a reflex facilitation of that particular muscle through the monosynaptic 

reflex arc. (Stokes & Stack, 2011). 

      For MS patients however, stretching is usually used for the management of spasticity, and 

for this reason, the prolonged slow stretch is most affective. This type is applied to the muscle 

or joint such that a stretch reflex is not elicited and the effect is therefore inhibitory in terms 

of the neural response. The effect is through the influence it has on both the neural 

components of the muscle via the golgi tendon organ, muscle spindles and the length of the 

sacromeres. The stretching can be carried out in various ways, and these are (Stokes & Stack, 

2011): 

 Through weight-bearing 

 Manual stretching; when applied, the stretch should provide sufficient force to 

overcome the hypertonicty and passively lengthen the muscle. When 

contractures already exist, manual stretching alone is not efficient to provide a 

sustained improvement in ROM   

 Splinting; to date, Lycra splints are individually designed garments and 

provides a low-force stretching for a long duration  

 Serial casting; this technique is used to prevent or reduce contractures, 

specifically secondary to spasticity. The use of soft splint has the advantage of 

being more dynamic in nature, and is less likely to cause unwanted pressure 

and provides neural warmth.  
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5.2.3 Techniques based on neurophysiological concepts 

      Motor control allows our bodies to regulate or direct the mechanisms essential to 

movement. Yet when motor control is lost, for example in MS, therapeutic intervention is 

necessary to restore normal movement patterns. A possible first step is rehabilitating the 

sensori-motor system. Techniques have been developed based on theories of the reflex and 

hierarchical model of motor control, which makes 2 assumptions (Stroup & Snodgrass, 2005): 

1) Reflexes are the basic units of motor control  

2) Motor control is arranged hierarchically  

      These assumptions state that in order to relearn normal movement patterns, it is necessary 

to go back to infantile responses (reflexes) and build on them until one achieves conscious, 

volitional movement (Stroup & Snodgrass, 2005).  

 

      In this section, the Bobath approach, the PNF technique, Rood's approach, the Prefetti 

method, the Brunnstrom movement therapy, Vojta's therapy of reflex locomotion and 

Dynamic neuromuscular stabilisation (DNS) will be discussed. The section will end with 

evidence based material.   

 

The Bobath approach 

      The Bobath approach, also known as neurodevelopmental treatment was developed in the 

1940's by a husband and wife who were hoping to restore normal movement in children with 

cerebral palsy with hemiplegia (Stroup & Snodgrass, 2005). Normally, postural control 

develops through sensation and provides a foundation for functional skills. When an 

individual exhibits a poor posture and so uses compensatory methods in their everyday life, it 

ultimately disturbs the sensorimotor-sensory feedback loop, creating an abnormal movement, 

and so the principle of the technique is the use of this feedback loop to describe the 

development of motor skills (Breslin, 1996). 

 

      The Bobath concept focuses on regaining postural control, selective movement control 

and normalising muscle tone (Breslin, 1996). The intervention is broken into 2 phases; the 

first is the preparatory stage which helps increase the joint mobility and facilitate postural 

alignment. The second phase is the facilitation of active movement, and it's done by providing 

sensory input using key points of control to help movement facilitation. Techniques may 

include handling, inhibition of spastic muscles and facilitation of flaccid muscles, weight 

bearing and weight shifting, integration of functional tasks and positioning (Breslin, 1996). 

This treatment has been shown to be most effective when it is used in conjunction with 

activities that are meaningful to the patient (Breslin, 1996). For practical use of this technique, 

the reader is advised to read 'The Bobath Concept in Adult Neurology' by Bente Gjelsvik. 

 

The PNF technique  

      Herman Kabat developed PNF in the 1940's, and in the following decades D. Voss and M. 

Knott expanded on it (Stroup & Snodgrass, 2005). It is a specific collection of land based 
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techniques promoting the response of the neuromuscular system through stimulation of 

propioceptors (Gamper & Lambeck, 2011).  

      PNF focuses on the developing sequence of movement and how the agonist and antagonist 

muscles work together to produce volitional movement. It also focuses on mass movement 

patterns that are diagonal and resemble functional movements. PNF also uses a multi-sensory 

approach, incorporating the auditory, visual and tactile systems. (Pedretti & Early, 2001). The 

use of visual feedback is promoted with the patient following the movement to facilitate a 

stronger contraction (Stokes & Stack, 2011). 

      The manual contact used in PNF is to cue the patient and facilitate movement (Stroup & 

Snodgrass, 2005) in specific direction (Stokes & Stack, 2011). Other techniques used are 

stretch, traction and approximation, irradiation and reinforcement, body position and body 

mechanics, verbal commands, timing, patterns of movement and resistance (Stokes & Stack, 

2011). The resistance used has to be appropriate to the need of the patient, and concentric and 

eccentric muscle work should be resisted so the movement is smooth and co-ordinated. 

Furthermore, the position of the therapist relative to the patient allows the therapist to stay in 

line with the desired motion or force and to use the body weight for resistance (Stokes & 

Stack, 2011).     

      Lastly, the practical application of PNF focuses on 3 aspects (Pedretti & Early, 2001): 

- Increasing the motor learning of the agonist through repetition of activity 

(repeated contractions) and rhythmic initiation 

- Reversing the motor patterns of the antagonist. Two techniques are slow 

reversal and rhythmic stabilisation, which both use isometric contraction. 

- Relaxing muscles to increase ROM and decrease spasticity.  

      For practical use of this technique, the reader is advised to read 'PNF in practice: An 

illustrated guide' by Susan A. Adler. 

 

Rood's approach  

      This is yet another sensorimotor approach developed by Margaret Rood in the 1950's. 

Rood suggested 4 components of motor control (Stroup & Snodgrass, 2005): 

- Reciprocal inhibition; an early motor pattern development as a protective 

mechanisms 

- Co-contraction; providing stability to the body 

- Stability and mobility; occurring during vigorous activity, where the distal 

portion of the body provides stability while the proximal portion provides 

mobility 

- Skill; which is the highest level of motor control, and allows the distal portion 

of the body to be mobile while the proximal portion provides stability 

      Rood believed that motor control could be inhibited or facilitated by positioning patients 

into ontogenetic patterns of development, and in these patterns, performing functioning 

activities that had meaning to them to achieve occupational functioning. Of course this 

required repetition and training in a real-life context (Metcalfe & Lawes, 1998).  
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      In order to inhibit or facilitate muscle tone, techniques such as stretching, taping, 

resistance, vibration, traction, approximation, inhibitory tendon pressure, fast brushing, light 

tough, neural warmth and slow stroking were used. 

      Rood's approach is not commonly used in practice; yet, the elements of her work are 

important to study because they could have therapeutic use. Furthermore, her theory gives a 

good understanding of motor control and developmental sequence (Pedretti & Early, 2001). 

  

The Prefetti Method 

      This is a neuro-cognitive rehabilitation, developed by Carlos Prefetti in Italy around 

1970's. The method uses the concept of motor imaging to influence the sensation of pain, 

modify neuroplasticity and correct inconsistencies detected by the brain. Therefore the bases 

of the rehabilitation is the use of body surfaces for activation of receptors, (exteroceptive 

impulse), and using recovery as a method of relearning (Cop, 2011).  

 

The Brunnstrom movement therapy 

      This therapy was developed by Signe Brunnstorm, a Swedish physiotherapist in the 1960's 

(Pandian, Arya, & Davidson, 2012). The therapy uses reflexes to develop movement behavior 

through sensory stimulation, in order to inhibit spasticity, and promote movement retraining 

to enhance recovery (Pandian, Arya, & Davidson, 2012). She also classified motor recovery 

into 6 stages (Sawner & LaVigne, 1992). 

The approach is based on 2 principles (Sawner & LaVigne, 1992): 

- Reflexes could be used to elicit movement when none exists (due to the sub-

cortical motion synergy), and this movement may be learned 

- Propioceptive and exteroceptive stimuli evoke desired motion or tonal changes 

 

The treatment principles are as follows: 

1) When no motion exists, movement is facilitated using reflexes, associated reactions, 

proprioceptive facilitation and/or exteroceptive facilitation to develop muscle tension 

in preparation for voluntary movement (the set of reflexes and associate reactions are 

found in the appendix).  

2) The responses of the patient from such facilitation combine with the patient's 

voluntary effort to produce a semi voluntary movement 

3) Prorioceptive and exteroceptive stimuli assist in eliciting the synergies 

4) When voluntary effort appears 

a) The patient is asked to hold the contraction; i.e. isometrically 

b) If successful, they are asked to produce an eccentric contraction 

c) Finally the patient is asked for a concentric contraction  

5) Facilitation is reduced or removed as soon as the patient is able to produce voluntary 

control through the primitive reflexes and associative reactions 

6) Correct movement is repeated 

7) The correct movement is practiced in the form of ADL 
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      All pathological and physiological methods of facilitation are indicated during the first 3 

motor stages, while only the physiological methods of facilitation are indicated during the 

recovery stages (Sawner & LaVigne, 1992).  

   

Vojta's therapy of reflex locomotion 

      This therapy was developed by Vaclav Vojta in the Czech Republic in 1959, primarily to 

treat children with cerebral palsy. The therapy is based on applying external stimuli in the 

form of stimulation of specific zones in either reflex creeping or reflex turning patterns in a 

patient with an impaired CNS and locomotor system, in order to provoke a defined movement 

response that is ideal and already genetically encoded (Backstrom & Dahlgren, 2000).  Reflex 

turning evokes ipsilateral patterns, while reflex creeping evokes contralateral patterns 

(Valouchova, 2008). The following are the treatment principles (Backstrom & Dahlgren, 

2000): 

- The patients are placed in the appropriate starting positions based on reflex 

creeping or reflex turning. This is important because there are aimed pressure 

that stimulates natural supporting points on which the body rests on the surface 

of the therapeutic bed 

- The reciprocal locomotor activity is started by stimulation of nine trigger 

points in various combinations, furthermore, the use of specific eye movement 

is also used in adults 

- This allows the whole body to become engaged in an active automatic muscle 

work.  

       

      The outcome of the therapy was best shown in a study that used reflex locomotion for 30 

minutes for 2-5 sessions in 11 healthy subjects aged 21-25. The results of the subjects 

undergoing this therapy was that there were initial changes in respiration and deeper 

breathing, followed by trunk muscle activation with a tendency toward trunk rotation, legs 

bending at hips and knees, the tendency for the arms to lift, elbows bend and the wrist to dorsi 

flex (Pavlu, Vele, & Havlickova, 2000).  

 

Dynamic Neuromuscular stabilisation (DNS) 

      This recent therapy is developed by Pavel Kolar in the Czech Republic. DNS is an overall 

strategy to achieve a better understanding of the neurophysiological principles of the 

locomotor system. It's a complete system, involving assessment and therapy. DNS presents a 

critical set of functional tests to analyse the quality of functional stability and assist in finding 

a 'key link' of the dysfunction; it's based on developmental kinesiology (Rehabilitation, 2012). 

      The diagnosis aspect of DNS is based on the comparison of the patient's stabilising pattern 

with the stabilisation developmental pattern of a healthy baby at their developmental 

milestones. While the goal of the therapy is training the ideal patterns by targeting the 

integrated spinal stabilisation system. This is achieved by placing the patient in primal 

developmental positions. These are the same positions as in Vojta's reflex locomotion; ie in 

reflex creeping and reflex rolling. Yet DNS emphasises the use of the positions of the 

developmental milestones of the child in reflex creeping and rolling (Rehabilitation, 2012).  
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      As the program advances and becomes more challenging the ideal movement patterns that 

are gained in the therapy start falling under the patient's cortical control. Eventually through 

repetition, the central control establishes an automatic model that becomes a fundamental part 

of everyday movement (Rehabilitation, 2012).  

  

Evidence-based material 

      A study to test the effect of both Vojta therapy and treadmill therapy in MS patients with 

severely affected gate was performed. The therapies were performed in alternating 

combinations, and the results were that both gait velocity and stride length improved 

significantly and there were also noticeable improvements in cerebellar function and muscle 

strength of the most effected leg. Concluding that this combination has a positive effect on 

MS rehabilitation (Laufens, Poltz, Reimann, Schmiegelt, & Prinz, 2004).  

      Another study was carried out to confirm the immunoregulatory and anti-inflammatory 

changes in the immunologic profile after 2 months of facilitation physiotherapy in patients 

with MS. The results showed significant improvements in immunological parameters tested, 

and the study suggest the possibilities of physiotherapy to influence the psycho-neuro-

endocrine-immune response in patients with MS (Rasova, et al., 2012). 

      Furthermore a study used neurophysiologically based physiotherapy as one programme to 

compare the effects of 4 different programmes on the spiroergometic and spirometric and 

clinical parameter in MS patients. The use of this programme was not aimed at the training of 

certain respiratory functions but aimed at training of the co-ordination of respiratory muscles, 

postural system function and the activation of the deep spinal cord stabilising system along 

with the activation of the postural functions of the diaphragm. This programme had a great 

impact on the regulation of depression, impairment, disability, handicap and QoL, as it caused 

improvements in spiroergometric and spirometric parameters (Rasova, Havrdova, Brandejsky, 

Zalisova, Foubikova, & Martinkova, 2006). 

      Lastly, physiotherapeutic techniques according to Bobath, Vojta and PNF are among 

treatments that are applied for MS related spasticity, with some evidence for improvement 

being reported. However, none of these therapies have been proven to be superior to the other 

(Doring, Pfueller, Friedemann, & Dorr, 2012). 

 

     Studies specific to the approached mentioned above towards MS is scarce. Yet they should 

not be discouraged to be put in use in a clinical setting if they do not produce harm to the 

patient. Development of rehabilitative therapy does not require full understanding about the 

therapeutic mechanism before it is applied in clinical use. In contrast, therapies are advanced 

to investigate the therapeutic mechanism after observing clinical effectiveness (Huang, Chen, 

Chien, Kashima, & Lin, 2011). That is why the techniques mentioned above should be tried to 

be used within safety measures and with respect to individuality in MS patients.  
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5.2.4 Therapeutic vibration and Whole body vibration 

Therapeutic vibration 

      Is a directly applied stimulus of a high frequency (100-300Hz) and low amplitude, which 

stretches the muscle spindle and activates type Ia afferent fibres. Vibration is generally 

applied directly to the chosen muscle or its tendon. Three motor effects are achieved by 

vibration (Stokes & Stack, 2011): 

- A sustained contraction of the vibrated muscle via the tonic vibration reflex 

- Reciprocal inhibition 

- Suppression of the monosynaptic reflex of the vibrated muscle (during the 

period of vibration)  

      Yet there are some precautions that must be taken when applying vibration. Vibration will 

generate heat at its point of application and there is the potential to cause damage to the skin, 

particularly at high amplitudes (Stokes & Stack, 2011). Secondly, vibration to augment a 

muscle contraction should not be applied with cutaneous pressure which is known to cause 

inhibition as the two opposing effects could counteract each other (Stokes & Stack, 2011). 

