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ABSTRACT 
 

Motor Neuron Disease (MND) is the most common chronic neurodegenerative 

disorder of the motor system in adults. It is a relatively rare disease with a reported 

population incidence of between 1.5 and 2.5 per 100,000 per year worldwide. The only 

established risk factors are age and family history, with age being the most important 

factor. The disease occurs throughout adult life, with the peak incidence between 50 to 75 

years of age. MND occurs more commonly in men than in women in a ratio of 3:2. MND 

is characterized by the loss of motor neurons in the cortex, brain stem, and spinal cord, 

manifested by upper and lower motor neuron signs and symptoms affecting bulbar, limb, 

and respiratory muscles. Death usually results from respiratory failure and follows on 

average two to four years after onset, but some may survive for a decade or more. 

Whilst the aetiology of MND is unknown, current evidence suggests that multiple 

interacting factors contribute to motor neuron injury in MND. The working hypothesis is 

that MND, like many other chronic diseases, is a complex genetic condition and the 

relative contribution of individual environmental and genetic factors is likely to be small. 

The three key pathogenetic hypotheses are genetic factors, oxidative stress and 

glutamatergic toxicity, which result in damage to critical target proteins such as 

neurofilaments and organelles such as mitochondria.  

The symptoms in MND are diverse and challenging and include weakness, 

spasticity, limitations in mobility and activities of daily living, communication deficits 

and dysphagia, and in those with bulbar involvement, respiratory compromise, fatigue 

and sleep disorders, pain and psychosocial distress. Hence, the burden of disease and 
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economic impact of MND upon patients, their caregivers (often family members) and on 

society is substantial, often beginning long before the actual diagnosis is made, and 

increasing with increasing disability and the need for medical equipment and assisted 

care. 

At present, the only approved drug treatment for MND in the USA, Australia and in 

many European countries is riluzole, which is thought to prolong median survival by 

about two to three months. In the absence of a cure or indeed any medical intervention, 

which might stop the progression of MND, the management relies mostly on 

symptomatic, rehabilitative and palliative therapy, which is the focus of this chapter. An 

update in the symptomatic and disability management of MND is provided, covering the 

interface between neurology, rehabilitation and palliative care and incorporates issues 

encountered over the spectrum of disease, including activity and pain related issues, 

respiratory and dysphagia issues and psychosocial changes. Recent trends, developments 

and future research in rehabilitation approaches that maintain and restore functional 

independence and quality of life will be presented. 

 

 

1.1. INTRODUCTION 
 

Motor neuron disease (MND), also commonly known as amyotrophic lateral sclerosis 

(ALS), is a chronic neurodegenerative disorder of the motor system in adults, characterized 

by the loss of motor neurons in the cortex, brain stem, and spinal cord, manifested by 

progressive upper and lower motor neuron signs and symptoms affecting bulbar, limb, and 

respiratory muscles [1]. It was first described by Charcot in the nineteenth century [2] and is 

also known by the eponym “Lou Gehrig’s Disease”, after the famous baseball player who was 

affected with the disease. Death usually results from respiratory failure and follows on 

average two to four years after onset, but some may survive for a decade or more [3]. 

MND is a relatively rare disease with a reported population incidence of between 1.5 and 

2.5 per 100,000 per year [4] and a prevalence of 2.7-7.4 per 100,000 population [5]. Age is 

the most important risk factor and the disease occurs throughout adult life, with the peak 

incidence between 50 to 75 years of age [6]. MND occurs more commonly in men than in 

women in a ratio of 3:2 [7].  

MND is lifelong and persons with MND (pwMND) live with a range of problems that 

affect every day functional activities. The International Classification of Functioning, Health 

and Disability (ICF) [8], defines a common language for describing the impact of disease at 

different levels: impairment (body structure and function), limitation in activity and 

participation.  

Within this framework MND related impairments (weakness, spasticity), can limit 

‘activity’ or function (decreased mobility, self-care, pain) and ‘participation’ (driving, 

employment, family, social reintegration). ‘Contextual factors’, such as environmental 

(extrinsic) and personal factors (intrinsic) have an impact on the pwMND, their families and 

the society. MND therefore has personal costs such as reduced quality of life (QoL) and also 

significant economic costs which may result from increased demand for health care, social 

services, and caregiver burden. 
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1.2. IMPACT OF MND 
 

The burden of disease and economic impact of MND upon patients, their caregivers 

(often family members) and on society is substantial, often beginning long before the actual 

diagnosis is made, and increasing with increasing disability and the need for medical 

equipment and assisted care [9]. It has been estimated that basic patient equipment costs 

(including hospital bed, electric wheelchair, augmentative communication equipment) can 

cost over USD$40,000 whilst mechanical ventilation costs roughly USD$200,000 a year [9]. 

These costs do not include earnings loss, therapy costs, and formal and informal care, which 

often make up the bulk of costs but are often not calculated. Within the Australian healthcare 

system, provision of care in people with terminal illness largely falls onto informal, unpaid 

caregivers, usually family and/or friends [10]. In a recent study of Australian pwMND in the 

community (n=44) [11], 1/3 required help 2-3 times a day for personal care whilst 1/3 

required the presence of someone most of the time. A quarter of these 44 pwMND received 

assistance solely from family. It is therefore not surprising that primary caregivers have been 

estimated to spend a mean of 9.5 hours a day caring for patients even where there is paid 

assistance [12]. Whilst the informal care costs for pwMND in the community (by families and 

others) is not known, these costs account for 43% of total costs in other neurodegenerative 

conditions [13] (where disability is less marked, such as in multiple sclerosis) and is likely to 

be as substantial if not more, in MND. Finally, it is well documented that a huge proportion 

of health care dollars are spent in the last 30 days of a person’s life [14]. This is particularly 

pertinent in a rapidly fatal condition such as MND. 

 

 

1.3. EPIDEMIOLOGY AND RISK FACTORS 
 

The collection of epidemiological data is challenging due to the low incidence rates of 

MND. However, the establishment of a number of population-based registers worldwide 

(mainly in Europe and Australia), has enabled a clearer understanding of MND epidemiology. 

The incidence and mortality rates of MND have slowly increased over decades [15,16], likely 

at least partly due to longer life expectancy [17] with improved medical management and 

supportive care. Incidence rates range between 1.5 and 2.5 per 100,000 per year [4]; whilst 

prevalence rates range between 2.7-7.4 per 100,000 population [5] which equates to roughly 

25,000 in North America [18], 5000 in the UK [19] and 1200 in Australia [20]. The incidence 

may be higher in Caucasians than in other ethnic groups (African, Asian, Hispanic) but this 

has been difficult to determine due to methodology variations in studies of non-Caucasian 

populations [21]. 

Age and family history are the only well-established risk factors for MND. There is class 

II evidence that smoking is also a risk factor [22]. Evidence for other risk factors such as 

physical activity and exposure to heavy metals is conflicting [23-25]. 

Geographically, the cluster of “Western Pacific ALS” during the 20
th

 century in Guam, 

the Kii peninsula of Japan and Papua New Guinea has suggested an environmental 

contribution to MND pathogenesis. However, whilst a number of hypotheses have been 

proposed, including the dietary consumption of cycad (Cycas circinalis) [26], no definitive 

cause has been found [27]. 
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The role of genetics is important in MND. Familial MND, more commonly referred to as 

familial ALS (FALS), accounts for 10% of MND whilst a number of genetic loci have been 

found to be associated with idiopathic MND (remaining 90%) suggesting genetic 

susceptibility in pathogenesis [28-30]. At least fifteen chromosomal loci have been linked 

with familial MND. Familial MND is phenotypically and genetically heterogenous. Majority 

of familial MND are autosomal dominant in nature and 20% are linked to FALS type 1 or the 

superoxide dismutase (SOD1) gene [31]. Other autosomal dominant familial MND include 

FALS types 3 [32], 5 [33], 6 (FUS gene) [34,35], 7 [36], 8 [37], 9 (ANG gene) [38], 10 

(TARDBP gene) [39], 11 (FIG4 gene) [40], NF-H gene [41], DAO gene [42], X-linked [43] 

and MND with FTD [44]. Autosomal recessive familial MND includes FALS 2 [45] and 5 

[46]. 

 

 

1.4. AETIOLOGY AND PATHOGENESIS 
 

Although the aetiology of MND remains unknown, current evidence suggests that 

multiple interacting factors contribute to motor neuron injury in MND. The working 

hypothesis is that MND, like many other chronic diseases, is a complex genetic condition, 

and the relative contribution of individual environmental and genetic factors are likely to be 

relatively small [4]. The three key pathogenetic hypotheses are genetic factors, oxidative 

stress, and glutamatergic toxicity, which result in damage to critical target proteins such as 

neurofilaments and organelles such as mitochondria [47-49]. 

Pathological findings in MND vary depending on the clinical variant. Most patients have 

the ALS variant where large α-motor neurons in the brainstem and spinal cord degenerate 

leading to progressive weakness and muscle atrophy whilst loss of upper motor neurones 

result in spasticity and hyper-reflexia [50]. MND is generally regarded as a multisystem 

disease -- motor neurons are the earliest and most prominently affected groups of cells but 

small interneurons in the spinal cord and motor cortex [51], and cortical motor cells are also 

lost. As a result, retrograde axonal loss and gliosis in the corticospinal tracts occurs, 

accompanied by involvement of sensory, spinocerebellar pathways and neuropsychological 

changes [52,53]. 