 

Whole body vibration (WBV)   

      Is a relatively new modality in neuro-rehabilitation which involves the application of a 

vibratory stimulus (mechanical oscillation) to the entire body and is typically performed by 

having a person stand on a vibrating platform (Jackson, Merriman, Vanderburgh, & Brahler, 

2008). It has been used in one of 2 ways; the first as a warm-up procedure that is thought to 

transiently increase muscle activity, strength and power associated with traditional 

neuromuscular training. The second most common use is for long-term training (Jackson, 

Merriman, Vanderburgh, & Brahler, 2008).  

      The MAO of WBV is as follows. The transmission of vibrations and oscillations to a 

biological system can lead to physiological changes on numerous levels: by stimulation of 

skin receptors, muscle spindles, vestibular system, changes in cerebral activity (in the 

thalamus and somatosensory cortex), changes in neurotransmitter concentration (dopamine 

and serotonin) and changes in hormonal concentrations (Schuhfried, Mittermaier, Jovanovic, 

Pieber, & Paternostro-Sluga, 2005). 

      To date it is clear that strength and cardiovascular training, either combined or not, 

improve muscle strength and overall physical fitness in MS. Very often this is associated with 

improved QoL and some improved functional measures, such as walking speed and distance 

(Broekmans, Roelants, Alders, Feys, Thijs, & Eijnde, 2010). However, since MS is associated 

with multiple impairments of muscle, sensation, coordination and balance (Santos-Filho, 

Cameron, & Bernardo-Filho, 2012), they have difficulties performing the traditional strength 

training exercises (Jackson, Merriman, Vanderburgh, & Brahler, 2008). For the above 

mentioned reasons, WBV would seem to be an important inclusion in the management of 

person with MS (Santos-Filho, Cameron, & Bernardo-Filho, 2012).  

       

      Several studies have been carried out to investigate the effect of WBV on the management 

of various MS associated symptoms. One study has led to results in which WBV does not 
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cause any therapeutic effect in the improvement if leg muscle performance in MS patients. 

Yet this study was not without limitations, such as the exlusion of a control group, the use of 

non-individualised programmes and the use of non-specific measurement scales and outcomes 

(Broekmans, Roelants, Alders, Feys, Thijs, & Eijnde, 2010).   

      Yet, other studies have encouraged the use of WBV in a rehabilitation programme for MS 

patients. A very recent systematic review on the benefits of WBV on MS patients concluded 

that WBV exercises could benefit patients with MS, with the most improved parameters being 

in muscle strength and functional mobility (Santos-Filho, Cameron, & Bernardo-Filho, 2012). 

Another pilot study to examine WBV in comparison with a placebo group on the effect of 

postural control on MS patients concluded that the effect of the WBV were already evident 

after 15 minutes of therapy, and lasted for up to 2 weeks (Schuhfried, Mittermaier, Jovanovic, 

Pieber, & Paternostro-Sluga, 2005). 

      Further larger scale investigations with controlled parameters and well-designed protocols 

into the effects of WBV exercises in people with MS are still needed (Santos-Filho, Cameron, 

& Bernardo-Filho, 2012).    
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5.2.5 Aquatics  

      Aquatic exercises can refer to pool therapy, hydrotherapy or balneotherapy (Castro-

Sanchez, Mataran-Penarrocha, Lara-Palomo, Saavedra-Hernandez, Arroyo-Morales, & 

Moreno-Lorenzo, 2012). The reader is advised to the following book for a detailed 

explanation of specific aquatic technique: Becker, B.E & Cole, A.J. (2011). Comprehensive 

Aquatic therapy (3
rd

 edition).Washington: Pullman.  

The advantage of aquatic training comes from the properties water processes, and these are 

(Coxhead, 2009): 

a) Buoyancy 

This is the upward pressure of water on the body, acting in the opposite direction to 

gravity. Buoyancy reduces body weight, which may assist people to move limbs 

through the full ROM and reduce pressure on joints. 

b) Turbulence 

It's the irregular motion or swirling agitation of water. Turbulent water can provide an 

environment for static and dynamic balance training with minimal risk of injury. The 

level of challenge can be raised by increasing water agitation (i.e. by performing faster 

or larger movements of the body within the water) 

c) Hydrostatic pressure 

This is the force exerted by water on an immersed object and is proportional to the 

depth of the water. For example, hydrostatic pressure on limbs may help reduce 

swelling. 

d) Resistance 

Water is denser than air and provides greater resistance to movement. The more 

surface area that you present in the direction of the movement, the more resistance you 

create, and the more force is needed to overcome that resistance. This property is 

important for strength training in water.  

      These properties allow for a variety of activities that can be easily modified to 

accommodate the wide range of motor abilities of patients with MS (Salem, et al., 2011). The 

immersion temperature for rehabilitation for MS patients is recommended to be of 26-29°C 

(Becker, 2009). The types of exercises commonly used in water include strength, fitness, 

balance, stretch and relaxation exercises. It is further said that the use of aquatic exercises in 

people with MS brings on the following effects: improved muscle strength, fitness, gait and 

mobility, joint ROM and flexibility, balance, reduction of fatigue, relief of pain and an 

increase of QoL and the sense of well being (Coxhead, 2009). 

      The explanation of these effects are due to the properties of water described above, and 

further because the heat and floatability of the water can block nociceptors by acting on 

thermal receptors and mechanoreceptors and exert a positive effect on spinal segmental 

mechanisms. Warm water can also increase blood flow, helping to dissipate allergenic 

chemicals and enhance muscle relaxation. Finally, as mentioned above, the hydrostatic 

pressure of water can alleviate pain by reducing peripheral edema and sympathetic nervous 

system activity (Castro-Sanchez, Mataran-Penarrocha, Lara-Palomo, Saavedra-Hernandez, 

Arroyo-Morales, & Moreno-Lorenzo, 2012).  
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      From the point of evidence-based research, a randomised controlled trial to determine the 

effectiveness of hydrotherapy to modify pain, QoL and other symptoms of MS patients was 

conducted and it concluded that indeed it is a successful choice of therapy (Castro-Sanchez, 

Mataran-Penarrocha, Lara-Palomo, Saavedra-Hernandez, Arroyo-Morales, & Moreno-

Lorenzo, 2012).  

      A second study demonstrated that a community-based group aquatic exercise programme 

using support from health professionals is feasible and resulted in improvements in motor 

function of individuals with MS, and therefore an aquatic training programme would be 

appropriate and benifical and should be considered to add into the rehabilitation programme 

of MS patients (Salem, et al., 2011). 

      It is recommended that all patients with MS obtain a medical clearance certificate from 

their general practitioner prior to beginning any aquatic exercise program. It is also important 

for a physiotherapist or other suitably qualified person to conduct a thorough physical 

assessment to determine personal care and hygiene (in case of incontinence); transfers 

(determining the safest way of pool entry and exit, and moving between standing and sitting 

positions); mobility (determining weight bearing capacity, the ability to use aids, ascend and 

descend stairs, walking endurance and need for support, need of assistance in the land or 

pool); pain and management of other symptoms (Coxhead, 2009). 

      There are also recommendations for strategies to be employed by the health care 

professional for the purpose of patient encouragement for aquatic programme participation; 

they are listed below (Coxhead, 2009).   

 

Strategies to overcome fatigue post aquatic programme: 

- Scheduling aquatic exercise sessions early in the day 

- Encouraging the patient to have a cold shower and rest after exiting the pool 

- Encouraging the patient to maintain regular fluid intake to avoid dehydration 

- Limiting time in the water between 30-40 minutes.  

 

Strategies for spasticity management during an aquatic programme: 

The use of floating boards or other aids; since spastic or hypertonic muscles have the 

tendency to sink. 

 

Strategies to overcome cognitive impairment in an aquatic programme: 

- Minimising background noise and distractions 

- Exercising for shorter periods of time 

- Ensuring the sessions are well-structured, engaging and reinforcing to maintain 

focus 

- Providing demonstrations 

- Allowing time for each new skill to be strongly established before introducing 

a new skill 

- Encouraging the use of a diary or a calendar to improve memory 

- Providing a one-on-one supervision 
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Other features that make pool facilities more accessible for people with impairments: 

- Ramps; for bathrooms and the pool 

- Rails at stairs 

- Pool hoists 

- Disabled parking close the facility entry 

- Short distance of walking between bathroom and pool 

- Bathrooms: with rails, seating arrangements for changing and showers 

- Seats inside pools to enable rest before and after pool entry and exit 
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5.2.6 Cooling 

      Cryotherapy is defined as the therapeutic application of any substance to the body that 

removes heat from the body, resulting in decreased tissue temperature. Cold treatment 

modalities decrease pain, muscle spasms, tissue metabolism, blood flow, inflammation, 

edema and connective tissue extensibility. These effects are useful in managing symptoms 

that arise in MS (Nadler, Weingand, & Kruse, 2004). 

 

      Studies have shown that active cooling in MS patients results in significantly lower 

concentration of NO (NO2 being the diffusible gas entering the CNS and causing conduction 

block in demyelinated axons). Therefore the cooling systems described below provide 

symptomatic relief by providing a decrease in leukocyte nitrite production, and thus lowering 

the production of NO. A second factor also contributes to the mechanism of cooling, and that 

is the presence of hormonal changes. Particularly, a rise in norepinephrine (related to 

vasoconstriction) and a modest decrease in TSH (Kraft & Shah, 2006).  

 

Cooling can be performed either passively or actively 

Types of passive cooling vests (Kraft & Shah, 2006): 

a) Gel-ice: it's a mixture of starch and water that has a similar cooling property as ice 

when frozen 

b) Phase change material: a paraffin material that freezes between approximately 13°C-

18°C, it can be cooled in ice water by conduction or in a freezer by convection 

c) Evaporative material: this is a 3 layer composite that evaporates water that is stored in 

the central layer through wicking. 

 

      The active type of cooling is a mixture of distilled water and propylene glycol, which is 

circulated through a refrigerating unit and tubes embedded in a vest. The cool fluid extracts 

heat from the patient and dissipates it in the unit (Kraft & Shah, 2006). 

 

Icing 

      Ice can be used either by brief or prolonged application. In the brief application, it can be 

used to facilitate a response from a muscle. Ice uses a combination of coolness and pain 

sensation to produce the desired response. In order to facilitate a motor response, an ice cube 

is quickly swept over the chosen muscle belly. Following each swipe, the iced area is blotted 

with a towel. After 3 swipes, the patient is asked to produce an active muscle contraction. If 

ice is being used to facilitate lip closure and encourage feeding and sucking, an ice lolly can 

be placed in the mouth with pressure on the tongue. Application of ice to the face above the 

lips and to the midline of the trunk should be avoided (Stokes & Stack, 2011). 

      Prolonged use of ice provokes the opposite effect, and that is to reduce afferent and 

efferent neurotransmission. To be effective in reducing spasticity, the muscle spindles must 

themselves be cooled. The ice must be applied until there is no longer an excessive reflex 

response to stretching; and if succeeded, spasticity is reduced for the duration of 2 hours after 

application. The most common application form of ice to reduce spasticity is local immersion. 

This is particularly effective for reducing flexor spasticity in the hands. A mixture of tap 
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water and flaked ice is used (1/3 water and 2/3 ice). The hand must be immersed 3 times for 3 

seconds, with only a few seconds between immersions. The therapist should hold the patients 

hand in the ice-water mixture. General immersion has been used to reduce spasticity as well, 

with the optimal tolerated water temperature being 20-22°C for 10-15 minutes (Stokes & 

Stack, 2011). 

      Several studies have been carried out to investigate the effect of cooling on different 

symptoms of MS. Once study investigated the effect of peripheral cooling on intention tremor 

in MS patients, and concluded that cooling in fact resulted in a reduction in intention tremor 

in MS patients; an important finding that might enable patients to perform functional activities 

more efficiently (Feys, Helsen, Liu, Albrecht, Nuttin, & Ketelaer, 2005). The rationales 

behind the results are due to the combination of decreased nerve conduction velocity, changed 

muscle properties, and reduced muscle spindle activity. Furthermore, tremor reduction is 

thought to relate to decreased long-loop stretch reflexes due to the fact that muscle spindle 

discharge is temperature dependent (Feys, Helsen, Liu, Albrecht, Nuttin, & Ketelaer, 2005).   

      Another study investigated how cooling of the arm influence pointing movements in MS 

patients with cerebellar limb ataxia. They concluded that cooling-induced reduction of the 

propioceptive afferent inflow, most probably of group I spindle afferents, reduces postural 

tremor of the symptoms of cerebellar dysfunction due to MS (Quintern, Immisch, Albrecht, 

Glasauer, & Straube, 1999). 

      It is also important to be aware and note complications of cryotherapy which are nerve 

damage, frostbite, Raynaud's phenomenon, cold-induced urticaria and slowed would healing 

(Nadler, Weingand, & Kruse, 2004). If they arise, the use of cryotherapy should be ceased 

immediately and complications managed.  
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5.2.7 Task-oriented approach 

      This approach is based on the system model of motor control and contemporary motor 

learning theories. The application in rehabilitation empahsises that effective therapeutic 

intervention depends on identification of the system that is critical to controlling the 

occupational performance at a specific time (Walter & ERsoy, 1999). 

      The task oriented approach to motor recovery of post stroke hemiparesis emphasises 

integration of the impaired limb into all functional tasks via skill-based training (Bravi & 

Stoykov, 2007). Further prelimary research with human stroke survivors using task-orienting 

and sub threshold cortical stimulation has shown promising results (Bravi & Stoykov, 2007). 

Yet studies specific to MS are scarce. 

      However, the development of rehabilitative therapy does not require full understanding 

about the therapeutic mechanism before it is applied in clinical use. In contrast, therapies are 

advanced to investigate the therapeutic mechanism after observing clinical effectiveness 

(Huang, Chen, Chien, Kashima, & Lin, 2011). That is why this method could be used to 

rehabilitative hemiparetic symptoms of MS, even if research to support its effectiveness is 

scarce.    
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5.2.8 Constraint-induced movement therapy (CIMT) 

      CIMT is a functional retraining procedure (Wolf, 2007). The therapy was encouraged to 

be incorporated into neuro-rehabilitation when experimentation showed that the growth and 

synapse formation of cortico-spinal fibers in rats with spinal cord injury was enhanced by 

forced use of the impaired limb. This formation is caused by the up-regulation of messenger 

RNAs, which modulates neuronal outgrowth, cytoskeletal rearrangements, adhesions and 

guidance. These provide evidence to support that behavioural improvement is based on 

neuronal regeneration involving neurogenesis, synapse formation and up regulation of 

neurotrophic factor; all which CIMT aims to target (Huang, Chen, Chien, Kashima, & Lin, 

2011).  

      The treatment is designed to overcome learned non-use in chronic hemiparesis, which is 

the behavioural suppression of purposeful movement of the more affected upper extremity 

with compensation during ADL by the less affected upper extremity (Mark, et al., 2008).          

      Programmes using CIMT or modified CIMT focus attention towards the weaker limb and 

use repeated and extensive practice termed 'shaping' for up to 6 hours per day. The stronger 

arm is constraint in a sling and/or padded mitt. The motivation for motor output change and 

subsequent accomplishment of a task then serves as a positive reinforcement for future 

attempts (Stokes & Stack, 2011). Figure 9 represents a model to explain the genesis of learned 

non-use and how it may be overcome.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

 

 

       

 

 

 

 

 

Figure 9: a model to explain the genesis of learned nonuse and how it may be overcome 

(Sunderland & Tuke, 2005) 
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      Compensatory learning in this model differs than compensatory strategies that are defined 

to use the better upper extremity in the interest of time, convenience and demonstration of 

ability. These compensatory learning specifically includes behavioural factors, such as 

attention, motivation and perceived sense of effort that contribute to the patients reacquisition 

of unique motor skills through attention, motivation, effort and control over motor outflow 

from preserved or accessible pathways (Wolf, 2007). This model fails to include several other 

factors, including variations of neuromodulation, alternations in neurotransmission regulation 

and impact of movement experience on skill reacquisition (Wolf, 2007). Therefore another 

model was made, and this is shown in figure 10, where structural and psychosocial 

considerations were made. 

 

 

 

      Studies were performed to see the effect of CIMT on MS patients. Following treatment 

with standard CIMT therapy protocol which was first used on humans after stroke, MS 

patients significantly improved in real world motor ability for at least 4 weeks post treatment, 

as well as on validated measures of maximal movement ability and task-associated fatigue 

(Mark, et al., 2008). 

      A second clinical trial with a periodic follow up of 4 years was carried out to investigate 

the effect of CIMT for the lower extremities in MS patients. Therapy was administered for 

52.5 hours over 3 consecutive weeks to each patient. The findings revealed that the treatment 

Figure 10: proposed modifications that now include structural and psycgosocial considerations. The largest shaded 

arrow is a reference point for comparison and the – and _ signs refere to excitatory and inhibitory events respectively. 

M1: primary motor cortex, SMA: supplimentary motor area (Sunderland & Tuke, 2005) 
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could be safely administered, is well tolerated and produced substantially improved real-

world lower extremity use for as much as 4 years post-treatment (Mark, et al., 2012). 

      CIMT continues to hold great promise as a neuro-rehabilitation approach for MS that can 

be classified as a functional retraining procedure. This procedure makes use of behavioural 

principles of operant conditioning derived from studies of motor learning and motor control 

and fundamental neurophysiology (Wolf, 2007).    

  



87 
 

5.2.9 Pelvic floor muscle (PFM) training (PFMT)  

      PFM function is considerably disturbed in MS- irrespective of the patient's symptoms- 

showing muscular weakness with preservation of peripheral motor nerve conduction, 

providing indirect evidence that this mainly is a result of lesions within the CNS. In addition 

the dysfunction also arises from damage to the peripheral motor innervations of the external 

anal sphincter (Jameson, Rogers, Chia, Misiewicz, Henry, & Swash, 1994).  

      There is experimental evidence from patients with detrusor over activity that points to an 

inhibitory effect on the detrusor resulting from contraction of the PFM's and urethral sphincter 

(Fowler, 2004).  

      Yet, PFM contraction results in an increase in outlet pressure as well as a reduction in the 

pressure within the bladder, and also a reduction in the sensation of urgency. This 

phenomenon is termed 'procontinence' (Fowler, 2004). If this phenomenon is taken into 

consideration, then the enhancement of this inhibitory reflex would lead to the improved 

voluntary control of micturation. This in term is called the perineal-detrusor inhibitory reflex 

(Shafik & Shafik, 2003). 

      Retraining of the voluntary external urethral sphincter and PFMs, and educating the 

patient when to apply the technique, would possibly lead to the development of an autonomic 

response (McClurg, Lowe-Strong, & Ashe, 2008). Although this may be a segmental reflex, it 

can be initiated by voluntary output and it is through this mechanism that pelvic floor therapy 

has an effect in treating urge incontinence (Fowler, 2004).      

      Therefore a lot of studies have been made to view the effect of PFMT for urgency and 

urinary incontinence in MS patients. Firstly, PFTM is defined as repetitive selective voluntary 

contraction and relaxation of specific muscles and aims to make changes in a non-optimally 

functioning pelvic floor by improving the force generation, incorrect timing and coordination 

of the PFMs (McClurg, Lowe-Strong, & Ashe, 2008). 

      

      PFMT is very crucial in MS, and therefore this section will describe an example of a 

programme based on the Heller and Tanzberger concept. This section will be followed with 

evidence based studies highlighting other methods, and will end with suggestions on further 

reading.  

      The patient should be educated in regards of the importance of training PFMs; cultural 

and religious individuality should be kept in mind. Restoration of proper diaphragmatic 

breathing is done next, and this is followed by sensory awareness of the pelvic floor (Carriere, 

2013). The following is a protocol that can be applied: 

      First, the patient can feel landmarks such as the coccyx, the pubic bone and ischium. 

Sitting on a firm surface, the patient can first contract the gluteal muscles, then relax them, 

then try to feel the contraction of the anal sphincter and the muscles around the vagina by 

imagining holding a small object with those muscles without activation of the gluteal muscles. 

Since imagery of voluntary movements of fingers, toes and tongue has been shown to activate 

the appropriate section in the contralateral primary motor cortex, it is therefore probably that 

imagery of striated pelvic floor muscles would activate sections in the primary motor cortex 

assigned to this body part (Carriere, 2013).  
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      In the side-lying position, the patient can place a hand over the gluteal muscles while 

touching the anal sphincter with a fingertip. The patient can then try to pucker the anal 

sphincter similar to puckering the mouth. The contraction can be faint but correct if the 

gluteal muscle is relaxed. Tightening of the levator ani can be palpated at the perineum, 

between the anus and vagina, or at the side of the tip of the coccyx. Patients learn that 

contraction of these muscles must precede any contraction of the surrounding pelvic floor 

muscles, such as the gluteal, adductors, abdominals and back muscles. In the same position 

the patient can also feel how a cough moves the PFMs in a caudal direction.  

      A gentle, rhythmical downward movement occurs during inhalation (eccentric for the 

PFMs and concentric for the pulmonary diaphragm). The patient then tries to tighten the 

PFMs before coughing and feels less caudal movement of the PFMs. Sensory awareness of 

relaxation of PFMs may require education, visualisation and tactile feedback (Carriere, 2013). 

      This stage is followed by co-ordination of breathing with PFM activity; the protocol is the 

following: The patient learns to contract the PFM while exhaling (eccentric activity for the 

pulmonary diaphragm and eccentric for PFM) and relax those muscles while inhaling. This 

can be done in different positions such as supine, side lying, on all fours, sitting or standing. 

When coughing, sneezing, lifting and changing positions, such as from supine to side lying, 

the PFM contraction must precede the activity (Carriere, 2013). 

      Strengthening exercises for the PFM's is next, the protocol is as follows: The training 

should include fast-twitch muscle fiber training with quick fast twitch muscle contractions, 

which is achieved on a Swiss balls. This is done by the patient sitting on a ball and tightening 

the pelvic floor, giving resistance to one self in a diagonal direction, and holds the contraction 

for 5-10 seconds. The right ischial tuberosity initiates the movement toward the opposite 

knee, which should not move in space. The upper body and chest is also fixed. All movements 

come from the pelvis.  Because the PFM run in a sagittal and frontal plane as well as in 

diagonal directions, movements in different directions should be included to maximise the 

benefit of stretching exercises (Carriere, 2013).  

      This is done by again using a Swiss ball, while 2 people sit back to back. One person can 

pull the ischium in the direction of the knees, which do not move, while the other person tries 

to slow down the movement. This requires eccentric activity of the PFM. Furthermore, 

Isometric muscle activity can also be trained and this occurs when both patients pull at the 

same time with the same force. This can be done by both patients lying on either end of the 

ball, and have their legs on the ball, their soles touching (Carriere, 2013).  

      Muscle strengthening is not done in isolation but is trained during functional movement 

activities such as when getting up from a chair, or when carrying groceries. It should finally 

be incorporated into the patient's daily life (Carriere, 2013). 
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Evidence-based research: 

      A study aimed to determine whether PFMT improves lower urinary tract function in 

people with MS, the main training compromising of individualised PFMT combined with 

EMG biofeedback for 9 weeks. The study concluded that the programme improved function 

of the PFMs and reduced the symptoms associated with lower UTI and increased QoL in 

people with MS (McClurg, Lowe-Strong, & Ashe, 2008). 

      Another randomised trial evaluated the effect of PFMT and assisted PFMT by a resistance 

device (Kegelmaster device) on the urinary incontinence in woman. The study concluded that 

neither treatments were superior to each other, but both methods were effective for the 

improvement of urinary incontinence in woman (Kashanian, Ali, Nazemi, & Bahasadri, 

2011). 

      Another study stated that for people with MS, the addition of the electrical stimulation to a 

program of PFMT and EMG biofeedback induces several improvements in lower urinary tract 

dysfunction (Lee-Bognar, 2009). The reader is referred to section 5.2.14 where biofeedback is 

discussed in detail. 

      Furthermore, pelvic floor exercise according to Mojzisova could be performed. The 

Mojzisova method includes a combination of soft tissue and osseous mobilisation techniques, 

post-isometric relaxation, a home exercise programme over a 6 month treatment period. It is 

based on the premise that accidents and sedentary lifestyles can cause blockages or 

constrictions in the lower spine that lead to pelvic spasms and other functional disturbances of 

the pelvic region (Wurn, et al., 2004). 

      Studies evaluating this technique have been focused on infertility issues due to the fact 

that this is the main aim of the therapy (Wurn, et al., 2004).  Due to the involvement of the 

pelvic region and exercises of the PFM's, this therapy has been clinically shown to have the 

same effects described above. 

      For further practical use of PFMT, the reader of this thesis is advised to read 'Pelvic Floor 

Re-education: Principles and Practice' by Kaven Baessler, et al.  
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5.2.10 Frenkel's exercises 

      Dr. H.S. Frenkel was a medical superintendent of the Sanatorium 'Dreihof' in Switzerland 

towards the end of the last century. He observed and studied tabes dorsalis and devised a 

method of treating ataxia (which is a prominent symptom of this disease) by the means of 

systemic and graduated exercises. Since then, his method has been used to treat inco-

ordination which results from many other diseases; MS related ataxia being one of them 

(O'Suillivan & Schmitz, 2006).  

      He aimed at establishing the voluntary control of movement by the use of any part of 

sensory mechanisms which remained intact, such as sight, sound and touch to compensate for 

the loss of the kinesthetic sensation. The process of learning this alternative method of control 

is similar to that required to learn any new exercise, the essentials being concentration or 

attention, precision and repetition. The ultimate aim is the establishment of movement control 

so that the patient is able and confident in his ability to carry out these activities which are 

essential for independence in everyday life (O'Suillivan & Schmitz, 2006).  

 

His therapy principles are as follows (O'Suillivan & Schmitz, 2006): 

1) The patient is positioned and suitably clothed so that the limbs are in view through the 

exercise 

2) A concise explanation and demonstration of the exercise is given before movement is 

attempted, to give the patient a clear mental picture of it 

3) The patient must give his full attention to the performance of exercise to make 

movement smooth and accurate 

4) The speed of movement is dictated by the physiotherapist by means of rhythmic 

counting , movement of the hands or the use of suitable music 

5) The range of movement is indicated by making the spot on which the foot and hand is 

to be placed 

6) The exercise is repeated many times until it is perfect and east. It is then progressed to 

a more challenging level 

7) All these exercises are very tiring at first, therefore, frequent rest periods must be 

allowed. 

 

      Evidence of use of this approach in MS is scarce, yet it is advisable to use in a clinical 

setting with respect the patient's safety.  
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5.2.11 Alexander technique 

      This technique was developed by Frederick M. Alexander and is a method of objective 

self-study that helps the individual to learn to perceive themselves more accurately. It is a 

hands-on method that allows the access to the mind-body connection, and therefore is a tool 

for change and self mastery (Vineyard, 2007).  

      The technique teaches the patient to improve movement skill in activities such as 

standing, sitting, walking, lifting, or even playing an instrument. It further teaches the patient 

to reduce unnecessary tension and to emphasise balance and co-ordination with every 

movement in everyday life. Thus by achieving this, it allows the individual to understand 

oneself physically and mentally (Vineyard, 2007).  

      The concept uses two main skills, inhibition and direction, collectively termed primary 

control. Inhibition is a type of thinking that prevents unwanted tension, unnecessary 

emotional reactions and maladaptive behaviour. Direction is a type of spatial thinking that 

enhances balance and co-ordination during movement (Vineyard, 2007).  

      Alexander concluded that the use of primary control in the technique disturbs the 

misconnection where the mind misperceives the body's feelings, and where the body fails to 

respond skillfully to the mind's intent. He described his method as 'the study of human 

reaction' (Vineyard, 2007).  

      Evidence of use of this technique in MS patients are scarce, however, due to the 

unpredictable nature of MS, patients loose the sense of control they occupy over their own 

body during the course of the disease. Thus this technique, if individualised may be of great 

importance, provided that it is carried out within the safety constraints of the patient. 