Mechanisms of selective motor neuron death are unclear and most current hypotheses are 

based on animal models [53]. These include: SOD1-mediated toxicity, excitotoxicity, 

cytoskeletal derangements, mitochondrial dysfunction, apoptosis and others. SOD1 converts 

superoxide, a toxic by-product of mitochondrial oxidative phosphorylation, to water or 

hydrogen peroxide. More than 100 mutations are known [31,54,55] and all but one mutation 

cause dominantly inherited disease. However, how mutant SOD1 leads to motor neuron 

degeneration is unclear. It is well established though that SOD1-mediated toxicity in MND is 

not due to loss of function but instead to a gain of toxic properties [56,57] as SOD1 null mice 

do not develop MND [58]. The role of excitotoxicity in MND is also unclear. The hypothesis 

is that excessive levels of excitatory neurotransmitter glutamate may initiate a cascade that 

results in motor neuron death. Lending support to this is the finding that glutamate levels are 

elevated in a subset of MND patients [59] and that riluzole, an antiglutaminergic drug 

improves survival in pwMND [60]. Another hypothesis is that SOD1 may induce protein 

aggregates that are toxic to motor neurons [61]. However, a recent study suggested that 
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accumulation of aggregates were more likely a result of end-stage disease rather than a 

contributor to MND pathogenesis [62]. Leading on from the abnormal protein aggregation 

hypothesis however is the cytoskeletal derangement hypothesis. Neurofilament proteins 

(neuron-specific intermediate filaments) are the most abundant structural protein in mature 

motor neurons and aggregates of neurofilament proteins are commonly seen in MND. 

Mitochondrial dysfunction is postulated as another mechanism as mitochrondria in MND 

patients show abnormal morphology and biochemistry [63]. 

 

 

1.5. CLASSIFICATION 
 

The spectrum of MND can be classified into the following clinical phenotypes:  

ALS is the most common form (85%) and includes upper motor neuron (UMN) and 

lower motor neuron (LMN) pathology. 

Progressive muscular atrophy is a progressive LMN disorder and if remains confined to 

LMN involvement, is consistent with prolonged survival compared with ALS. In the largest 

study to date (n=962) [64], 91 patients initially diagnosed with progressive muscular atrophy 

had a longer median survival than 871 patients with ALS (48 versus 36 months). After 

approximately 80 months, however, the estimated survival in progressive muscular atrophy 

was about the same as that of ALS. Some individuals with progressive muscular atrophy 

never develop UMN signs clinically. However, despite the lack of signs, these patients 

frequently have UMN pathology [65]. In the above study, UMN signs developed in 20 of the 

91 patients (22%) initially diagnosed with progressive muscular atrophy [64]. This generally 

occurs within two years of symptom onset.  

Primary lateral sclerosis is a progressive UMN disorder. It progresses the slowest and has 

the longest survival compared to the other phenotypes [66]. It is also characterized by lack of 

weight loss, and absence of LMN findings on examination or electromyography in the first 

four years after symptom onset [67]. Although some individuals never develop clinical LMN 

signs, most do later in their clinical course [68]. There have been case reports however, of 

pathological findings of isolated UMN involvement [69]. 

Progressive bulbar palsy is a progressive UMN and LMN disorder affecting the cranial 

muscles. Occasionally, only bulbar involvement is seen but more commonly, UMN and LMN 

signs and symptoms spread to involve other areas (bulbar-onset MND). 

The flail arm syndrome is characterized by progressive severe LMN weakness and 

wasting mainly affecting the arms (particularly proximally). There is a 9:1 male 

predominance [7] and these patients have a slower rate of progression both to the spread of 

signs and symptoms in other body segments and to development of respiratory muscle 

weakness [70]. 

The flail leg syndrome is characterized by progressive LMN weakness and wasting in the 

distal leg. These patients also have a slower rate of progression to involvement of other body 

segments and to the development of respiratory muscle weakness [70]. 

It is now clear that a proportion of MND patients have additional features such as 

frontotemporal dementia, autonomic insufficiency, parkinsonism, supranuclear gaze paresis, 

and/or sensory loss. These patients may be considered to have “ALS plus syndrome” [7]. 
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1.6. DIAGNOSIS 
 

The diagnosis of MND is clinical and includes the presence of UMN and LMN signs, 

progression of disease and the absence of an alternative explanation. There is no single 

diagnostic test at present that can confirm or entirely exclude the diagnosis of MND. 

Clinicians rely mainly on clinical history and examination, supported by electrodiagnostic 

studies and negative findings in neuroimaging and laboratory studies. Clinically, asymmetric 

limb weakness is the most common presentation (80%). In upper limb onset, patients may 

report difficulty with fine-motor tasks such as buttoning or writing. In lower limb onset, 

patients may report issues resulting from foot drop, such as tripping whilst walking or 

running. Bulbar onset is next most common (25%) with reports of slurred speech or 

swallowing difficulties. Occasionally, pain and muscle cramping, fatigue, weight loss, 

dyspnoea or other respiratory symptoms may be the initial symptoms [71]. Physical findings 

may confirm UMN involvement (weakness, spasticity, hyperreflexia, slowness of movement, 

extensor plantar responses) and LMN involvement (fasciculations, muscle wasting, 

weakness). Electrodiagnostic studies involve electromyography (EMG) and nerve conduction 

studies. EMG aids identification of LMN loss – the most frequently recognised abnormalities 

on EMG are fasciculation and spontaneous “denervation” discharges (fibrillation potentials 

and positive sharp waves) [72]. Nerve conduction studies are important to exclude differential 

diagnoses. Motor conduction block should be absent in MND and motor and sensory 

conduction velocity and compound motor action potentials should be (almost) normal in both 

arm and leg [73]. Differential diagnoses are shown in Box 1.1. 

 

Box 1.1. Differential diagnoses of MND [71] 

 

Disorders that focally involve the spinal cord  

 cervical and lumbar spondylosis  

 multiple sclerosis, syringomyelia  

 tumours  

 aterio-venous malformations  

 infarction 

 congenital dysplasias of the brainstem of spinal cord 

Neurogenic and myogenic diseases with LMN symptoms similar to MND  

 multifocal motor neuropathy with conduction block  

 postpoliomyelities 

 muscular atrophy 

 Kennedy’s disease 

 paraneoplastic neuropathy 

 inclusion body myositis 

Others 

 myasthenia gravis  

 heavy metal intoxication 

 hyperthyroidism 

 hyperparathyroidism  

 Joseph disease  

 hexosaminidase A deficiency 
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The list of differential diagnoses is rather extensive, yet most other diagnoses can be 

ruled out through careful history, physical examination, and selective diagnostic testing, 

which may include MRI of the brain and spine, electrodiagnostic studies, complete blood 

count, serum chemistries, and thyroid function tests. Heavy metal screen is indicated only if 

there has been exposure. Antiganglioside antibodies (GM1 antibodies) may be helpful in the 

setting of multifocal conduction block [71]. The (Revised) El Escorial World Federation of 

Neurology criteria [74,75] were designed for research purposes but allow an assignment of 

diagnostic certainty (see box 1.2 and 1.3). 

 

Box 1.2. El Escorial criteria for the diagnosis of MND/ALS [74] 

 

The diagnosis of MND/ALS requires:  

A. the presence of: 

(A:1) evidence of LMN degeneration by clinical, electrophysiological or 

neuropathologic examination, 

(A:2) evidence of UMN degeneration by clinical examination, and 

(A:3) progressive spread of symptoms or signs within a region or to other regions, as 

determined by history or examination, together with 

B. the absence of: 

(B:1) electrophysiological and pathological evidence of other disease processes that 

might explain the signs of LMN and/or UMN degeneration, and 

(B:2) neuroimaging evidence of other disease processes that might explain the observed 

clinical and electrophysiological signs. 

 

Box 1.3. Diagnostic categories based on El Escorial criteria for the diagnosis of 

MND/ALS [74,75] 

 

Clinically Definite ALS: is defined on clinical evidence alone by the presence of UMN, 

as well as LMN signs, in three regions. 

Clinically Probable ALS: is defined on clinical evidence alone by UMN and LMN signs 

in at least two regions with some UMN signs necessarily rostral to (above) the LMN signs. 

The terms Clinically Probable ALS - Laboratory-supported and Clinically Possible ALS 

are used to describe these categories of clinical certainty on clinical and laboratory criteria 

or only clinical criteria: 

Clinically Probable - Laboratory-supported ALS: is defined when clinical signs of 

UMN and LMN dysfunction are in only one region, or when UMN signs alone are present in 

one region, and LMN signs defined by EMG criteria are present in at least two limbs, with 

proper application of neuroimaging and clinical laboratory protocols to exclude other 

causes. 