      For further reading, the reader is a referred to 'How you stand, how you move, how you 

live: learning the Alexander technique to explore your mind-body connection and achieve 

self-mastery' by Missy Vineyard.  
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5.2.12 Virtual reality (VR) 

      The application of VR technology for the purpose of medical diagnosis and treatment has 

become widespread in the recent decade. The greatest advantage of the therapy is its capacity 

of providing immediate performance feedback (Baram & Miller, 2006). 

      Several studies of the closed-loop effects of real-world visual cues on the regulation and 

stabilisation of gait have led to the development of a virtual reality apparatus. The closed-loop 

design employs a sensory feedback system to incorporate the patient's body motion in the 

display (Baram & Miller, 2006).  

      One study investigated the use of VR cues for improvement of gait in patients with MS. 

The results of this study supports the potential role of VR-based strategies as rehabilitation 

modalities in MS, and substantiate their specific implementation in efforts to alleviate, 

improve and restore mobility in patients with gait disturbances due to neurological disorders 

in general (Baram & Miller, 2006).  

      VR-aided neurorehabilitation that can demonstrate long-term motor skill learning may 

also elucidate important issues related to the modulation of neuronal network for better 

resource allocation, the potential for functional cerebral reorganisation, and the notion of 

interventional and adaptive cerebral plasticity (Baram & Miller, 2006). Extensive research is 

still required for its use in MS rehabilitation. 
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5.2.13 Robotics  

      This has been demonstrated that healthy subjects exposed to a force that disturbs their arm 

movements are able to adapt to this dynamic field and recover their original movements by 

canceling the disturbance using preprogrammed patterns of movement (Patton & Mussa-

Ivaldi, 2004). This motor learning mechanism based on feed-forward control component is 

still present in MS patients, both in the early stages and in more advanced phases of the 

disease (Patton & Mussa-Ivaldi, 2004). 

      On the basis of these considerations, a rehabilitative exercise that trains this anticipatory 

component of motor control through motor learning and force field adaptation would seem 

appropriate for the improvement of upper limb co-ordination and the reduction of disability in 

subjects in MS (Carpinella, Cattaneo, Abuarqub, & Ferrarin, 2009). 

      During the disease course, approximately three of four MS patients are confronted with 

upper extremity dysfunction, which can manifest bilaterally. As a consequence, a substantial 

number among them experience a negative impact on important ADL, resulting in 

dependence and reducing QoL. Surprisingly, given its relevance, physical rehabilitation 

studies that specifically target upper limb dysfunction in MS are scarce (Gijbels, Lamers, 

Kerkhofs, Alders, Knippenberg, & Feys, 2011).    

      For this reason, computerised robotic and (electro) mechanical devices have been 

introduced to provide autonomous, high-intensive training for the upper limb. Such devices 

could hold promise for complementing traditional MS therapy as therapy time dedicated to 

arm and hand function training is often limited, particularly being indicated in highly disabled 

MS patients who have a multiplicity of symptoms requiting treatment (Gijbels, Lamers, 

Kerkhofs, Alders, Knippenberg, & Feys, 2011).  

      In particular, this emerging technology enables independent and repetitive movement 

practice and this is a motivating, enriched and interactive virtual learning environment in 

which complex motor task (involving central neural pathways related to proprioceptive and 

visual feedback processing) need to be accomplished (Gijbels, Lamers, Kerkhofs, Alders, 

Knippenberg, & Feys, 2011). Furthermore, this form of therapy has the advantage of 

rehabilitating the more severely affected individuals who are unable to sufficiently lift their 

arm against gravity or those who lack minimal fine motor capacity to manipulate objects in 

daily life setting (Gijbels, Lamers, Kerkhofs, Alders, Knippenberg, & Feys, 2011). 

      Research in this field has increased greatly in the last decade. A preliminary result of a 

pilot study suggest that robot therapy could be beneficial for patients with MS in a clinical 

setting and may be beneficial for reduction of the upper limb motor co-ordination deficit 

(Carpinella, Cattaneo, Abuarqub, & Ferrarin, 2009). 

      Another pilot study aimed to determine the feasibility of a 8 week mechanical-assisted 

training program for improving upper limb muscle strength and functional capacity in MS 

patients with paresis. The training program was given supplementary on customary 

maintaining care by employing the Armeo Spring; a gravity-supported exoskeleton apparatus. 

The results suggested that upper limb functionality of high-level disability MS patients can be 

positively influenced by means of a technology-enhanced physical rehabilitation program 

(Gijbels, Lamers, Kerkhofs, Alders, Knippenberg, & Feys, 2011). Figure 11 shows an 

example of an Armeo spring. 
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      The MOA that is thought to implement the motor learning is the stimulation of restorative 

brain plasticity. On the other hand, the functional gain could also be owing to the usage of the 

more efficient compensation strategies (e.g. enhanced trunk and proximal arm movement) or 

the overcoming of learned non-used secondary to MS (Gijbels, Lamers, Kerkhofs, Alders, 

Knippenberg, & Feys, 2011).  

 

 

 

 

 

 

 

 

 

 

 

 

      Movement practice in a virtual environment with the Armeo Spring may rather be 

considered as dexterity training, by which partial reliability of the upper limb's weight enables 

the more severely affected patient to actively produce a larger ROM within a 3D workspace. 

Dexterity within this context is defined as the ability to address spatial and temporal accuracy 

necessary to make the movement meet environmental demands. Mechanical-assisted therapy 

in a virtual workspace does not only make use of the repeated movements of the upper limb. 

It also involves repetitive and active exertion of goal-directed movements with enlarged ROM 

and multi joint co-ordination, during the practice of complex motor tasks in an enriched 

learning environment (Gijbels, Lamers, Kerkhofs, Alders, Knippenberg, & Feys, 2011). Other 

use of robotics in MS rehabilitation is the use of Locomat for the purpose of gait training; 

figure 12 shows an example of a Locomat.  

 

       

 

 

 

 

 

 

 

 

 

 

 

 

      A pilot study to investigate the use of body weight supported treadmill training with and 

without the use of Locomat concluded that this form of therapy appears to be an activity 

Figure 11: an Armeo Spring (Zariffa, et al., 2012) 

Figure 12: a Locomat (Automation, 2010) 
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dependant, task-repetitive training with the potential to reduce gait impairments in MS (Lo & 

Triche, 2008). Another study to compare the effectiveness of robot-assisted gait training 

(RAGT) with that of conventional walking treatment on gait in MS patients concluded that 

RAGT is feasible and safe. Thus it may be an effective additional therapeutic option in MS 

patients with severe walking disabilities (Schwartz, et al., 2012).  

      It seems unlikely that robotic/(electro)mechanical-assisted training will arrive at better 

results than other training modality or therapist mediated training under the premise that the 

content, frequency, amount and intensity of therapy are not comparable. Yet, rehabilitation 

technology enables stimulating as well as cost-effective practice, since it can be performed on 

a relatively autonomous and additional basis. It can also be used by a more disabled patient 

population, specifically for those who do not meet the selection criteria for a functional 

training modality such as CIMT (Gijbels, Lamers, Kerkhofs, Alders, Knippenberg, & Feys, 

2011).  
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5.2.14 Physical therapy modalities 

      Electricity has an effect on each cell and tissue. The type and extent of the response are 

dependent on the type of tissue and its response characteristics and the nature of the current 

applied. Electrical current are used for (Hooker, 2005): 

- Creating a muscle contraction through nerve or muscle stimulation 

- To stimulate sensory nerves to help in treating pain 

- To create an electrical field in biological tissues to simulate or alter the healing 

process 

- To create an electrical field on the skin surface to drive ions beneficial to the 

healing process into or through the skin 

- To promote functional movements (Stokes & Stack, 2011)  

      There are several theories in which electrotherapy induces pain relief, these will be 

discussed in detail below and will be followed by their protocols of application. 

 

These methods are discussed below and will provide the reader with protocols of application 

to gain the required effect.  

 

TENS and Intense point stimulation 

a) The gate theory 

      Electrical stimulation of sensory nerves will evoke the gate control mechanism and 

diminish the awareness of painful stimuli. The guidelines are as follows: TENS waveform in a  

continuous form should be used with the current intensity adjusted to be tolerable but without 

induction of a muscular contraction; the pulse duration should be 75-100μsec and pulse per 

second should be 80-125.  

      The total treatment time should correspond to fluctuations in pain and the unit should be 

left on until pain is no longer perceived, then turned off, and then restarted when pain begins 

again. If the treatment is successful, then pain relief will present instantly within the first 30 

minutes of therapy. Yet, if it is not successful, it's advised to adjust the electrode placements, 

or to use a different theoretical approach (Hooker, 2005). 

 

b) Descending gait control theory (central biasing theory)  

      Intense electrical stimulation of the C fibers at peripheral sites (trigger points or acupoint) 

for short periods causes stimulation of descending neurons, which then affect transmission of 

pain information by closing the gate at the spinal cord level. This theory is used on sharp 

chronic pain or severe pathologic pain (Hooker, 2005).  

      The guidelines for achieving this effect: the use of a low-frequency, high-intensity 

generator in a pulsed form with an on time of 30 seconds to 1 minute, applied over triggers or 

acupuncture points. The current intensity should be very high; approaching a noxious level, 

yet a muscular contraction is not desirable. The pulse duration should be 10 msec and the 

Pulse per second should be 80.  

      The selection and number of points used varies according to the part treat and a low- 

frequency high-intensity generator should be used. If this treatment is successful, pain will be 
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relieved shortly after the treatment. If the treatment is not successful, then different electrode 

setup by expanding the treatment point should be done (Hooker, 2005).  

 

c) The opiate pain control theory 

      Electrical stimulation of sensory nerves may stimulate the release of enkephalines from 

local sites throughout the CNS, and the release of β- endorphin from the pituitary glands into 

the CSF. The mechanism that causes the release and then the binding of enkepahlin and β-

endorphin to some nerve cells is still unclear. It is certain that a diminution or elimination of 

pain perception is caused by applying an electrical current to areas close to the site of pain or 

to acupuncture or TrPts, both local and distant to the pain area (Hooker, 2005). 

      To use the influence of hyperstimulation analgesia and β-endorphin release, a point 

stimulation setup must be used. A large dispersive pad and a small pad or hand held probe 

point electrodes are utilised in this approach. The point electrode is applied to the chosen site, 

and the intensity is increased until it is perceived by the patient. The probe is then moved 

around the area, and the patient is asked to report relative changes in perception of intensity. 

When a location of maximum intensity perception is found, the current intensity is increased 

to a maximal tolerable level (Hooker, 2005). 

      Β-endorphin stimulation may offer better relief for the deep aching or chronic pain. The 

guidelines are as follows: the current intensity should be high, approaching a noxious level 

and a muscle contraction is acceptable. pulse duration should be 200 μsec to 10 msec and 

pulses per second should be between 1 and 5,using a high-voltage pulsed current. On time 

should be 30-45 seconds, and the stimulation should be applied over TrPs or acupuncture 

points. The selection and number of points used varies according to the part and condition 

being treated (Hooker, 2005). 

      A high-voltage pulsatile current or a low-frequency, high-intensity machine is best for this 

effect. If stimulation is successful, then pain relief is achieved at the end of the treatment, and 

the analgesic effect should last for 6-7 hours. If not successful, then expanding the number of 

stimulation sites should be done. Adding of the same stimulation points on the opposite sides 

of the body, and adding auricular acupuncture points, and adding more points on the same 

limb should be tried (Hooker, 2005). 

 

The reader is referred to section 4.5.2 where studies of the use of TENS and point stimulation 

for MS patients is used for pain management is discussed. 

 

Functional electrical stimulation (FES) 

      FES is a term that is used when the main aim of treatment is to enhance or produce 

functional movement. When used as an orthotic substitute, it can possibly be considered to be 

truly functional. The use of FES as part of a rehabilitation programme must be accompanied 

by an accurate explanation to the patient, including setting achievable goals so that the 

patient's expectations are realistic (Stokes & Stack, 2011). The reader is referred to section 

5.2.15 aids and patient habits, where FES specific to MS patients is advised.  
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Biofeedback  

      Feedback refers to the intrinsic information inherent to movement, including kinaesthetic, 

visual, cutenous, vestibular and auditory signals collectively termed as response-produced 

feedback. It also refers to extrinsic information or some knowledge of results that is presented 

verbally, mechanically, or electronically to indicate the outcome of some movement 

performance. Feedback from some measuring instrument that provides moment to moment 

information about biologic function is referred to as biofeedback (Prentice, 2005). 

      The biggest advantage of biofeedback is that it provides the patient with a chance to make 

appropriate small changes in performance that are immediately noted and rewarded so that 

eventually larger changes or improvements in performance can be accomplished. The goal is 

to train the patient to perceive these changes without the use of the measuring instrument so 

that they can practice independently (Prentice, 2005). 

 

      Clinical application of biofeedback is used for muscle re-education, relaxation of muscle 

guarding and pain reduction (Prentice, 2005). For MS patients, this technique is mostly used 

to mange bladder and sexual dysfunction through strengthening of the PFMs (Vermeulen, 

2003). The protocol of its application is found in section 4.2.1. Furthermore, MS related pain 

may also be managed by biofeedback (Burke-Doe, 2013). As mentioned above, the direct 

feedback is the greatest advantage of its use. For a full protocol of use, the reader is advised to 

read 'Therapeutic modalities in rehabilitation, 3
rd

 edition' by William E Prentice. 
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5.2.15 Aids and patient habits  

      Assistive technology and assistive devices are collectively termed aids. Assistive 

technology includes any item, piece of equipment, or product system whether acquired 

commercially or off the shelf, modified or customised, that is used to increase, maintain or 

improve the functional capabilities of individuals with disabilities. Assistive devices can be 

electronic, mechanical, manual or computerised, with the aim to compensate for sensory and 

functional loss in a way that allows the individual to obtain maximum independence and life 

satisfaction (Verza, Carvalho, Battaglia, & Uccelli, 2006).  

      Prescription of an aid is not uncommon for MS patients, especially within its progression. 

Yet, a follow up is also essential if aids have been prescribed during a relapse, as any recovery 

of movement must be maximised and not compensated by the patient retaining an 

inappropriate aid or gait pattern for their level of recovery. Yet, advantages and disadvantages 

of the use of the aid towards the patient's mobility must be weighed before the prescription is 

made (Stokes & Stack, 2011). These are summarised in table 10. 