Clinically Possible ALS: is defined when clinical signs of UMN and LMN dysfunction 

are found together in only one region or UMN signs are found alone in two or more regions; 

or LMN signs are found rostral to UMN signs and the diagnosis of Clinically Probable - 

Laboratory-supported ALS cannot be proven by evidence on clinical grounds in conjunction 

with electrodiagnostic, neurophysiologic, neuroimaging or clinical laboratory studies. Other 

diagnoses must have been excluded to accept a diagnosis of Clinically possible ALS. 

Clinically Suspected ALS: it is a pure LMN syndrome, wherein the diagnosis of ALS 

could not be regarded as sufficiently certain to include the patient in a research study. 

Hence, this category is deleted from the revised El Escorial Criteria for the Diagnosis of 

ALS. 



Louisa Ng and Fary Khan 20 

In clinical practice however, the El Escorial criteria are too stringent; as a result early 

MND is missed and 25% of patients may die from MND without ever meeting the criteria 

[76,77]. In 2006, a consensus meeting held at Awaji-shima aimed to resolve these issues by 

recognising the equivalence of clinical and EMG data in detecting chronic neurological 

change, thus integrating EMG and clinical neurophysiological data into an algorithm [78]. 

The application of the 'Awaji algorithm' to the revised El Escorial diagnostic criteria for 

diagnosis of MND appears to increase the sensitivity of the El Escorial criteria for MND 

diagnosis (95% sensitivity vs 18% using clinical El Escorial criteria and 53% combining 

clinical and EMG El Escorial criteria)[79] without losing specificity [80]. This increased 

sensitivity applies in particular to bulbar onset patients (sensitivity improved from 38% to 

87%) and for patients with El Escorial “clinically possible ALS” (from 50% to 86%) [78]. 

 

 

1.7. MEASUREMENT TOOLS 
 

There are a number of outcome measurement tools used in MND. They can be broadly 

divided using the ICF framework [8] into those that measure impairment and activity 

limitation (“disability”) and those that measure participation limitation (“handicap”) and 

quality of life. There is often overlap, however, in the domains as most outcome measures 

precede the introduction of the ICF framework. Some measures are MND-specific whilst 

others are generic.  

A range of impairment and activity limitation measurement tools are listed in box 1.4. 

The Amyotrophic Lateral Sclerosis Functional Rating Scale (ALSFRS) is currently the most 

commonly used. It was developed to enable measurement of a broader range of “disabilities” 

and minimise inclusion of impairment measurements to allow analysis of disability 

components [81], and was revised in 1999 to incorporate assessments of respiratory function 

[82]. The revised version is a 48-point measure with excellent validity and reliability, and can 

be administered over the phone [83]. It is determined by scoring 0-4 for each of the twelve 

domains (speech, salivation, swallowing, handwriting, cutting food and handling utensils, 

dressing and hygiene, turning in bed and adjusting bed clothes, walking, climbing stairs, 

dyspnoea, orthopnea and respiratory insufficiency). A lower score indicates more disability. 

 

Box 1.4. Impairment and activity limitation measurement tools used in MND 

 

Generic measures [84] 

Functional Independence Measure [85] 

Barthel Index [86] 

Rehabilitation Activities Profile [87] 

Frenchay Activities Index [88] 

MND-specific measures 

Norris Amyotrophic Lateral Sclerosis Scale [89] 

Appel Amyotrophic Lateral Sclerosis Scale [90] 

ALS Severity Scale [91] 

Amyotrophic Lateral Sclerosis Functional Rating Scale [92] 
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Participation limitation is a significant issue from the perspective of pwMND and their 

caregivers [11], yet it is poorly covered by existing outcome measurement tools. Given the 

relentlessly progressive and fatal nature of MND, quality of life is one of the most important 

areas to address in MND. However, quality of life is a broad concept, and not easily 

incorporated in a single outcome measurement. Most outcome measures are generic and may 

not be sensitive to changes specific to a rapidly progressive condition such as MND. Within 

the generic measurement tools, some measure health-related status (for example, SF-36 or 

Sickness Impact Profile) whilst others are more specific for measurement of quality of life 

[eg. McGill Quality of Life Questionnaire, direct-weight version of the Schedule of the 

Evaluation of Individual Quality of Life (SEIQoLDW)] [93]. The SEIQoLDW [94] is useful 

as it can be used for both patients and their caregivers. However, this scale is time intensive 

[95] and whilst it may be of great value in identifying those factors which contribute to the 

psychosocial well-being of an individual with MND, it does not necessarily reflect aggregate 

quality of life in pwMND [96]. Although measures specific for MND, such as the ALSAQ-40 

[97] have been developed for use, they have yet to be widely taken up. Some are heavily 

weighted towards physical function (e.g. ALSAQ-40) and do not include an existential 

element (perception of purpose, meaning of life, capacity for personal growth) relevant for 

pwMND [93]. Recently, a modified version of the McGill questionnaire was validated as an 

MND-specific quality of life questionnaire (the ALSSQOL) [98], and a shortened version is 

currently undergoing validation in a multi-centre study. 

Choice of outcome measures is a significant issue in MND clinical trials. The outcome 

measures used may not capture the entire spectrum of issues in MND, nor reflect change 

adequately. Whilst survival is clinically important and easy to measure, there are several 

reasons to consider use of other outcomes [99]. Survival can be influenced by many 

interventions that do not clearly alter disease progression, such as enteral feeding [100]. The 

use of survival as an endpoint also mandates large trials that treat patients for long periods of 

time, thus very few patients will experience the event being measured [99]. Most importantly, 

the objective of many trials is not to alter the underlying pathology of disease but to reduce 

symptoms and limitations at the level of activity and participation, and to improve quality of 

life, hence outcome measures should address these domains. 

 

 

1.8. PHARMACOLOGICAL MANAGEMENT 
 

Riluzole is the only drug that has been shown to prolong survival (by about two to three 

months) [60]. Although the precise mechanism of action in MND is unclear [101], riluzole is 

thought to reduce glutamate-induced excitotoxicity by inhibiting glutamic acid release, 

blocking NMDA-receptor mediated responses and by direct action on the voltage-dependent 

sodium channel [102]. 

A dose of 100mg daily is reasonably safe. The elimination half-life is 12 hours and the 

recommended dosing is 50mg twice daily. Riluzole is generally well tolerated and the most 

significant adverse effects are gastrointestinal and hepatic. These are mostly reversible after 

stopping the drug. 

Costs of riluzole are relatively high (approximately $10,000/year in the US)[60] and it is 

approved only in select countries (eg. USA, Australia, Canada and many European countries). 
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Current guidelines [103,104] recommend treatment as soon as possible after diagnosis with 

the following criteria predicting those most likely to benefit: “definite or probable ALS” by El 

Escorial criteria, symptoms present for less than five years, vital capacity of greater than 60% 

of predicted and no tracheostomy. 

Unproven treatments are an area of increasing interest to physicians and patients alike. It 

has been estimated that almost 80% of patients take high-dose vitamins, minerals, or other 

nutriceuticals despite no proof of benefits for any of these in MND (only creatine and vitamin 

E have been examined for efficacy) [105]. Whilst many drugs have shown promise in 

preclinical trials, to date none have proven to be of benefit in MND (apart from riluzole) in 

human clinical trials (see Table 1.1) [106]. A frequently updated list can be found on the ALS 

Association website (www.alsa.org). 

 

Table 1.1. Drug treatments with unproven outcomes in MND (adapted from [104]) 

 

No benefit observed: 

 N-Acetylcysteine 

 Ciliary neurotrophic factor (CNTF) 

 Verapamil 

 Gabapentin 

 Topiramate 

 Lamotrigine 

 Celecoxib 

 Minocycline [107] 

 Coenzyme Q10 [108] 

 Insulin-like growth factor (IGF-1) 

 Selegiline 

 Vitamin E 

 Creatine monohydrate 

In trial phase: 

 Arimoclomol 

 Ceftriaxone 

 Gene therapy 

 Lithium* 

 Pramipexole 

 Talampanel 

 Memantine 

*A recent double-blind randomized controlled trial in the United States and Canada was stopped early 

for futility and it is likely that lithium will not demonstrate therapeutic benefit [109]. 

 

Although some of these drugs are currently available for other indications, off-label use 

in MND is not recommended for a number of reasons [110] including: 

 

 Lack of intensive safety measures outside of a clinical trial. For example, information 

showing poor outcomes for treated patients in the minocycline and topiramate trials 

became apparent only after grouped data were studied.  
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 Using an off-label medication during the conduct of a clinical trial can impede or 

slow enrolment in a trial, which has the effect of increasing risk to subjects in the 

trial.  

 

There is also a range of treatments other than drugs with variable safety profiles from 

“benign” nutritional supplements to potentially dangerous therapies such as chelation, dental 

amalgam removal, or administration of unknown substances said to be stem cells [110]. 

MND is a life-threatening disease, but clearly some treatments can reduce quality or 

length of life; hence it is critical for patients to be given the information they need to avoid 

these [110]. 

 

 

1.9. MULTIDISCIPLINARY CARE 
 

1.9.1. Definition of Multidisciplinary Care in MND 

 

With no cure currently available, the challenge in MND is to prolong independence, 

prevent complications and optimise quality of life. This is best met by a multidisciplinary 

team with a focus on symptomatic, rehabilitative and palliative care [103,104]. The 

multidisciplinary team (see figure 1.1) comprises of a group of clinical professionals with 

expertise in MND, directed by a physician, who work as an integrated unit to provide 

seamless care which is patient-centered, flexible and responsive to the evolving nature of the 

condition [111], and aims to maximise activity and participation. The literature presented in 

this review includes all levels of evidence for multidisciplinary care of MND (including 

randomised and clinical controlled trials, case studies and expert opinion). 

 

 

1.9.2. Evidence for Multidisciplinary Care in MND 

 

A recent Cochrane review [112] found that in the absence of randomised controlled trials, 

the ’best’ evidence to date (based on five observational studies) suggests some advantage for 

quality of life without increasing healthcare costs, reduced hospitalisation and improved 

disability. The evidence for survival is conflicting. However, the absence of proof that 

multidisciplinary care is effective must not be interpreted as proof that this approach is 

ineffective. There are multiple, well-defined interventions, such as nutritional support and 

respiratory support, and interventions by physical, occupational and speech therapists which 

have individually had significant impact on disease course. Hence, the gap in available trial 

data showing efficacy when offered simultaneously in a multidisciplinary setting should not 

at all implicate therapeutic nihilism in the treatment of MND. 

 

 

1.9.3. Applying the ICF Framework to Multidisciplinary Care in MND 

 

Rehabilitation is defined as ‘a problem solving educational process aimed at reducing 

disability and increasing participation experienced by someone as a result of disease or 
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injury’ [113]. Although it is sometimes effective in reducing impairment, its principal focus is 

to reduce symptoms and limitations at the level of activity and participation, through holistic 

interventions, which incorporate personal and environmental factors. The rehabilitation 

perspective is much broader than the ‘medical’ perspective, and emphasizes the 

understanding that a person’s health and functioning is associated with a condition or disease, 

and not merely a consequence of it. The rehabilitation model works well with the World 

Health Organization’s ICF framework [114], which is multifaceted. It includes the 

perspectives of the physicians with regards to the management of complex and interacting 

symptoms in MND, the therapists’ views in terms of managing change in functional status in 

activities of everyday living and importantly, also the perspective of the pwMND and their 

caregivers, which may differ from the others. 

 

 

Figure 1.1. The multidisciplinary team in MND (adapted from [111]). 

The aim of the ICF classification system is to provide a common language and 

framework for the description of health and health-related states. The domains in the ICF are 

divided into a) Body Functions and Structures; and b) Activities and Participation. These 

terms replace the previously used terms ‘impairments’ and ‘handicap’. The ICF domains for 

people with a health condition such as MND describe what a pwMND can do or does do. 

‘Functioning’ is an umbrella term encompassing all body functions, activities and 

participation; similarly ‘Disability’ includes impairments, activity limitations or restriction in 

participation. The ICF acknowledges that environmental factors (physical, social and 
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attitudinal environment in which people live and conduct their lives) and personal factors 

(intrinsic influences such as self-efficacy, positive adaptation) interact with all the other 

constructs within the ICF (see figure 1.2). 

A pwMND can therefore present to rehabilitation with various combinations of deficits, 

which can be classified according to the ICF: 

 

 “Impairments” are problems with body (anatomical) structures or (physiological) 

function (such as weakness, spasticity, dysphagia). 

 “Activity limitation” (disability) describes the difficulties that a person may have in 

executing everyday tasks (reduced mobility and self care, pain). 

 “Restriction in participation” relates to problems experienced by a person with 

involvement in societal participation and life situations (driving, work, family, 

 psychosocial activities). 

 “Contextual factors” include: 

o ‘environmental’ factors (such as access to medical care); and 

o ‘personal factors’ including gender, race, self-efficacy, coping style and social 

and educational background.  

 

All these constructs combine to affect the person’s experience of living with their 

condition. 

 

 

Figure 1.2. The interactions between the various components of the ICF (adapted from [114]). 

The ICF can be used to further facilitate and optimise clinical care through the 

development of “core sets”. These are ICF categories selected by experts (patients, 

caregivers, clinicians) that list issues in impairment, disability, participation environmental 

factors that need to be addressed in multidisciplinary care settings. This has been done in 

other neurological conditions such as stroke [115], multiple sclerosis [116] and Guillain-Barré 

syndrome [117]. A set of relevant ICF categories has not been identified in MND and would 
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be very useful in both clinical and research settings given the rare incidence of MND and 

diverse and challenging nature of the symptoms. It has also been highlighted that current 

outcome measures do not capture the entire spectrum of issues in MND (see section 1.7 

Measurement Tools); use of the ICF could contribute towards development of appropriate 

outcome measures for MND. 

 

 

1.9.4. Service Models and Standards: Interface between Neurology, 

Rehabilitation and Palliative Care 

 

MND is a ’progressive’ long-term neurological condition. The symptoms in MND are 

diverse and challenging and include: weakness, spasticity, imitations in mobility and 

activities of daily living, communication deficits and dysphagia, respiratory compromise, 

fatigue and sleep disorders, pain and psychosocial distress [1]. The National Service 

Framework [118] was developed by the department of Health in the UK to provide quality 

requirements for the inspection authorities (the Healthcare Commission and the Commission 

for Social Care Inspection) to use in measuring local progress for long-term neurological 

conditions. It advocates the need for integrated care and joined-in services in the delivery of 

multidisciplinary care. Included within its guidelines are 11 Quality Requirements, which 

make recommendations for specialist neurology, rehabilitation, and palliative care services to 

support pwMND to the end of their lives. The interface between neurology, rehabilitation and 

palliative care ensures co-ordinated care for pwMND rather than duplicating services. 

Current guidelines [103] state that specialized multidisciplinary clinical referral should be 

considered for pwMND to enable optimal health care delivery. However, even within 

multidisciplinary clinics, there is a shortfall in service provision from the perspective of 

pwMND and their caregivers. A recent study (n=44 pwMND, n=37 caregivers of pwMND) 

[11] showed that despite a universal health system (Medicare) and accessibility to a 

specialised MND multidisciplinary clinic, gaps included a) the limited understanding and 

availability of assistive technology to facilitate function and decrease reliance on caregivers, 

b) advice regarding employment and driving and c) limited psychosocial support from the 

caregivers’ perspective. In a different study also based in Australia (patient n=503, caregiver 

n=373) comparing the extent to which existing supportive service models met the needs of 

four neurodegenerative disorders (MND, multiple sclerosis, Parkinsons’ disease, 

Huntington’s disease), the caregivers of pwMND reported the lowest quality of life and were 

most distressed by fatigue and tiredness [119]. 

The gaps in service most likely relate to a) variations in service by local community 

providers compounded by the absence of care by rehabilitation or palliative care physicians, 

b) lack of consensus about what issues should be addressed in multidisciplinary care 

programs for pwMND that incorporates the patients’, caregivers’, and treating clinicians’ 

perspective and c) poor understanding of allied health roles. The healthcare needs of pwMND 

can be difficult to determine due to variable MND disease severity and progression. The 

limitations in activity and participation can be subjective and are not always easy to quantify 

with the differing perspectives of the pwMND, their caregiver, treating health professionals 

and by the community as a whole. The ‘insider’ lived experience of disablement is important 

in the context of providing effective clinical care. Information from such insights can guide 
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service policy, planning, development and resource utilization. Use of the ICF for this 

purpose has been discussed in Section 1.9.3. 

The recent guidelines for persons with long-term neurological conditions (including 

MND) recommend the interface between neurology, rehabilitation and palliative care to 

address the diagnostic, restorative and palliative phases of illness [120]. Neurologists assess, 

diagnose and manage disease. Involvement of palliative care physicians at an earlier stage of 

disease is important for management of distressing symptoms (such as nausea, vomiting and 

breathlessness). While rehabilitation physicians can contribute to care by assisting with 

disability management and adaptive equipment provision (such as strategies and aids for 

communication, mobility and ability to perform activities of daily living; procedures for 

spasticity, pain control; and behaviour management), they can struggle as disease advances, 

while palliative care teams may struggle at stages where disease is not advancing. These 

issues may be addressed by cross-referral and closer collaboration between different services. 

A proposed model for service interaction in caring for persons with MND shows 

involvement of neurologists and palliative care teams in the acute and terminal phases of care, 

with a relatively smaller role for rehabilitation physicians. However rehabilitation plays a 

major role in long-term care and support (over years) in the more slowly progressive phase 

[120]. 

Early rehabilitation intervention and treatment has much to contribute to improve health 

and quality of life prior to accumulation of disability through symptomatic and supportive 

therapies to enhance functional independence and community integration and reduce barriers 

(such as lack of knowledge about treatment, economic constraints) [121]. Disability 

management in MND should also be planned, with deficits should be anticipated (over time) 

to avoid ‘crisis management’. Early palliative care intervention too has much to offer 

particularly in symptom management, respite care, and in addressing the psychological and 

spiritual issues that have been shown to have a greater bearing on quality of life in MND than 

physical functioning. An earlier palliative care referral allows the development of a 

relationship of trust while communication is generally easier, and mutual education and 

support of treating physicians and other disciplines in issues around communication and 

dying [122]. 