 

Table  10: advantages and disadvantages of aids towards mobility (Stokes & Stack, 2011) 

Advantages Disadvantages 

 Increased safety and stability  Less low-limb weight-bearing 

 Reduced risk of falls  Loss of lower-limb muscle 

strength 

 Increased walking distance  Reduced head and trunk 

movements 

 Increased walking speed  Reduced balance reactions 

 Increased gait efficiency  Alteration of muscle tone 

 Improved quality of gait pattern   Postural abnormality (e.g. hip 

flexion, trunk lateral flexion) 

 Reduced fatigue  Upper limb function may be 

compromised  

 

 

      In the following section, orthotics will be discussed. Other types of orthotics described in 

the thesis in sections 4.4.1 ataxia and tremor, and 4.7 MS related visual loss. 

 

Orthotics: 

      An orthotics is a device that when correctly applied to the appropriate external surface of 

the body, will allow the achievement of one or more of the following (Stokes & Stack, 2011): 

- Relief of pain 

- Immobilisation of musculoskeletal system 

- Reduced axial loading 

- Prevention or correction of deformity 

- Improved function 

      The word splint suggests an orthotic device designed for temporary use. In neuro-

rehabilitation, upper extremity orthotics are often employed to provide dynamic force on a 
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joint to reduce contractures, while for the lower limbs, it's applied for the purpose of 

improving gait (Stokes & Stack, 2011). 

      The principle of orthotic use is in the pressure that it applies and the neural warmth that it 

provides. Pressure can be used to facilitate or inhibit muscle tone; and this could be done by 

the use of air-filled splints or tone-inhibiting casts. As for the neural warmth, any 

exteroceptive technique (for example splinting or using orthotics) results in this effect, and 

this leads to the inhibition of muscle tone (Stokes & Stack, 2011). 

      FES has some advantages over traditional orthotic devices from being a passive support to 

provide an active assistance. Commonly for MS patients who present with upper motor 

neuron lesions, and a resultant drop foot, the walkAide from Innovative Nuerotronic and 

NESS L300 from Bioness are both used and recommended. Both devices involve some sort of 

sensor to determine when the patient is initialising the swing phase of the gait cycle and send 

electrical stimulus to the peroneus nerve to dorsiflex the foot (Truman & Racette, 2013).  

 

Issues of aid abandonment 

      The term abandonment refers to the disuse of a previously obtained device, for any 

reason. In some cases, abandonment occurs even before the device is ever put to use. Lack of 

consideration of user opinion in device selection, poor device performance, change in the 

needs of the user, lack of training, inappropriateness of the device and other factors have been 

reported to influence assistive device abandonment in various disability groups (Verza, 

Carvalho, Battaglia, & Uccelli, 2006). 

      A study was carried out to determine the reasons of aid abandonment, and the results were 

grouped into four categories: worsening in physical status, non-acceptance of the device, 

insufficient or lack of information and training in regards to the aid and inappropriateness of 

the device (Verza, Carvalho, Battaglia, & Uccelli, 2006). Therefore consideration of these 

factors and assistance of the patient and family may significantly reduce the rate of 

abandonment.  

 

Patient habits 

      Smoking is generally pre-inflammatory, leading to increased tissue damage and apoptosis. 

Moreover, smoking can induce the CNS into further NO production; NO exposure results in 

conduction block and axonal degeneration. A study was carried out where the influence of 

smoking on disease progression in MS was studies in a prospective population in Tasmania. It 

concluded that smoking was positively associated with clinical disability progression over a 

3-year observation period. Thus MS patients are advised to avoid smoking (Pittas, et al., 

2009). 
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6 Use of Traditional Chinese Medicine (TCM) in MS  

      Chinese medical treatment depends upon analysis of the overall clinical signs and 

symptoms to differentiate diseases; this is called Bian Zheng Shi Zhi. TCM also stipulates that 

normal physiological processes and pathological changes express themselves as external 

symptoms and signs. To assess these, four methods are used to gather information, analyse 

pathological changes and make a diagnosis and then decide on the treatment. These methods 

are: Wang 望 (seeing), Wen 闻 (smelling), Wen 问 (asking) and Qie 切 (palpation). Clinical 

experience is essential to result in greater clinical accuracy and performance (Hou, Xu, & 

Wang, 2011).  

      Prior to embarking on the TCM theories, I would like to start by reminding the reader of 

the roots of Western medicine which extends back to Hippocrates. He provided a holistic 

picture of the state of health, stating that 'health depends upon a state of equilibrium among 

the various internal factors which govern the operation of the body and the mind, the 

equilibrium in term is reached only when man lives in harmony with his external 

environment' (Umphred, Davis, & Galantino, 2013). The basic assumption in this perspective 

is that health depends on a balance with mind-body and nature of the environment, and 

disease was a result of a disturbance of this balance. Preserving the balance was the priority of 

the practitioner. Three means were used to ascertain the characteristic of an illness: a dialogue 

with the patient, observational assessment of the patient's appearance and palpation of soft 

tissues and pulse. It was believed that the patient's attitude and expectations were valuable 

diagnostic and prognostic factors. This in fact coincides closely with the ICF model used 

today (Umphred, Davis, & Galantino, 2013). 

      This fact is pointed out in order to emphasise that alternative practices used in the basis of 

TCM is used not to replace traditional medicine, but rather to support and enhance the options 

available in health care (Umphred, Davis, & Galantino, 2013). 

       

      The two aspects of TCM that will be discussed in the scope of this thesis are acupuncture 

and Qigong. The first section will discuss acupuncture based on TCM and western theory, 

specifically towards the treatment of MS. The prevalence of acupuncture use will also be 

discussed and available evidence-based research will be viewed. The second section will 

discuss Qigong, introducing its principles and describe the choice of therapy towards MS 

patients with the use of recent evidence as well.   

  

http://www.chinese-names.net/word/%E6%9C%9B
http://www.chinese-names.net/word/%E9%97%BB
http://www.chinese-names.net/word/%E9%97%AE
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6.1 An insight into acupuncture  

      Acupuncture is one of the 5 categories that make up the TCM (the remaining are herbal 

medicine, diet and nutrition, Qigong and massage). Acupuncture is a healing method that 

restores the energy balance within the human being. After this process, the body and mind 

functions more efficiently in a balance and harmonious fashion (Umphred, Davis, & 

Galantino, 2013). 

      It involves the use of needles of stainless steel, the diameter 2 or 3x the width of a human 

hair, sharpened by a diamond. The needles are inserted into acupuncture points (which are 

1mm in diameter) located in specific pathways called meridians. After the needles are 

inserted, they are turned either clockwise or anticlockwise one revolution. Then, they are 

either taken out immediately or left in for a period of time, depending in the individual 

patient's imbalance and illness. Each treatment lasts 15-60 minutes. A routine protocol of 

treatment includes 2 sessions per week for the first 2-4 visits, and then one session a week 

once the patient experiences improvements (Umphred, Davis, & Galantino, 2013).  

 

      Acupuncture follows the law of 5 elements of nature; fire, earth, metal, water and wood 

and that these elements all relate to one another in a particular fashion. Figure 13 shows these 

elements and their interplay between them. Every human has a constitutional imbalance of 

one of these elements, and the explanation of how this happen lies in spiritual law. (Umphred, 

Davis, & Galantino, 2013).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Chinese theory of 5 elements (Group, 2008) 
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      These elements are present within our bodies, and each element has a particular colour 

that emanates from the face, a particular emotion that comes from the personality, a particular 

odor that comes from the body, a particular sound that comes from the voice, as well as a 

particular taste experienced in food. Each element also corresponds to a time of the day, a 

season and climate condition (Umphred, Davis, & Galantino, 2013).  

      The elements have organs relevant to it, with meridians which are housed by the element. 

They serve as channels for an electrical form of energy that flows through them. This energy 

is the life force, called Qi. There are 12 major meridians of each element, except for fire, 

which has 4. Each meridian has 9-67 acupuncture points where the acupuncturist can get in 

touch with the Qi to alter the altered flow when an imbalance is caused by a disease 

(Umphred, Davis, & Galantino, 2013). 

      Due to the fact that needling is considered to be an invasive technique, physical therapists 

are prohibited from using it by law in certain countries without the adequate qualifications. 

Therefore an alternative to needle acupuncture is noninvasive electroacupuncture or electrical 

neurostimulation, along with acupressure (Umphred, Davis, & Galantino, 2013). 
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6.1.1 Acupuncture specific to MS; explanation through TCM theory 

      Chinese medicine never discusses immunity directly. Instead it describes the clinical 

symptoms of the body's response to an invasion by external pathogens in terms of Zhen Qi 

(Vital Qi) which protects human health from these invasions (Hou, Xu, & Wang, 2011). 

      Yin refers to formed substances, such as organs, tissues, cells and body fluids, that is, 

visible and measurable things. Yang refers to the physiological function visible things, such as 

the ability of hydrochloric acid (HCL) and enzymes to digest food in the stomach or the 

function of thyroxine in regulating metabolism. Physiological function is based on substance. 

Without substance, there would be no source of function, and without function, substances 

exist as nothing more than an inanimate entity. If Yin and Yang separate from each other 

within the body and become incapable of aiding or assisting one another, life ends (Hou, Xu, 

& Wang, 2011).  

      Zheng Qi represents the energy of the body and the function of organs. As Yin is the 

foundation from which it is formed and is the basic substance of life, and so, if Yin becomes 

damaged from any reason, Zheng Qi will become deficient (Hou, Xu, & Wang, 2011).  

      Furthermore, there are 2 distinct concepts describing Qi and Yang. The first refers to the 

vital energies coursing through the human body and maintaining its activities, drawn from 

such substances as the Qi of water and food, the Qi of breathing and the Qi of other sources of 

life. The other refers to the physiological functions of the viscera and bowels and channels 

and collaterals, such as the Qi of the Heart, Lung, Spleen, Kidney, Stomach, etc.; this latter Qi 

refers specifically to the physiological function of the organs. Qi is a function of Yang, so 

Yang Qi is referred together (Hou, Xu, & Wang, 2011).  

      Yin deficiency is a prerequisite for a patient to develop an autoimmune disease. These 

diseases progress through 4 levels of transition: Wifen (protective level); Qifen (Qi level); 

Yingfen (nutritive level) and Xuefen (Blood level). These 4 syndromes can induce the 

development of all autoimmune diseases at any phase, including initial infection, immune 

reaction, breakdown of immune tolerance and the occurrence of tissue damage (Hou, Xu, & 

Wang, 2011). 

 

MS and TCM: 

      The symptoms of MS can be characterised by Chinese medicine as Wei Zheng (flaccidity 

syndrome), Ji Bi (rheumatism with muscle involvement), Bi Zheng (arthralgia syndrome), Shi 

Yin (aphonia), Xuan Yun (vertigo), Zhen Chan (tremors) and Niao Shi Jin (urinary 

incontinence). According to Chinese medical theory, the causes of MS are invasion of 

external pathogens and/or the presence of internal pathogens such as Heat and Dampness that 

block the channels, or the external invasions and internal pathogens damage the Yin, causing 

deficiency syndrome. Yin deficiency is a prerequisite that allows pathogens to remain in the 

body and induce more Heat syndromes. These Heat syndromes singe the Blood and cause 

Blood stasis and aggravate diseases (Hou, Xu, & Wang, 2011).  

      Invasion of external Wind, Cold and Dampness are important causes of the disease in the 

beginning stages when the body has insufficient vital Qi to prevent it from happening. The 

external pathogens invade muscles, limbs and joints, and obstruct the channels, leading to 

pain and numbness in the impaired area. Chinese says: 'Wind, Cold and Dampness are three 
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pathogens that invade the body and cause Bi (pain) syndrome. When the body cannot 

eliminate external pathogens that obstruct the channels for a long period of time, Qi and blood 

flow through them to nourish organs and the pathogens sink deeper into organs and destroy 

them, leading to chronic illness. The clinical symptoms and signs can be very complicated, 

manifesting as both excess and deficiency (Hou, Xu, & Wang, 2011).  

      Finally, the pathogens stagnate in the body, turning into Fire. In addition, as these patients 

usually have a constitutional Yin deficiency, deficient Fire causes the condition to damage 

Yin further. The Fire, whether excess or deficient, singes the Blood, thus causing Blood stasis. 

Finally, the body, joints and limbs become difficult to move and the illness results in 

deformities in the body (Hou, Xu, & Wang, 2011). 

       Therefore, the treatment of MS is based on differentiation of symptoms first. The reader 

is reminded that patients are individual and so all differentiations, treatment principles and 

treatment protocols must be individualised to each patient (Hou, Xu, & Wang, 2011). The 

treatment is to increase the chance of remyelination, inhibiting inflammation, degenerating the 

scar tissue and recovering myelin function. Table 11 displays the treatment protocol for 

acupuncture based on TCM theory for MS based on differentiation of symptoms. 

 

Table  11: treatment protocol of acupuncture based on TSM theory for MS based on differentiation of 

symptoms (Hou, Xu, & Wang, 2011) 

Acupuncture point Treatment 

principle 

Clinical manifestation Disease course 

 Du-14 Dazhui 

 BL-13 Feishu 

 LI-11 Quchi 

 LI-4 Hegu 

 TB-5 Waiguan 

 GB-30 

Huantiao 

 

 Dispel 

external 

pathogenic 

Wind and 

Cold 

 Drain 

Dampness 

 Open 

channels 

and stop 

pain 

 Pain 

 Numbness or a 

tingling sensation in 

the back and limbs 

 Cold intolerance 

 Headache 

 Dizziness 

 Heavy sensation in the 

body making it 

difficult to move 

 White tongue with a 

sticky and greasy 

coating 

 Slippery pulse 

Invasion by Wind, 

Cold and 

Dampness 

 LI11- Quchi 

 ST-36 Zusanli 

 ST-40 

Fenglong  

 SP-9 

Yinlingquan 

 

 Clean the 

pathogenic 

Heat 

 Drain 

Dampness  

 Flaccid legs 

 Pain and tingling in 

the limbs swollen legs 

and  slight hot 

sensation when the 

skin is touched 

 Tongue has a yellow 

sticky coating 

 Soft and rapid pulse 

 

Damp heat  

 Du-20 Baihui  Nourish  Muscle weakness and Deficiency of liver 
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 BL-18 Ganshu 

 BL-23 

Shenshu 

 SP-6 

Sanyinjiao  

 KI-3 Taixi 

 

liver and 

kidney Yin 

flaccidity 

 Thirst with no desire 

to drink 

 Sore and numb limbs 

 Dizziness and blurred 

vision 

 Red tongue with less 

coating 

 Thread and rapid 

pulse 

and kidney Yin 

 BL-18 Ganshu 

 BL-23 

Shenshu 

 Du-20 Baihui 

 GB-20 

Fengchi 

 

 Calm Liver 

 Extinguish 

Wind and 

stop tremor 

 Spasm 

 Twitching of the 

limbs 

 Unsteadiness when 

walking 

 Shaking or paralysed 

limbs 

 Incontinence  

 Pink or red tongue 

with thin white 

coating 

 Fine and relaxed pulse 

Tremor  

 BL-17 Geshu 

 BL-18 Ganshu  

 SP-10 Xuehai   

 Du-20 Baihui 

 

 

 Remove 

Blood 

Stasis and 

nourish Yin 

 Weak legs 

 Unsteadiness when 

walking or paralysis 

 Numbness and 

unclear speech 

 Red tongue with less 

coating with distended 

sublingual veins 

 Deep and fine pulse  

Blood stasis 
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6.1.2 Acupuncture specific to MS; explanation through Western medical theory  

Use of acupuncture for MS related pain: 

      It has been proposed that an innate mechanism of rebound analgesia after an acute 

noxious stimulus from acupuncture (or heat through acupressure) occurs. This is termed 

diffuse noxious inhibitory control (DNIC). Acupuncture induced DNIC is believed to be 

mediated by the release of endogenous opioid neuropeptides and/or monoaminergic 

neurotransmitters. This is proved by the use of naloxone (a central and peripheral opioid 

receptor antagonist) which reverses the effects of acupuncture induced DNIC. DNIC is 

believed to rely on the spino-bulbo-spinal loops that involve the ascending neural pathways in 

the anterolateral spinal columns, integration in the lower brain stem, and descending 

influences reaching the dorsal horn neurons via the dorsolateral quadrant of the spinal cord 

(Kavoussi & Ross, 2007).   