As patients deteriorate the rehabilitation and palliative care approaches can overlap, i.e. 

‘neuropalliative rehabilitation’. Key skills in neuropalliative rehabilitation include: 

understanding disease progression, symptom control, managing expectations, issues relating 

to communication, addressing end of life issues, legal issues (mental capacity, wills), 

specialist interventions (ventilation), equipment needs, counselling and support, and welfare 

advice [120]. 

The gaps and deficiencies in MND care and services need to be addressed by 

collaborative work practice - clinicians need to respect others with expertise in related areas; 

co-ordination should occur between services; communication between specialties and 

between specialist and local services needs to improve [123,124]. 
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1.10. MULTIDISCIPLINARY CARE ISSUES IN MND 
 

MND is a fatal disease with a challenging progressive course that results in a broad and 

ever-changing spectrum of care needs. Symptoms are varied (see box 1.5) and need to be 

carefully assessed and managed. The timing of provision of appropriate care is important as 

whilst information needs to be provided when patients are psychologically in the right frame 

of mind, the options of certain interventions may be time-limited as the disease continues to 

progress. 

 

Box 1.5. Symptoms experienced by MND patients (adapted from [125]) 

 

Weakness 94% 

Dysphagia 90% 

Dyspnoea 85% 

Pain 73% 

Weight loss 71% 

Speech issues 71% 

Constipation 54% 

Cough 48% 

Sleep issues 29% 

Emotional lability 27% 

Drooling 25% 

 

 

1.10.1. Respiratory Management 

 

Most deaths in MND are due to respiratory failure as a consequence of respiratory muscle 

weakness, hence the diagnosis and management of respiratory symptoms is important (figure 

1.3) [105]. Counselling may be initiated at the time of diagnosis especially if respiratory 

symptoms are present and/or forced vital capacity (FVC) is <60% of predicted. Early 

symptoms may be suggestive of nocturnal hypoventilation (eg. frequent arousals, morning 

headaches, excessive daytime sleepiness, vivid dreams) rather than overt dyspnoea [105]. It is 

important to discuss the options of respiratory choices, including tracheostomy and 

ventilatory support well before these are clinically indicated to enable advance planning or 

directives. It is also important to offer patients information about the terminal stages of MND 

and reassure regarding terminal hypercapnoeic coma and resulting peaceful death, as many 

may fear “choking to death” [126]. 

Respiratory function should be evaluated every three months from the time of diagnosis. 

Whilst FVC is the most commonly used [127] and significantly predicts survival [128], it can 

be insensitive to slight changes in muscle strength [129]. The maximal inspiratory pressure 

(MIP) also requires a mouthpiece. The maximal sniff nasal inspiratory force or sniff nasal 

pressure (SNP) may be more appropriate especially in those with bulbar weakness (no 

mouthpiece) and has been found to be more sensitive to changes in diaphragmatic and 

respiratory muscle strength [130,131]. It is also more reliably recorded in the later stages of 

MND and is more sensitive, although less specific than FVC for predicting six-month 

mortality [132]. 
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Figure 1.3. Respiratory management algorithm in MND (adapted from [105]). 

Initial management can include chest physiotherapy and postural drainage, especially if 

the patient has difficulty clearing secretions from the chest [133]. A suction machine may also 

be helpful for this purpose. Preventing respiratory infections is a primary goal and 

pneumococcal and influenza vaccines should be administered. Respiratory muscle exercise 

can be instituted and may delay the onset of ventilatory failure [134]. 

Non-invasive ventilation (NIV) should be considered for patients with respiratory 

insufficiency (see figure 1.3 for criteria) and is especially helpful overnight for symptomatic 

nocturnal respiratory compromise although it is also often used in addition, during the day as 

the disease progresses. A recent Cochrane review concluded that NIV significantly improves 

quality of life when tolerated and may prolong survival in those with normal to moderately 

impaired bulbar function especially if used for  4 hours a day [135]. Successful use of NIV 

is dependent on respiratory therapists and patients working closely and patiently through the 

adjustment phase of NIV, especially with selection and tolerance of face masks. A small dose 

of anxiolytic may assist with the process in select patients. Bulbar involvement and executive 

dysfunction may also impact negatively on compliance [105]. 

Invasive ventilation should be offered when longer-term survival is the goal. Careful 

counselling is necessary with regards to benefits and burden (expense, intensive physical 

support with suctioning and nursing care, high caregiver burden) as many may not be able to 

manage invasive ventilation at home, thus requiring residential care (nursing home) 

placement [105,136]. Not all residential facilities manage invasive ventilation, which might 

further restrict options of placement. Approximately 10-20% of pwMND elect invasive 
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ventilation. However, of those who do undergo invasive ventilation (including those 

administered at the time of acute respiratory failure without advance discussion), there 

appears to be good acceptance and satisfactory quality of life [137]. 

 

 

1.10.2. Communication 

 

Dysarthria is common as a result of bulbar involvement and can be a source of significant 

frustration to the pwMND and their families. Early changes include nasality or reduced vocal 

volume and changes in oral movement rates and speech rates [138]. As weakness and 

spasticity of the oral and laryngeal muscles increase, imprecise consonant production, 

hypernasality, harsh vocal quality, slowed rate of speech and breath volumes affect 

intelligibility [139]. Speech pathologists can teach the patient to slow speech rate, exaggerate 

articulation and improve respiratory efficiency through phrasing [1]. Palatal lift and palatal 

augmentation prostheses may also be of some use to reduce the hypernasal aspect of 

dysarthria [140]. As intelligibility worsens, augmentation of communication may be achieved 

with devices ranging from simple pen and paper or alphabet/word communication boards to 

more high-tech keyboard-based and computerised instruments. Environmental control units 

that use movement input from any part of the body (eg. eye gaze) can be used in very 

advanced disease [141]. Whilst some of these devices can be expensive, they help the patient 

and caregivers stay connected, respond to their need and discuss complex important issues, 

including medical information [142]. For those who have no voluntary motor control for 

communication, brain-computer interface that use electroencephalogram signals are being 

researched [143]. 

 

 

1.10.2. Swallowing and Nutrition 

 

Dysphagia affects a third of pwMND at onset and the majority by late disease [144]. It 

increases the risk of suboptimal caloric and fluid intake and can worsen weakness and fatigue 

[145]. Aspiration pneumonia (13%) is a contributor to respiratory complications and is 

associated with increased mortality with mean survival time post-infection of 2 months [146]. 

More than 50% of pwMND report difficulties in the oral preparatory stage of swallowing 

(preparation of food for propulsion to the pharynx) [147]. Symptoms include jaw weakness, 

fatigue, drooling, choking on food and slow eating. In addition, loss of upper limb function 

and fear of choking or depression can further impact on self-feeding abilities and oral intake 

[148]. A speech pathologist can perform a bed-side assessment and/or further imaging (eg 

videofluroscopy) to evaluate the degree of dysphagia. Mild dysphagia can be managed with 

specific interventions such a alteration of food consistency, upright positioning, small bolus 

size, soft collar for neck extensor weakness and the chin-tuck technique, in which the person 

flexes their neck to the anterior chest wall as they swallow, narrowing the inlet to the larynx 

and reducing the chance of food aspiration. Dieticians monitor nutritional status through body 

weight, percentage weight loss and body mass index. Common advice includes high calorie 

diets, texture modification and prescription of nutritional supplements [149]. Patients may 

show nutritional compromise even before bulbar symptoms become significant [148] as in 

addition to muscle wasting, pwMND at all stages of disease often do not meet their energy 
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requirements [150]. Dehydration is also a common and important problem contributing to 

fatigue and thickened secretions [1]. 

As dysphagia progresses, evidence (Level B) suggests a percutaneous endoscopic 

gastrostomy (PEG) or equivalent (eg. radiologically inserted gastrostomy) is indicated to 

supplement oral intake (as long as this remains safe) for weight maintenance [151]. PEGs 

prolong survival but there is currently little evidence regarding the impact of PEG on quality 

of life [100]. Timing of a PEG can be challenging. Weight loss (a loss of 5-10% of body 

weight implies nutritional risk [1]) and FVC should be considered (PEGs should be placed 

before FVC falls below 50% of predicted [152] as risks of largyngeal spasm, localized 

infection, gastric haemorrhage, technical difficulties of PEG placement and respiratory arrest 

increase [153,154]). 

Sialorrhoea can be a significant issue in MND and is generally not related to increased 

saliva production but rather to impaired ability to swallow saliva, combined with facial 

weakness causing labial incompetence and neck weakness causing the head to tip forward [1]. 

Improved positioning, use of a cervical collar and orolingual exercises may be helpful. 

Medications such as anticholinergics and tricyclics can also be trialled [155], as can suction 

machines. In the US, most commonly used medications are amitriptyline, glycopyrrolate, 

atropine and propantheline [156]. However, medications may further thicken secretions, 

hence should be used with caution in those with respiratory insufficiency or poor cough. 

More recently, botulinum toxin injected into the salivary glands (parotid, submandibular) 

appears to be safe and has been used to treat sialorrhea with beneficial effects lasting 

approximately 3 months [157,158]. Thick oropharyngeal secretions may be treated with 

increased fluid intake, humidification of air, cough augmentation, suction machines and 

guaifenesin [156]. 

 

 

1.10.3. Exercise 

 

The effects of exercise and safe therapeutic range in MND are poorly understood. It is 

generally accepted that weakness and muscle fibre degeneration may be accelerated by 

overwork or heavy exercise as it is already functioning close to its maximal limits [159]. 

However, inactivity leads to deconditioning and disuse weakness. In addition, muscle and 

joint spasticity can cause pain, contractures and further loss of function. A recent Cochrane 

review [160] identified two trials (n = 52), which addressed therapeutic exercise in MND. 

The trials examined the effects of moderate intensity, endurance type exercise on spasticity, 

and effects of moderate intensity resistance type exercises in MND. Although one of the trials 

reported improvement in function and quality of life, both trials were too small to determine 

to what extent strengthening exercises were beneficial or harmful in this population [160]. In 

view of the paucity of evidence to guide exercise prescription, the current recommendations 

are [161]: 

 

 Stretching exercise to improve flexibility to maintain muscle length and joint 

mobility and prevent contractures. 

 Strengthening exercise of sub-maximal (low, non-fatiguing) intensity, with degree of 

resistance tailored to muscle strength.  
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 Aerobic/endurance exercise may improve cardio-respiratory fitness and is probably 

safe but adequate oxygenation, aeration and carbohydrate load is important to reduce 

oxidative stress load. 

 

 

1.10.4. Mobility and Activities of Daily Living 

 

In early stages of disease, rehabilitation aims to prolong independence in mobility and 

activities of daily living, prevent complications such as falls, contractures, and 

musculoskeletal pain, maintain strength, range of movement and conditioning through an 

appropriate exercise program, educate the patient and family about the disease, provide 

psychological support, evaluate the home for safety and teach energy conservation techniques 

[162]. 

As weakness worsens, the physiotherapist can instruct the patient and family in safe 

transfer techniques (eg. between bed and chair, in and out of cars), optimise gait pattern and 

provide gait re-training with appropriate gait aids (eg. walking frame, sticks) and orthoses 

(ankle-foot orthosis to facilitate foot clearance during gait and stabilise knee to prevent falls). 

Occupational therapists can fabricate with upper limb orthoses to assist with fine motor 

function. For example, patients with distal weakness can improve hand function with wrists 

braced in 30 extension which improves efficiency of grip and addition of a universal cuff can 

assist those with weak grasp in feeding and typing [1]. Other adaptive equipment is also 

provided, such as built-up cutlery for eating, Velcro fasteners for dressing, long-handled aids, 

and bathroom equipment (rails, over-the-toilet frames, bath boards, shower chairs, 

commodes). 

Wheelchairs are generally eventually required although introduction of a wheelchair 

whilst a patient is still ambulant, for intermittent community use, is important to enhance 

energy conservation. Future needs should be anticipated and considered when prescribing a 

powered wheelchair (eg. reclining, tilt-in-space, custom seating, and modifiable control 

system) to optimise independence and social interaction whilst preventing contractures, 

compression nerve palsies, skin breakdown and aspiration. A motorised scooter may be more 

appropriate for some patients [1]. Other equipment such as hospital beds with pressure-

relieving mattress and hoists for lifting might also be required. Caregiver training in the use of 

hoists is important to prevent injury. 

 

 

1.10.5. Bladder, Bowel and Sexuality 

 

Although bowel and bladder sphincters are generally spared, bowel, bladder and sexual 

dysfunction may be much more common (30%) than reported to health professionals by 

pwMND [11,163]. These areas are in general poorly studied in MND. Constipation is likely 

to be common with inactivity and poor nutritional intake and can be treated with a regular 

bowel program with intake of fibre/bulking agents and adequate fluids. Suppositories, stool 

softeners and enemas may be required. In a group of 38 pwMND who underwent urological 

evaluations, 47% had micturition symptoms and urodynamics studies found a range of UMN 

abnormalities [164]. Where urinary urgency is an issue, oxybutinin may be helpful. 
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Contributory factors to incontinence, such as urinary tract infections, drinking large amount 

of fluids late in the day and dependent oedema causing nocturia when the legs are elevated 

overnight should be considered and treated. Wasner et al [165] suggested a prevalence of 

62% (n=62) in sexual dysfunction with issues including decreased libido and passivity of the 

patient and partner due to physical weakness and the body image changes. The wide variation 

in reported prevalence in bowel, bladder and sexual dysfunction suggests that patients may 

not volunteer this information; hence its inclusion in routine enquiries might help to 

encourage reporting and thus the facilitation of appropriate treatment, such as sexual 

counselling and suggestion of specific techniques. 

 

 

1.10.6. Pain 

 

Pain is common in MND, especially in the later stages. Musculoskeletal pain from 

weakness and resulting postural changes can be ameliorated with range of motion exercises, 

adequate support in sitting and supine positions and proper lifting and transfer techniques to 

prevent undue traction on weakened joints. Fatigue and depressive symptoms may also 

worsen a patient’s experience of pain. 

Spasticity and muscle spasms are not an uncommon source of pain and with the current 

paucity of supporting evidence, this is often treated with stretching exercises in combination 

with a muscle relaxant (baclofen is the drug of choice) [166]. Baclofen should be started at 

low doses (5mg twice to three times daily) and slowly increased (up to 100mg a day in 

divided doses). Baclofen however can be associated with muscle weakness. Tizanidine (2mg 

twice daily up to 24 mg a day) is likely as efficacious but it is associated with dry mouth. 

Other options include clonidine (25 µg twice a day) which can cause hypotension, drowsiness 

and bradycardia and benzodiazepines which can cause sedation and habituation and 

respiratory depression. Dantrolene is not recommended as it can cause excessive muscle 

weakness in MND [167]. Intrathecal baclofen is rarely required but may be indicated in those 

with intractable spasticity, needing more than the maximum oral dose [168]. There are few 

reports of use of botulinum toxin for spasticity in MND in literature. Caution is advised as 

pwMND may be more prone to developing generalised weakness after being injected with 

botulinum toxin A to treat spasticity [169]. 

Muscle cramps can cause severe pain and discomfort and are a result of spontaneous 

activity of motor units induced by contraction of shortened muscles [170]. The list of 

potentially useful drugs for cramps is extensive, implying efficacy of individual agents is low 

and variable and the evidence base weak. In the US, quinine (35%), baclofen (19%), 

phenytoin (10%), and gabapentin (7%) were the preferred agents [156]; in Europe, choices 

were quinine (58%), benzodiazepines (40%), magnesium (25%) and carbamazepine (23%) 

[171]. In 2006 however, the US Food and Drug admininstration restricted the use of quinine 

sulfate in the US to treatment of malaria faciparum because of concerns regarding severe 

adverse events, including cardiaarthymias, thrombocytopaenia, severe hypersentivity 

reactions and serious drug interaction [172]. 

In advanced disease, pain often results due to immobility. Adequate mattress support, 

range of motion exercise and frequent turning of the patient are essential. Equipment such as 

motorized beds that slowly rotate from the side to side can be useful for reducing caregiver 

burden [1]. Analgesia such as nonsteroidal anti-inflammatory drugs or narcotics (oral or 
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sublingual) may also be required (with careful respiratory status monitoring in the latter). 

Intramuscular delivery of medications should be avoided due to muscle wasting [141]. 

 

 

1.10.7. Fatigue and Sleep Disorders 

 

Fatigue is a common disability in MND – 77-83% in recent studies [11,173] but 

understudied and often overlooked by clinicians [174]. It is unrelated to clinical strength as a 

large component of fatigue in MND has a central origin [175]. Fatigue in MND does not 

correlate directly with gender, educational level, disease duration, physical function, quality 

of life, dyspnoea, depression or sleepiness [173]. However, contributory factors may include 

sepsis (including aspiration), depression and/or anxiety, pain, hypoventilation, positioning, 

sleep disruption and effortful activity and these should be treated where possible. It may 

manifest as reduced energy, difficulty in maintaining sustained attention and increased motor 

weakness, incoordination and gait difficulties. No double-blind, placebo-controlled trials have 

been performed for treatment of fatigue. Physostigmine is sometimes prescribed but not 

necessarily effective [176]. Modafinil appears to be well-tolerated in a recent small open-

label study (n=15) and may reduce symptoms of fatigue [177]. Rehabilitation strategies 

involve pacing activities (regular rest breaks), energy conservation and fatigue management 

strategies, addressing sleep disorders, consideration of exercise to improve fitness if 

appropriate and treating other exacerbating factors. 

High incidence of sleep disturbance in MND has been reported with pain, micturition, 

and choking listed by patients as the most common causes for awakening [178]. Other 

contributors to poor sleep include abnormal nocturnal movements such as periodic leg 

movements or fragmentary myoclonus, which was demonstrated on polysomnography in 

almost all patients with fatigue [178]. Such movements may be treated with controlled release 

carbidopa-levodopa (Sinemet CR) [179]. Antihistamines (eg. diphenhydramine) and other 

sedatives (eg. Chloral hydrate 250-500mg, benzodiazepines) can also be considered once 

respiratory causes for sleep disturbance have been ruled out (see section 1.10.1 for the 

treatment of respiratory-related sleep disturbance). 