 

Use of acupuncture for the purpose of anti-inflammatory responses: 

      Laboratory and clinical evidence have shown that it is the parasympathetic nervous 

system that plays the leading role in the down-regulation of cytokine synthesis and 

containment of somatic inflammation (Kavoussi & Ross, 2007).  

      The vagus nerve has been found to play a systemic immunoregulatory and homeostatic 

role called the cholinergic anti-inflammatory pathway. The parasympathetic origin of the 

nonspecific anti-inflammatory actions of acupuncture is in fact supported by the observation 

that the direct electrical stimulation of the vagus nerve in lipopolysaccharide (LPS)-

challenged wildtype mice inhibits the synthesis of TNF in organs rich in cells of the 

monocyte-macrophage system.  

      Furthermore, vagus nerve stimulation inhibits the inflammatory responses and suppressed 

the development of swelling. Therefore this pathway could be a very plausible physiological 

mechanism for the reported anti-inflammatory actions of acupuncture (Kavoussi & Ross, 

2007).  

      The cholinergic anti-inflammatory pathway can also explain the reported antipyretic 

actions of acupuncture, which are relieved to be mediated by the down-regulation of 2 

specific cytokines, IL-6 and IL-1β.50. Moreover, sections of the Stomach and Spleen 

meridians known to generate parasympathetic stimuli nearly correspond to the known vagus 

nerve pathways in the supradiaphragmatic and subdiaphragmatic viscera.  

      This could explain why the stimulation of ST-36 Zusanli point on the Stomach meridian 

(found 3 inches below the inferior border of the patella and 1 inch lateral to the anterior crest 

of the tibia) induces peristalsis in postoperative ileus both in rabbits and men. This is 

explained by saying that stimulation of this point in fact caused a broad parasympathetic 

effect of the vagus nerve. This evidence is based on laboratory research, and must further be 

validated by translational investigation (Kavoussi & Ross, 2007).  

 

Other physiological effects of acupuncture: 

      Acupuncture is shown to induce vasodilatation both peripherally and centrally. In the 

CNS, this may be mediated by calcitonin gene-related peptide. The effect of acupuncture may 

be potentiated by serotonin, and a variety of neuropeptides (Rabinstein & Shulman, 2003). 
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6.1.3 The prevalence of acupuncture use by MS patients in different populations  

      It's important that professionals working within a traditional rehabilitation environment 

understand the principles and practices of complementary, alternative and even 

transdisciplinary approaches to the treatment of movement problems because many of these 

therapeutic approaches are being proposed as options in the management of body system 

problems and restrictions in daily activities and independence resulting from neurological 

problems. Moreover, because scientific description is no longer considered purely objective, 

but rather epistemology, these approaches are becoming an integral part of every scientific 

theory (Umphred, Davis, & Galantino, 2013).  

      The terms complementary and alternative therapy (CAM) indicates the way on which 

unconventional medicine is used (refers to therapies that not typically taught in medical 

school or generally available hospitals). Complementary therapies are used in conjunction 

with conventional therapies, while alternative therapies are used instead of conventional 

therapies. CAM brings on 2 therapeutic effects, and these are 1) disease-modifying and 2) 

symptomatic (Bowling A. , 2010). 

 

Why has the use of CAM therapies increased dramatically? 

      More and more people are displeased by the lack of compassion of a large percentage of 

the medical profession. This involves the patient being approached by the physician as a 

disease rather than a person. Furthermore, the hurried 5-10 minute visits to the physician that 

are in fact encouraged by the health maintenance organisations have become intolerable. 

Lastly, the lack of compassion by physicians and the inability to develop a bond with the 

patient is truly a great factor for patient's seeking CAM therapies (Umphred, Davis, & 

Galantino, 2013). These reasons are very true in the case of a disease with a lifelong trajectory 

that impacts on QoL such as MS (Esmonde & Long, 2008).   

      Results from current research also indicate that when conventional medical care is 

inaccessible due to organisational nature and structure of the health care system, the CAM 

therapies are more likely to be used in greater number (Ayers & Kronenfeld, 2012).  

      In fact, in a nationwide survey in the United States of America (USA) of 3,140 MS 

patients, it was found that 57.1% of MS patients had used one CAM therapy, while 70.2% of 

those individuals had more used 3 or more CAM therapies; acupuncture being one of them 

(Nayak, 2003). The study concluded that this is induced by the sudden change from a stable 

and manageable condition to a deteriorating condition while the disease progresses, and thus 

causing patients to be more concerned about exploring all possible treatment options (Nayak, 

2003). 

      Another questionnaire survey and workshop was conducted in Manchester, UK, to 

question the number of MS patients using CAM therapies. The results showed that 84% of 

respondents had used CAM therapies in the year prior to this research, with the rate of 

acupuncture used being 21%. The study also took into account the benefits of acupuncture for 

the MS patients, and these included: relaxation, reduction of pain, improvement in balance, 

improvement in flexibility, assistance in faster recovery from relapses, general well being, 

increase of energy and the feeling of 'doing something' (Esmonde & Long, 2008). These 
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findings were in fact similar to those found in the study conducted by Nayak in the US 

(Esmonde & Long, 2008). 

      Likewise, in a 3-year longitudinal study of 621 MS patients in the southwest USA 

surveyed participants regarding 12 different CAM therapies, including acupuncture. Results 

indicated 33% of the 621 patients have in fact currently used 1 of these 12 CAM therapies, 

and 50% have used a CAM therapy in the past (Stuifbergen & Harrison, 2003). 

      Another study conducted in two neurology clinics in Germany examined the frequency of 

the use of CAM by 254 MS patients. Findings suggested 67.3% of individuals were currently 

using a CAM for an average of 2.7 therapies (Apel, Greim, Konig, & Zettle, 2006).  

      Lastly, a survey of 1667 MS patients in Oregon and Washington reported CAM as the 

following: 87.9% have used CAM in one point of their disease course, 71.1% currently use 

and 16.9% have used it in the past, while 12.1% have never used CAM (Shinto, Yadav, 

Morris, Lapidus, Senders, & Bourdette, 2006).  

      Other patters include the use of CAM therapies as a complement to conventional 

medicine. Individuals to not tend to give up their conventional healthcare providers to replace 

it with CAM treatment. The trend is to use CAM as an adjunct to the treatment being received 

from a conventional medical doctor, for the hope of treating or managing their MS symptoms 

(Olsen, 2009). 

      It is safe to say that the prevalence of CAM use in different populations warrants more 

research on the efficacy and safety of these therapies (Nayak, 2003). Physicians and other 

health care professionals must be aware of the extensive use of alternative modalities among 

MS patients, and these professionals must provide guidance and monitoring in use of these 

therapies to improve outcomes (Stoll, Nieves, Tabby, & Schwartzman, 2012).  
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6.1.4 The use of acupuncture in MS in an evidence-based scientific research review 

      It is true that complementary medicine does not remotely offer a cure but its strength lies 

in the improving of QoL. Rigorous research on the complementary treatments of MS 

symptoms is scarce, yet some are available (Huntley & Ernst, 2000).   

      Acupuncture research in non-MS population has demonstrated a variety of benefits such 

as reduced pain , improved mood, improved sleep quality, reduced fatigue, improved bladder 

function, enhanced energy and improved QoL. These benefits may contribute to an overall 

enhancement in perceived QoL in MS patients as well (Donnellan & Shanley, 2008).  

      This was established by a review of the available studies on acupuncture commissioned by 

the National Institute of Health in 1997, where it was concluded that there was a clear 

evidence that acupuncture was beneficial for pain and certain other symptoms  and stated that 

the evidence was strong as it is 'for many accepted Western medical therapies'. The panel also 

found that acupuncture was remarkably safe and with fewer side effects than many well-

established therapies (Yang, 2010). Furthermore, when acupuncture is provided by a well 

trained practitioner, it is generally very well tolerated (Bowling A. C., 2010).  

      For this reason, a study was carried out to compare the effect of Chinese medical 

acupuncture and minimal acupuncture on the perceived QoL of individuals with secondary 

progressive MS, and further to provide preliminary information regarding the safety of 

acupuncture for this population, influencing the occurrence of adverse effects. The hypothesis 

was positively supported (Donnellan & Shanley, 2008).     

      Another study aimed to assess the changes in self-reported QoL from hospitalisation to 18 

months later among people with MS who have participated in treatments based on 

collaboration between conventional healthcare providers and CAM practitioners. The results 

showed that there were significant changes in QoL compared to those who have undergone 

the collaborative treatment, over the basic practice model, in the areas of emotional well-

being, thinking and fatigue. The results indicate that collaboration between healthcare 

providers and CAM practitioners can improve treatment outcomes regarding some of the 

psychological aspects of QoL over a period of 18 months for people with MS (Bjerre, 

Henningsen, Skovgaard, & Launso, 2011). 

      Similarly, another study was carried out to observe the effect of electro-acupuncture on 

the effect of MS related bladder dysfunction. As mentioned previously in this thesis, the 

current pharmacological treatment for this symptom has substantial adverse effects. 

Furthermore, catheterisation, although effective, has its expense on the QoL. Thus the 

advantage of acupuncture to treat this symptom is its safety and side effects occurring rarely. 

This study has concluded that electro-acupuncture provides a useful role in MS patients with 

mild bladder dysfunction who do not wish to take medication or are unable to due to the side 

effects. The authors suggest a larger, randomised controlled trial with a longer period of 

follow up to assess the efficacy of electro-acupuncture in this patient group (Tjon Eng Soe, 

Kopsky, Jongen, de Vet, & Oei-Tan, 2009).  

      Moreover, a multimodal stepped approach with acupuncture and PRAR-α agonist 

palmitoylethanolamide (PEA) in the treatment with MS and central neuropathic pain was 

introduced. Yet it should be highlighted that this work is a case study report. This multimodal 

stepped care approach influencing neuropathic pain through a new target, which is the 



111 
 

modulation of non-neuronal cells, such as glial and mast cells, is a promising strategy. Both 

acupuncture and PEA are safe and well tolerated for the reduction of neurogenic pain and can 

easily be combined as well as added to classical analgesic medication, without fear of 

negative interactions (Kopsky & Hesselink, 2012).  

      In regards to MS related spasticity, an investigation of its management using acupuncture 

based on TCM was done. In the study, the holistic effect was noticeable, and three of four 

patients said they had benefited from the short course of acupuncture, being more able to cope 

with problems of work and families (Miller R. E., 1996).  

      Furthermore, some great breakthroughs have been made in the treatment of stroke related 

paralysis and acupuncture that I would like to point out in this section. While the mechanism 

of stroke related paralysis and MS related paralysis may not be caused by similar action; the 

MAO through acupuncture might benefit this symptom caused by different etiologies. 

      It was shown that acupuncture may change the motor neuron activity and/or change 

synaptic transmission from muscle afferent terminals to spinal motor neurons, presumably 

mediated by presynapic interneurons. Further changes in intrinsic motor neuron properties, 

including membrane resistance or membrane receptor responsiveness to released transmitters 

is seen as a result of acupuncture (Mukherjee, McPeak, Redford, Sun, & Liu, 2007). 

      Moreover, acupuncture or laser acupuncture was effective to reduce paralysis in 66.3% of 

193 stroke patients reviewed by one study. The best results were observed when the treatment 

was initiated within 24-36 hours post stroke onset in ischemic infarct cases after bleeding was 

controlled. It was hypothesised that acupuncture may increase cerebral blood flow or promote 

vasodilation. It was shown that post stroke acupuncture's effect to increase cortisol levels may 

contribute to less brain edema in acute stroke, hence less brain damage. The patients also had 

better motor function, ADL and QoL measures at 1 and 3 months, and 1 year post stroke as 

well as better postural control at 2 years post stroke compared with patients who only had 

physiotherapy treatment at 4-10 days post stroke (Naeser, 1997).  
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6.1.5 Integration  

      For our professions, holistic approaches have created and will continue to create change, 

and this change should be understood. A big difference is that at this time in history, we have 

scientific methods of understanding our nonlinear, complex, evolving, multidimensional, 

multilevel, continually reacting, irreducible world (Umphred, Davis, & Galantino, 2013). 

      Until research models are developed and instrumentation becomes available that measures 

multiple systems at multiple levels of consciousness simultaneously, it will be difficult to 

prove the strengths of any aspects of alternative approaches to patient management. That 

doesn’t mean that evidence is lacking, but that our research skills may not have developed to 

the level of measuring all the influences that are interacting simultaneously during a 

complementary approach intervention (Umphred, Davis, & Galantino, 2013).  

      Finding those research models with supporting instrumentation is and will continue to be a 

challenge to therapists who choose to incorporate these interventions as part of their 

professional management of patients with neurological disabilities (Umphred, Davis, & 

Galantino, 2013).  

      The main importance is that all approaches focus on helping the MS patient maintain or 

regain a QoL that is within the person's potential in respect to their safety (Umphred, Davis, & 

Galantino, 2013).    
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6.2 An insight into Qigong  

      The Yellow Emperor's Classic Book of Medicine is an ancient Chinese text that was 

originally published around 300 before Christ (BC) and contains some practical advice on 

how to achieve health and live a long life. The material in this ancient text is presented as a 

form of dialogue between an apprentice Huang Ti and his master Qibo. Qibo instructs his 

apprentice as to how people in ancient times lived well into their hundreds, without showing 

the usual signs of ageing. Qibo says that this is because: 'They formulated and utilised 

practices such as Dao Yin (the ancient word for Qigong), including gentle body movements, 

self-applied massage, breath practice to promote qi flow, and meditation to harmonise 

themselves with nature and the universe. They lived a natural life of balanced diet, sufficient 

rest, avoidance of the effects of stress on body and mind and careful refraining from over-

indulgence. They purposely maintained well-being in harmony with the body, mind and spirit' 

(Mills N. , 2010). 

      The fact that in 300 BC, the writing was referring to practices that were then considered 

from ancient times indicates that the practice of qigong has been in existence for some 

considerable time. The use of gentle body movements, self-applied massage, breath practice 

and meditation were, even then, the essential components of qigong (Mills N. , 2010).  

 

What is Qigong? 

Qigong is a method of harmonising and keeping healthy the qi in the body so that disease 

does not develop. The principles of qigong include the cultivation of relaxed breathing, 

correct alignment of posture, slow and graceful movement, and meditation (Mills N. , 2010). 

      It is important to note that there are many different types of qigong. For people with MS, 

the water approach is recommended.. This refers to a type of instruction, which advocates 

softening and flowing (Mills N. , 2010). 

 

Tai chi: 

      Tai chi is a relatively new development of qigong. It embodies the basic principles of 

alignment, posture and breathing that have been developed through qigong. However, tai chi 

takes these basic principles and uses them in the context of more complex patterns of almost 

dance-like movement. The patterns, also known as forms, are said to have often been inspired 

by the study of nature, in particular movements of animals. Some of the forms were designed 

to develop abilities of self-defense, as used in the martial arts. Other forms were used to 

facilitate spiritual development (Mills N. , 2010). 
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6.2.1 MS from the Qi point of view 

     The most basic translation of qi refers to the idea of energy. It is a fundamental proposition 

in physics that energy and matter is one and the same thing. It is only the speed of vibration, 

which makes some forms of energy appear solid, liquid or other forms of energy to be 

manifested as heat or light (Mills N. , 2010). 

      It is Einstein's more recent formula of energy (Energy= mass x speed squared) that the 

ancient Chinese also described many thousand years ago. The Chinese saw that the human 

body was an integrated pulsating field of energy and a continual process of alchemy. The term 

alchemy refers to the process whereupon one substance is transformed into another (Mills N. , 

2010).  

      The ancient Chinese also observed that qi fields do not operate in isolation, but are 

affected by other energy fields. Strangely, whilst we recognise that the energy field of the 

oceans is affected by the energy of the moon and we accept that the energy field of sensitive 

equipment can be affected by the energy fields of mobile phones, there is considerably more 

resistance to an acceptance that the far more sensitive energy field of the human nervous 

system may be positively and negatively affected by surrounding energy fields (Mills N. , 

2010). 

      The basic premise of qigong is that the symptoms of MS are a reflection of an underlying 

disturbance in the qi flows of the body. Thus the order of change that needs to occur, 

according to Chinese medicine, is that first, the energy system of the body has to be brought 

into a healthy pattern. This includes dietary advice, the use of herbs, and acupuncture, and the 

practice of qigong. As mentioned before, qigong is essentially a method of harmonising and 

keeping healthy the subtle energy patterns in the body so that disease does not develop (Mills 

N. , 2010). 
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6.2.2 Qigong exercises for MS 

      The rationale of using qigong for MS patients are the following: Qigong cultivates a 

feeling of compassionate ownership of the body. It further slows down the process of walking 

and the process of movement, so that the mind has sufficient time to enter the body and carry 

out desired movements in a more unified way. It's also important to note that qigong walking 

differs than normal walking, in the way that it encourages the lower centre of gravity than we 

experience in normal walking. Moreover, it improves balance and reduces the likelihood of 

falling, and teaches a way of reducing nervous excitation and cultivating calm. Finally qigong 

encourages a sense of empowerment (Mills N. , 2010).  

      For a detailed explanation of a qigong exercise programme, the reader is referred to 

"Qigong for Multiple Sclerosis: finding your feet again by Nigel Mills". A brief overview of 

this programme is summarised in this section in its 6 different stages (Mills N. , 2010): 

Stage 1: cultivating safety 

Stage 2: releasing tension- stretching, shaking and bouncing 

Stage 3: encouraging alignment 

Stage 4: self-healing- creating inner space 

Stage 5: developing a sense of balance 

Stage 6: finding your feet again 

6.2.3 Effect of Qigong therapy in MS; evidence- based trials 

      Only one study of a pilot evaluation of the usefulness of tai chi/qigong for people with MS 

was carried out. Eight MS patients were monitored for a period of 2 month baseline and 2 

month evaluation. The qigong exercises used in this study was similar to the programme 

described above; furthermore a brief tuition of qigong self massage called 'Tui Na' was also 

carried out (Mills, Allen, & Morgan, 2000). Figures 14, 15 and 16 demonstrate the exercises 

of Qigong weight shifting and walking and Tui Na massage respectively.  

      The study concluded that an intervention of 6 sessions of individual qigong instructions, 

supplemented by audio and video teaching aids produced significant improvements in 

depression and balance across the group as a whole. Specific improvements for individuals 

were also reported on a range of other symptoms including spasms, numbness, bladder control 

and walking (Mills, Allen, & Morgan, 2000).  
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Figure 14: learning to shift weight (Mills, Allen, & Morgan, 2000) 
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Figure 15: Tai Chi walking (Mills, Allen, & Morgan, 2000) 

Figure 16: Tui Na massage of the hands (Mills, Allen, & Morgan, 2000) 
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7 Future of neuro-rehabilitation in MS  

7.1 Plasticity  

      It has been proven that there is an existence of neuroplastic mechanisms reflecting the 

plasticity of the adult human brain, such as cell renewal, remyelination, neurite extension, 

new synapse formation, ion channel redistribution and cortical re-organisation processes 

involving the main associative pathways in MS (Pellettier, Audoin, Reuter, & Ranjeva, 2009). 

These neuroplastic processes may reduce clinical expression of some symptoms such as 

motor disorders and cognitive deficits, during the early stages of MS (Pellettier, Audoin, 

Reuter, & Ranjeva, 2009). 

      This was tested through a preliminary study in terms of therapy induced plasticity using 

fMRI. The findings suggested that MS patients can benefit from cognitive therapy irrespective 

of the severity of cognitive dysfunction and that functional plasticity can be enhanced by 

neuropsychological intervention (Penner, Kappos, & Opwis, 2005). 

      As for rehabilitation for comprehensive MS symptoms, the knowledge of brain plasticity 

can promote strategies based on specific trainings designed to enhance the potential 

compensatory mechanisms. Therefore, maintaining the patient's functional performance by 

preventing or reducing the clinical expression of MS (Pellettier, Audoin, Reuter, & Ranjeva, 

2009). 

      Further information is still needed about the mechanisms underlying the neuroplasticity in 

terms of functional re-organisation, along with the morphological and metabolic correlates 

(Ibrahim, et al., 2011).   
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7.2 Mesenchymal stem cells (MSC) and Haematopoietic stem cells (HSC) 

      MSC's can be obtained from bone marrow and is induced to differentiate in a variety of 

adult tissues. It is shown that MSC can migrate to the damaged brain and can provide an ideal 

cell source for repair. Furthermore, MSC can also suppress T-lymphocyte activity, thus 

exerting an immune-regulatory capacity both in vitro and vivo (Zappia, et al., 2005).    

      For specificity towards MS, a study was carried out to administer MSC with the aim of 

curing EAE (the animal model of MS). The results revealed suppression of T cells and 

induction of peripheral tolerance in acute and peak stages of the disease. However, no 

improvements were seen clinically nor histologically when the disease reached chronic stages 

(Zappia, et al., 2005). Further studies and clinical trials are still needed. 

      As for the rationale of using autologous HSC as a treatment for MS is that intensive 

immune oblation could eliminate the existing auto reactive repertoire and that HSC transplant 

would allow the immune system to redevelop from primitive hematopoietic precursors. 

Newly developed T and B cells would be re-introduced to auto-antigens and would undergo 

self tolerance. In view of the role of environmental factors, this resetting of the immune 

system hypothetically would allow the patient's immune system to redevelop in the presence 

of other environmental factors then those that led to the initial development of the disease.     

      The genetic background that is predisposed for autoimmunity then would remain the sole 

etiological factors and concordance rates of MS in identical twins can be used to estimate the 

recurrence rate. With these lying around 30%, it would suggest that autologous HSC 

transplantation could lead to sustained remission if complete elimination of auto-reactive 

lymphocytes could be achieved (Wijmeersch, Sprangers, Dubois, Waer, & Billiau, 2008). 

      Patients with severe forms of MS who respond insufficiently to standard immune-

modulatory and immune-suppressive therapy have been shown to benefit from severe 

immune-suppression followed by autologous HSC transplant (Wijmeersch, Sprangers, 

Dubois, Waer, & Billiau, 2008). 

      Autologous HSC transplant has the capacity to almost completely suppress inflammation 

and can arrest the progression of disability in almost 60-70% of severe MS cases for an 

extended period of time. It is a powerful therapy for the malignant forms of MS, and can 

induce a profound recapitulation of the immune system for a period of at least 2 years 

(Mancardi & Saccardi, 2008).  

      Yet, there is still no consensus on the best conditioning regimen with the highest ratio 

between efficacy and toxicity (Mancardi & Saccardi, 2008). Lastly, since, severe immune-

suppression is a prerequisite for the procedure of autologous HSC transplant, this remains a 

high risk therapy for the treatment of MS (Wijmeersch, Sprangers, Dubois, Waer, & Billiau, 

2008).  
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8 Findings   

      This extensive literature overview outlines that the treatment of MS is an ongoing process 

of improving the patient's QoL. Since to date there is no definitive cure for MS, 

pharmacotherapy is the first line of choice. Nevertheless, clinical trials with the use of MSC 

(Zappia, et al., 2005) and HSC (Wijmeersch, Sprangers, Dubois, Waer, & Billiau, 2008) are 

currently in practice, and have shown some positive results. Yet, more research and trials are 

needed in order to insure their efficacy and safety as choice of treatment for MS, especially in 

the chronic and progressive stages of the disease. 

      Furthermore, the studies that were found were numerous, yet targeting two or three 

symptoms of MS, with the use of specific choices of therapy or programmes. One major 

limitation of overall studies was that they excluded the more disabled MS populations. Yet the 

trend of the studies did show significant improvements of different aspects of rehabilitation 

within different parameters of work.  

       

      Going back to pharmacotherapy, it is used for firstly control the immune-mediated 

reactions, and secondly to manage the symptoms of MS (Noseworthy, Miller, & Compston, 

2005). The symptoms that are managed include ataxia and tremor, bladder, bowel and sexual 

dysfunctions, spasticity, pain and more. However, the excess of medication that patients take 

brings about out other side effects that sometimes exaggerate other co-existing symptoms, 

which in turn affect's the patient's everyday living. This does not mean that pharmacotherapy 

should be discontinued, but it should be complimented by other forms of rehabilitation and 

alternative techniques in order to optimise the effects that it is targeting. 

      Therefore it is very important to work within a comprehensive inter-disciplinary team to 

inform the patient of all possibilities of assistance, interventions, support groups, and 

available associations (EMSP, 2004). The team should also allow and promote the inclusion 

of complementary or alternative therapy (CAM) practitioners. This is because it has been 

reported that the prevalence neurological patients (including those with MS) using CAM 

therapies with the inclusion of acupuncture is very high (Nayak, 2003). Some reasons for 

seeking these forms of therapies have been because of patient complaints in regards to their 

health care system and physicians (Ayers & Kronenfeld, 2012), or due to finding other means 

of management and control over their symptoms, especially due to the nature of the disease 

being progressive and unpredictable (Olsen, 2009).  

      So, with the prevalence being high, these therapies should not be ignored. Research on 

these methods have been increasing, and specific studies of both acupuncture and Qigong 

therapies on MS patients have resulted in great outcomes in immune-modulating action of 

acupuncture, it's effects on pain, parastheisa, paralysis and weakness, vision, tremors, 

incontinence and dysarthria. The mechanisms in which they operate is still argued upon, since 

acupuncture based on TCM theory work within their own system of differentiation of 

symptoms (Hou, Xu, & Wang, 2011), while acupuncture based on western theories argue on 

changes within the cholinergic anti-inflammatory pathways and emphasise on the 

parasympathetic action of the vagus nerve (Kavoussi & Ross, 2007).  As for Qigong for MS, 
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it has shown to improve weakness and further gait, tremors, spasms, parasthesia, incontinence 

and depression (Mills, Allen, & Morgan, 2000).  

      Therefore, it is advised for health care professionals to educate themselves on these 

means, and not to discard them when the patient encloses the fact that they would like to try 

CAM (Umphred, Davis, & Galantino, 2013). It is further advised for the health care 

professionals to locate well trained CAM practitioners, especially an acupuncturist or a 

qualified Qigong teacher within their community, to ensure the safety of their patients 

(Bowling A. C., 2010).  

 

      Moving towards the remaining members of the team, it is rational to say that symptomatic 

management is the key goal in obtaining a high QoL. The availability of a variety of 

techniques and methods allow the health care provider to find the optimal process to be used 

for the patient with respect to their individuality. It is important to note that a combination of 

these techniques should be used in a clinical setting to compliment the whole rehabilitation 

process.  

      For example exercise therapy, which was discouraged prior to 1984 due to the false belief 

that it promoted Uhtoff's phenomenon (Schulza, et al., 2004), is now greatly used in MS 

patients. There are now recommendations of endurance, resistive or combined exercises put in 

use for immune-modifying effects (Doring, Pfueller, Friedemann, & Dorr, 2012) and 

improving muscular strength (Hortobágyi, et al., 2000), cognitive functioning and brain 

plasticity (Doring, Pfueller, Friedemann, & Dorr, 2012), cardiovascular (Prakash, et al., 2007) 

and respiratory parameters (Rasova, Brandejsky, Havrdova, Zalisova, & Rexova, 2005).    