 

 

1.10.8. Cognition and Behavioural Impairment 

 

Cognitive impairment is increasingly recognised in MND -- 50% are thought to have 

frontal executive deficits (see box 1.6) [180]. Visuospatial function, praxis and memory 

storage are usually spared [181-183]. Use of memory aids such as diaries, planners and 

structured daily routine is encouraged. Other conditions (depression, anxiety, fatigue) and 

medications (anticholinergics, benzodiazepines) should be monitored as they can worsen 

cognitive function. 

Behavioural changes unrelated to mood or cognition has also been noted although 

estimates of prevalence vary widely [184]. Marked apathy occurs in an estimated 55% of 

pwMND [185].This correlates with deficits in verbal fluency but not depression, disease 

duration, FVC or ALSFRS scores and may be related to fatigue, respiratory weakness, 

impaired sleep, anxiety or medication [184]. It may also be a psychological coping 

mechanism [184]. 
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In a subset of pwMND (approximately 5%), clear fronto-temporal dementia (also known 

as fronto-temporal lobar degeneration) is the presenting picture with severe behavioural 

dysfunction (insidious onset with gradual progression, altered social conduct, impaired 

regulation of personal conduct, emotional blunting, loss of insight) that begins before motor 

weakness becomes obvious [184]. In addition, those with fronto-temporal dementia may 

exhibit disinhibition, restlessness, reduced empathy, lack of foresight, impulsiveness, social 

withdrawal, verbal stereotypes, verbal or motor perseveration and/or sexual hyperactivity 

[186]. 

Management of behavioural and cognitive deficits can be challenging and begins with the 

identification of these issues. An assessment by a neuropsychologist is often helpful in terms 

of defining the deficits and provision of cognitive and behavioural remediation strategies. 

Education and counselling of the patient and family is important. No trials have been 

conducted in efficacy of pharmacological interventions in this area; however the use of 

antidepressants and antipsychotics may be considered. 

 

Box 1.6. Cognitive deficits in MND (adapted from [184]) 

 

Attention and concentration 

Working memory 

Cognitive flexibility (rigidity) 

Response inhibition 

Planning/problem/solving/abstract reasoning 

Visual-perceptual skills 

Memory 

Word generation (fluency) 

 

 

1.10.9. Pseudobulbar Affect 

 

Pseudobulbar affect describes sudden uncontrollable outbursts of laughter or tearfulness 

and is a result of bilateral corticobulbar tract degeneration [187]. It is common, affecting 

between 50-70% of pwMND [188] especially those with the bulbar form of MND. 

Pseudobulbar affect can have a significant impact on anxiety and emotional frailty [188], 

social functioning and relationships in pwMND as these sudden, frequent, extreme, 

uncontrollable emotional outbursts may lead to severe embarrassment and social withdrawal 

[189]. 

Despite the prevalence of this issue, less than 15% ask for treatment [190]. Education of 

the pwMND and their family and friends assists with understanding and acceptance of these 

pathological and involuntary outbursts and is an important component of the appropriate 

treatment of pseudobulbar affect. Crying associated with pseudobulbar affect is easily 

incorrectly interpreted as depression; laughter may be embarrassing. Pharmacological 

treatment can include amitryiptiline (10-150mg nocte, starting with 10mg and slowly 

increasing the dose) which also has the positive benefit on weight loss and loss of appetite 

[190] or fluvoxamine (100-200mg daily). A more recent study (n=140) showed that 

dextromethorphan and quinidine in combination appears to be more effective in reducing the 
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frequency and severity of psudobulbar affect and to improve quality of life ) [191]. However, 

side effects are also more common (nausea, dizziness, gastrointestinal complaints) [191]. 

 

 

1.10.10. Psychosocial Issues 

 

MND is a devastating condition, which takes its toll on the patient and family especially 

as the disease progresses, and loss of independence occurs. Rates of depression and anxiety 

are reported to be 0-44% and 0-30% respectively in pwMND [192] and depression does not 

appear to increase in more advanced disease [193]. Quality of life also appears to be more 

dependent on psychological and existential factors than physical factors [194,195]. Amongst 

caregivers, 23% are depressed [196] and caregiver strain is often significant as a result of 

increased caregiving time, cognitive impairments in pwMND, emotional labour and socio-

economic considerations [12,197,198]. Hence, referrals to support groups and counselling and 

education of patients and their families (often their caregivers) are essential. Frank 

discussions facilitate understanding of the disease and improve coping skills. Carer support 

(both physical and emotional) and respite care should be discussed. Referrals to the local 

MND associations are also recommended as these provide patients and families with ongoing 

support, resources and equipment needs. Psychotherapy should also be considered to assist 

with coping strategies [199]. Antidepressants such as amitriptyline and selective serotonin 

reuptake inhibitors may be used, the former being also useful for other symptoms such as 

drooling, pseudobulbar affect and insomnia. Anxiety is difficult to measure due to physical 

confounding symptoms such as shortness of breath, muscle cramps and restlessness. Anxiety 

can be treated with psychotherapy and training in relaxation and breathing techniques, as well 

as participation in support groups. It is generally thought that the rates of anxiety increase in 

the pre-terminal stage [192], hence anxiolytics at this time such as benzodiazepines should be 

offered. With good support, mental health and quality of life can remain stable despite 

deteriorating physical health [200]. 

 

 

1.10.11. End of Life Issues 

 

It is important to establish an open environment of communication with pwMND and 

their families from the time of diagnosis. Specialist palliative care providers should be 

involved as early as possible. Discussions should take place early, well before specific 

decisions need to be made. The actual timing of when to introduce these discussions however 

can be challenging and will depend on a number of factors including coping skills, depression 

and anxiety, cultural issues and functional status [201]. Some triggers may include the patient 

or family initiation of discussion, severe psychosocial distress, pain requiring high dosages of 

analgesia, dysphagia, dyspnoea and functional loss in two body regions [201]. Given the 

progressive nature of the disease, the patient eventually has to choose between life-sustaining 

therapies (respiratory assistance, feeding tubes) and terminal palliative care whilst 

considering issues relating to quality of life, burden of therapies, their own wishes and those 

of their family. It is important that clinicians caring for MND patients and their families 

appreciate and communicate the significance of life-threatening symptoms, monitor decision-

making capacity, ensure that multiple possible end of life scenarios are anticipated and 
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managed with all options provided (including hospice care), review advance care directives 

and comprehensively consider and aggressively manage symptoms [202]. 

Medications should be available for all patients who are deteriorating and may be 

approaching the terminal phase, although the terminal phase may be difficult to recognise as 

there is usually slow deterioration until a quicker change leads to death within a few days or 

less [203]. Medications should include morphine to relieve dyspnoea and pain, midazolam to 

relieve distress and agitation and glycopyrronium bromide or hyoscine hydrobromide to 

reduce chest secretions, delivered parenterally [203]. Cultural and spiritual issues should also 

be addressed [201,204]. Although many pwMND fear the terminal stages of MND, with good 

palliative care, the later stages can be a time of fulfilment and peace for both pwMND and 

their families [203]. 

Bereavement in MND occurs in both the patient and their family and continues, in 

families, after the death of the patient. Some families feel relieved of their caregiver burden 

and the burden of losses for the patient but also have feelings of guilt that they feel these 

emotions; hence support is vital in this area [205]. 

 

 

CONCLUSION 
 

MND is a complex and challenging condition with no cure. As such, integrated and 

coordinated health care delivery and services are needed for comprehensive care for pwMND 

using the neuropalliative rehabilitation model with the aim of maximising activity and 

participation and optimising quality of life. Many areas in MND are poorly understood, with 

research often further hindered by the logistical and ethical difficulties. Further research is 

needed into appropriate study designs; outcome measurement; the evaluation of optimal 

settings, type, intensity or frequency and cost-effectiveness of multidisciplinary care; and the 

different phases of MND, covering the spectrum of care required for this patient population. 

The interface between neurological, rehabilitative and palliative components of care, and 

caregiver needs should be explored and developed to provide long-term support for this 

population. 

 

 

REFERENCES 
 

[1] Francis K, Bach JR, DeLisa JA. Evaluation and rehabilitation of patients with adult 

motor neuron disease. Arch. Phys. Med. Rehabil. 1999 Aug;80(8):951-63. 

[2] Rowland LP. How amyotrophic lateral sclerosis got its name: the clinical-pathologic 

genius of Jean-Martin Charcot. Arch. Neurol. 2001 Mar;58(3):512-5. 

[3] Forsgren L, Almay BG, Holmgren G, Wall S. Epidemiology of motor neuron disease in 

northern Sweden. Acta Neurol. Scand. 1983 Jul;68(1):20-9. 

[4] Logroscino G, Traynor BJ, Hardiman O, Chio A, Couratier P, Mitchell JD, et al. 

Descriptive epidemiology of amyotrophic lateral sclerosis: new evidence and unsolved 

issues. J. Neurol. Neurosurg Psychiatry. 2008 Jan;79(1):6-11. 