      Moreover, fatigue, tremor and ataxia has to be respected in regards to exercise, and that is 

the reason why WBV for MS patients is being promoted into use in clinical settings further, 

since it has shown to increase muscle activity, strength and functional mobility associated 

with traditional neuromuscular training (Jackson, Merriman, Vanderburgh, & Brahler, 2008). 

Yet, further rigorous trials are still needed to further validate these effects (Santos-Filho, 

Cameron, & Bernardo-Filho, 2012). 

      In addition, with patients who find difficulties in exercising due to problems with change 

of temperature, fatigue, spasticity and pain, then aquatic exercises are a great alternative. 

These use the properties of water (buoyancy, turbulence, hydrostatic pressure and resistance) 

to bring about great improvements in muscle strength, general fitness, mobility, ROM, 

flexibility, balance, fatigue, pain and increase of QoL in MS patients (Coxhead, 2009). Yet it 

is advised for the patient to have a medical clearance to engage in aquatic activities and for 

the therapists to manage symptoms of incontinence, fatigue, transfers and other difficulties in 

advance.   

       

      Similarly, technology is further penetrating neuro-rehabilitation, and there have been great 

strides for MS. Firstly, electrotherapy in the form of TENS and point stimulation is widely 

used for management of pain (Burke-Doe, 2013). Further, biofeedback is also used for pain, 

as well as for strengthening of PFMs by simulating the pedundal nerve and through this 

mechanism, control symptoms of bladder, bowel and sexual dysfunction (Vermeulen, 2003). 

This is possible because in MS patients, the peripheral motor pedundal nerve is intact 

(Jameson, Rogers, Chia, Misiewicz, Henry, & Swash, 1994), which is the base of PFMT. I.e. 
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by enhancing the inhibitory reflex of procontinence, it is possible to improve the voluntary 

control of micturation, and thus achieve an autonomic response (McClurg, Lowe-Strong, & 

Ashe, 2008). Through this mechanism, control symptoms of bladder, bowel and sexual 

dysfunctions. These symptoms greatly affect the patient's choice of socialisation, and so their 

management is curtail for QoL outcomes.   

      Similarly, the use of VR and robotics in MS is being introduced further into neuro-

rehabilitation. Virtual reality promotes long-term motor skill learning and functional cerebral 

re-organisation and adaptive plasticity. These in terms assist patients with fatigue, depression, 

cognitive dysfunction, tremor and ataxia and muscle weakness, which in turn affect mobility 

and gait. The greatest advantage while training with VR is the immediate visual feedback that 

it provides both to the patient and to the therapist (Baram & Miller, 2006).  

      As for robotics, it could be used for both upper and lower extremity rehabilitation. For the 

lower, the locomat used in body weight supported treadmill training results in great potential 

to decrease gait impairments in MS patients (Lo & Triche, 2008). Yet it is advisable to assess 

and anticipate the effect of using a locomat on the individual patient depending on their level 

of disability in regards to any psychological stress or discomfort that it may cause.  

      For upper extremities, the use of devices such as the Armeo Spring is a great method; its 

advantage is that it could be used by more disabled MS patients, and those who do not fit the 

criteria for using other techniques due to safety issues (Gijbels, Lamers, Kerkhofs, Alders, 

Knippenberg, & Feys, 2011). It provides an improvement of functional motor skills that is 

greatly needed for self-independence, targeting the upper extremity, while using a pre-

programmed pattern of movement (Patton & Mussa-Ivaldi, 2004). Since upper extremity 

function is greatly needed in normal ADL and its rehabilitation is neglected in MS (due to 

time constraints in rehabilitative settings), the use of robotics is an excellent complementary 

therapy for further promoting self-independence, and thus patient QoL. 

      Otherwise orthotics and splints are great methods to manage pain, spasticity, contractures, 

tremor and compensate for muscle weakness and/or paralysis for both upper and lower 

extremities in MS (Stokes & Stack, 2011). Yet the therapist should weigh the advantages and 

disadvantages of what they are prescribing, and make sure that these do not cause increase in 

other symptoms. For example in cases of tight fitted orthotics, it might produce an increase in 

nociceptive input which may further trigger spasticity and pain. It's advised to set up control 

sessions to listen to feedback of patients and adjust accordingly.  

      Likewise, with the introduction of technology, dynamic orthotic's such as FES has the 

advantage of providing active assistance along with being a passive support. In MS, this type 

of dynamic orthosis is used in cases of drop foot (Truman & Racette, 2013). 

 

      Moreover, therapy with splinting has given rise to strategies based on CIMT, which uses 

the idea of constraining the least affected upper extremity (affected in terms of spasticity, pain 

or tremor) with padded mitts/splints to discourage the learnt non-use of the most effected 

extremity (Huang, Chen, Chien, Kashima, & Lin, 2011). This functional retraining procedure 

is promoted by compensation learning through behavioural and psychosocial factors 

(Sunderland & Tuke, 2005). This approach is within the context of task-oriented approaches, 

based on systems of motor control and compensatory motor learning through skill based 

learning. Research for these approaches are great for post-stroke hemiperatic patients (Bravi 
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& Stoykov, 2007), yet it should not be discouraged to be used for MS patients within safety 

restraints, if the clinician believes that it could bring about positive results, especially in 

managing or increasing the level of self-independence in ADL.   

      Additionally, the use of aids for MS patients should not be discouraged if the resultant 

will bring about a higher QoL in a way of promoting more mobility and self-independence, 

while managing fatigue, ataxia and tremor and muscle weakness. The issue of the use of aids 

in the MS population is abandonment (Verza, Carvalho, Battaglia, & Uccelli, 2006). For this 

reason, the use of aids within the context of the difficulties that the patient faces should be 

thoroughly discussed, and the patient should themselves be convinced that its use is practical, 

and does in fact contribute to a higher QoL. 

 

      As for neurophysiological methods that encompass many techniques, it is advised to use 

them with respect to the patient's individuality and current level of disability. These 

facilitative methods for MS patients have in fact shown to have immune-regulatory and anti-

inflammatory effects in MS (Rasova, et al., 2012), improve muscle strength, mobility and 

cerebellar function, especially when combined with treadmill training (Laufens, Poltz, 

Reimann, Schmiegelt, & Prinz, 2004), spasticity and pain (Doring, Pfueller, Friedemann, & 

Dorr, 2012), along with depression, pulmonary parameters, general disability and overall QoL 

(Rasova, Havrdova, Brandejsky, Zalisova, Foubikova, & Martinkova, 2006). 

      Similarly other strategies such as cooling could be used in MS, but the clinician should be 

aware of contraindications in clinical practice due to cold allergies, urticaria and Raynaud's 

phenomenon (Nadler, Weingand, & Kruse, 2004). It's used to decrease spasticity (Stokes & 

Stack, 2011) by inhibiting the excessive stretch reflex response, and reduce intentional tremor 

by decreasing nerve conduction velocity and thus muscle spindle activity, since the rate of 

discharge from spindles is temperature dependant (Feys, Helsen, Liu, Albrecht, Nuttin, & 

Ketelaer, 2005). The reduction of tremor in the upper extremities causes an increase in 

functional motor ability, and thus promoting self-independence in ADL. 

  

      Functional abilities can further be increased if symptoms of MS related ataxia are well 

maintained, so that the patient does not complain of balance issues and does not demonstrate 

issues on risk of falling. For example, the use of Frenkel's exercise can be used to manage 

balance (O'Suillivan & Schmitz, 2006) and the use weighting (with strapped weights or even 

with using weighed utensils or apparatus) could control tremor and ataxia (Mills R. , 2009), 

and allow for increase of self-efficacy.  

      Likewise, balance and mobility issues may be caused by visual defects as fear or 

uncertainty. In MS visual deficits vary greatly, and the first line of management is through an 

ophthalmologist. Rehabilitative management is also useful and effective, and is based on 

working with inattention, spatial orientation, depth perception, developmental consideration, 

visualisation, verbalisation and saturational cuing. Other practical methods are use of different 

colours, light and dark contrasts and the use of visual aids that are in fact abundant in the 

health marketing sector (Chaikin, 2013).    

  

      Furthermore, techniques such as humor, body scanning (Burke-Doe, 2013), hypnosis and 

relaxation techniques have been shown to have great effects on MS related pain (Ehde & 
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Stoelb, 2007). These could be incorporated with the use of the Alexander technique which 

promotes self-advocacy and feeling of maintaining control over one's body (Vineyard, 2007). 

Clinicians using these techniques should be experienced, and safety of the patients should 

always be respected.  

      Moreover, behavioural therapy in MS has been widely used to manage bladder and bowel 

dysfunctions (Kesselring & Beer, 2005), along with pain (Ehde & Stoelb, 2007). Cognitive 

behavioural therapy and other psychological interventions have in fact shown to promote 

cortical re-organisation and neuro-plasticity (Pellettier, Audoin, Reuter, & Ranjeva, 2009). 

These are used in management of MS related fatigue (van Kessel, Moss-Morris, Willoughby, 

Chalder, Johnson, & Robinson, 2008), depression, stress, anxiety and cognitive deficits (Jose 

Sa, 2008). It is also used to manage both secondary and tertiary sexual dysfunction, since the 

former is the resultant of the symptoms that arise with MS (Cassidy, 2005), and the latter 

being the resultant of psychosocial pressures and norms (McDonald, 2005).  

 

      Needless to say, intervention by nurses is crucial in MS, specifically to detect any 

infections, managing pressure ulcers or other nociceptive stimuli that may be the cause of 

increasing spasticity and pain (Noseworthy, Miller, & Compston, 2005). The nurse may in 

fact be the patient's first contact to the health care team, and thus the importance of the 

intervention. Encouraging the patient to keep a daily diary to document all the symptoms; at 

times of their peak and rest, and the activities that they are doing while obtaining these results 

will help greatly with creating energy conservative techniques that are tailored to that 

individual (Mathiowetz & Mathiowetz, 2003). The nurse can also promote the introduction of 

behavioural techniques, and introduce the patient to other members of the inter-disciplinary 

team.  

 

      Speech and language therapists are at most important, yet they are neglected in the 

management of MS patients for the symptoms of dysarthria and dysphagia (EMSP, 2004). It 

is very common that these therapists work with dieticians and nutritionists. Nutritional 

intervention has become frequent in clinical practice for MS patients due to ongoing research 

in molecular basis of food having immune-modifying properties (Riccio, 2011). Up to date 

the Swank diet is advised specific to MS patients (Swank & Goodwin, 2003). Yet moderate 

intake of food with anti-oxidant and anti-inflammatory properties along with magnesium and 

vitamins should be encouraged. Similarly, caloric restrictions with exercise in fact is also 

beneficial since it promotes the induction of ATP forming catabolic pathways as fatty acid 

oxidation, and this further promotes an anti-inflammatory response which is preferred in MS 

(Riccio, 2011).  

 

      Lastly, the remaining areas that effect the patient's QoL is pregnancy and work. Firstly, 

information should be disclosed in regards to genetics (that the rate of passing MS to an off 

spring is 1-4%). Secondly, proper planning and support is the ideal strategy when planning for 

a pregnancy. It is important to discuss medications with the physician and to discontinue 

disease-modifying drugs about 3 months before stopping contraception (Ward, 2004).  
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      Furthermore, the rate of relapse of woman who breast-feed is lower compared to those 

who don’t breast-feed, therefore breast-feeding for MS patients is encouraged after delivery, 

before resuming intake of medications (Valeo, 2009).   

      As for work, it is advised for the patient to know about the laws of employment within 

their country in regards to disability once diagnosed; local MS societies may help with these 

issues. Other considerations should be made to manage symptoms of MS, particularly fatigue. 

The patient can use energy conservative strategies; manage their transport to and from work, 

altering the temperature within the office and manage activities within the workforce with the 

use of aids. It is advised to openly conversate with the employer about changes that could be 

made that will allow for the patient to be more efficient (Westlake, multiple sclerosis and 

barriers to keeping a job, 2012).   

 

      The above information in combination does suggest a change within the management of 

MS. Although numerous studies have been conducted, more randomised trails are still needed 

in areas of alternative therapies, and in therapies such a robotics, VR, CIMT, WBV specific to 

MS, especially targeting those who are more disabled. It would be a success if integration and 

acceptance of the interdisciplinary team becomes a key component in the management of MS 

with the emphasis on improvement of patient QoL.    



126 
 

9 Conclusion  

      Variety of technique can be used for individualised management of MS symptoms which 

include fatigue, bladder-, bowel- and sexual dysfunctions, ataxia and tremor, spasticity, 

weakness, psychological/psychiatric disorders, visual defects, pain, dysarthria and dysphagia. 

MS is also a progressive and unpredictable disease with the treatment being effective yet not 

sufficient enough to decrease the progressivity of the disease, nor the resultant neurological 

disability. Thus comprehensive rehabilitation is still required for both acute relapses and 

chronic management of the remissions.  

      Furthermore, it is important to state that research with the use of stem cells (specifically 

with MSC and HSC) is promising yet not completely validated. This does not mean that 

rehabilitation should be carried out independently to this factor, but both aspects should 

complement each other.   

      For these reasons, goal oriented inter-disciplinary team with a patient centered approach in 

the form of neurologists, cardiologists, pulmonologists, ophthalmologists, physiotherapists, 

occupational therapists, nurses, psychotherapists and psychiatrist, speech and language 

pathologists, nutritionists, social workers, counselors, CAM practitioners such as 

acupuncturists and certified Qigong instructors along with the patient and their families are 

essential. If this is put into practice, symptoms are managed and issues are addressed then the 

QoL of the patient with MS is greatly improved. 
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Appendix I- Brief ICF Core set for MS (Coenen, et al., 2011) 
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Appendix II- Comprehensive ICF Core Set for MS (Coenen, et al., 2011) 
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Appendix III- Neuropathic pain scale (Benzon, 2005) 
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Appendix IV- Pharmacological management of MS symptoms (Noseworthy, Miller, & 

Compston, 2005) 
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Appendix V- Randomised controlled trails in MS post 2003 (Rog, 2010) 
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Key for appendix V 

CBD- cannabidiol, DBPC- double blind placebo controlled trail, ITT- intention to treat, THC- 

tetrahydrocanninol, VAS- visual analogue scale  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