[5] Worms PM. The epidemiology of motor neuron diseases: a review of recent studies. J. 

Neurol. Sci. 2001 Oct 15;191(1-2):3-9. 



Louisa Ng and Fary Khan 38 

[6] Rocha JA, Reis C, Simoes F, Fonseca J, Mendes Ribeiro J. Diagnostic investigation and 

multidisciplinary management in motor neuron disease. J. Neurol. 2005 

Dec;252(12):1435-47. 

[7] Turner MR, Al-Chalabi A. Clinical phenotypes. In: Kiernan M, editor. The Motor 

Neurone Disease Handbook. Prymont: Australasian Medical Publishing Company 

Limited; 2007. p. 56-73. 

[8] World Health Organization. International Classification of Functioning, Disability, and 

Health (ICF). Geneva2001. 

[9] Klein LM, Forshew DA. The economic impact of ALS. Neurology. 1996 Oct;47(4 

Suppl 2):S126-9. 

[10] Rhodes P, Shaw S. Informal care and terminal illness. Health Soc Care Community. 

1999 Jan;7(1):39-50. 

[11] Ng L, Talman P, Khan F. Motor Neurone Disease: Disability profile and service needs 

in an Australian cohort. Int. J. Rehabil. Res. 2011;in press. 

[12] Chio A, Gauthier A, Vignola A, Calvo A, Ghiglione P, Cavallo E, et al. Caregiver time 

use in ALS. Neurology. 2006 Sep 12;67(5):902-4. 

[13] Acting positively: strategic implications of the economic costs of multiple sclerosis in 

Australia. Sydney, Australia: Access Economics2005  

[14] Emanuel EJ, Emanuel LL. The economics of dying. The illusion of cost savings at the 

end of life. N. Engl. J. Med. 1994 Feb 24;330(8):540-4. 

[15] Chancellor AM, Warlow CP. Adult onset motor neuron disease: worldwide mortality, 

incidence and distribution since 1950. J. Neurol. Neurosurg. Psychiatry. 1992 

Dec;55(12):1106-15. 

[16] Murphy M, Quinn S, Young J, Parkin P, Taylor B. Increasing incidence of ALS in 

Canterbury, New Zealand: a 22-year study. Neurology. 2008 Dec 2;71(23):1889-95. 

[17] Chio A, Magnani C, Schiffer D. Gompertzian analysis of amyotrophic lateral sclerosis 

mortality in Italy, 1957-1987; application to birth cohorts. Neuroepidemiology. 

1995;14(6):269-77. 

[18] McGuire D, Garrison L, Armon C, Barohn R, Bryan W, Miller R, et al. Relationship of 

the Tufts Quantitative Neuromuscular Exam (TQNE) and the Sickness Impact Profile 

(SIP) in measuring progression of ALS. SSNJV/CNTF ALS Study Group. Neurology. 

1996 May;46(5):1442-4. 

[19] Motor Neurone Disease Association. Research Strategy 2006-2012. Northampton, UK: 

Motor Neurone Disease Association2007. 

[20] AMNDR Steering Committee. Australian Motor Neurone Disease Registry (poster): 

World Federation of Neurology Meeting2005. 

[21] Cronin S, Hardiman O, Traynor BJ. Ethnic variation in the incidence of ALS: a 

systematic review. Neurology. 2007 Mar 27;68(13):1002-7. 

[22] Armon C. Smoking may be considered an established risk factor for sporadic ALS. 

Neurology. 2009 Nov 17;73(20):1693-8. 

[23] Chio A, Benzi G, Dossena M, Mutani R, Mora G. Severely increased risk of 

amyotrophic lateral sclerosis among Italian professional football players. Brain. 2005 

Mar;128(Pt 3):472-6. 

[24] Veldink JH, Kalmijn S, Groeneveld GJ, Titulaer MJ, Wokke JH, van den Berg LH. 

Physical activity and the association with sporadic ALS. Neurology. 2005 Jan 

25;64(2):241-5. 



Motor Neuron Disease: Causes, Classification and Treatments 39 

[25] Rowland LP, Shneider NA. Amyotrophic lateral sclerosis. N. Engl. J. Med. 2001 May 

31;344(22):1688-700. 

[26] Spencer PS, Nunn PB, Hugon J, Ludolph AC, Ross SM, Roy DN, et al. Guam 

amyotrophic lateral sclerosis-parkinsonism-dementia linked to a plant excitant 

neurotoxin. Science. 1987 Jul 31;237(4814):517-22. 

[27] Steele JC, McGeer PL. The ALS/PDC syndrome of Guam and the cycad hypothesis. 

Neurology. 2008 May 20;70(21):1984-90. 

[28] Dunckley T, Huentelman MJ, Craig DW, Pearson JV, Szelinger S, Joshipura K, et al. 

Whole-genome analysis of sporadic amyotrophic lateral sclerosis. N. Engl. J. Med. 

2007 Aug 23;357(8):775-88. 

[29] van Es MA, Van Vught PW, Blauw HM, Franke L, Saris CG, Andersen PM, et al. 

ITPR2 as a susceptibility gene in sporadic amyotrophic lateral sclerosis: a genome-wide 

association study. Lancet Neurol. 2007 Oct;6(10):869-77. 

[30] van Es MA, van Vught PW, Blauw HM, Franke L, Saris CG, Van den Bosch L, et al. 

Genetic variation in DPP6 is associated with susceptibility to amyotrophic lateral 

sclerosis. Nat. Genet. 2008 Jan;40(1):29-31. 

[31] Rosen DR. Mutations in Cu/Zn superoxide dismutase gene are associated with familial 

amyotrophic lateral sclerosis. Nature. 1993 Jul 22;364(6435):362. 

[32] Hand CK, Khoris J, Salachas F, Gros-Louis F, Lopes AA, Mayeux-Portas V, et al. A 

novel locus for familial amyotrophic lateral sclerosis, on chromosome 18q. Am. J. Hum. 

Genet. 2002 Jan;70(1):251-6. 

[33] Chance PF, Rabin BA, Ryan SG, Ding Y, Scavina M, Crain B, et al. Linkage of the 

gene for an autosomal dominant form of juvenile amyotrophic lateral sclerosis to 

chromosome 9q34. Am. J. Hum. Genet. 1998 Mar;62(3):633-40. 

[34] Kwiatkowski TJ, Jr., Bosco DA, Leclerc AL, Tamrazian E, Vanderburg CR, Russ C, et 

al. Mutations in the FUS/TLS gene on chromosome 16 cause familial amyotrophic 

lateral sclerosis. Science. 2009 Feb 27;323(5918):1205-8. 

[35] Yan J, Deng HX, Siddique N, Fecto F, Chen W, Yang Y, et al. Frameshift and novel 

mutations in FUS in familial amyotrophic lateral sclerosis and ALS/dementia. 

Neurology. 2010 Aug 31;75(9):807-14. 

[36] Sapp PC, Hosler BA, McKenna-Yasek D, Chin W, Gann A, Genise H, et al. 

Identification of two novel loci for dominantly inherited familial amyotrophic lateral 

sclerosis. Am. J. Hum. Genet. 2003 Aug;73(2):397-403. 

[37] Nishimura AL, Mitne-Neto M, Silva HC, Oliveira JR, Vainzof M, Zatz M. A novel 

locus for late onset amyotrophic lateral sclerosis/motor neurone disease variant at 

20q13. J. Med. Genet. 2004 Apr;41(4):315-20. 

[38] Greenway MJ, Andersen PM, Russ C, Ennis S, Cashman S, Donaghy C, et al. ANG 

mutations segregate with familial and 'sporadic' amyotrophic lateral sclerosis. Nat. 

Genet. 2006 Apr;38(4):411-3. 

[39] Sreedharan J, Blair IP, Tripathi VB, Hu X, Vance C, Rogelj B, et al. TDP-43 mutations 

in familial and sporadic amyotrophic lateral sclerosis. Science. 2008 Mar 

21;319(5870):1668-72. 

[40] Chow CY, Landers JE, Bergren SK, Sapp PC, Grant AE, Jones JM, et al. Deleterious 

variants of FIG4, a phosphoinositide phosphatase, in patients with ALS. Am. J. Hum. 

Genet. 2009 Jan;84(1):85-8. 



Louisa Ng and Fary Khan 40 

[41] Al-Chalabi A, Andersen PM, Nilsson P, Chioza B, Andersson JL, Russ C, et al. 

Deletions of the heavy neurofilament subunit tail in amyotrophic lateral sclerosis. Hum. 

Mol. Genet. 1999 Feb;8(2):157-64. 

[42] Mitchell J, Paul P, Chen HJ, Morris A, Payling M, Falchi M, et al. Familial 

amyotrophic lateral sclerosis is associated with a mutation in D-amino acid oxidase. 

Proc. Natl. Acad. Sci. USA. 2010 Apr 20;107(16):7556-61. 

[43] Figlewicz DA, Orrell RW. The genetics of motor neuron diseases. Amyotroph Lateral 

Scler Other Motor Neuron Disord. 2003 Dec;4(4):225-31. 

[44] Hosler BA, Siddique T, Sapp PC, Sailor W, Huang MC, Hossain A, et al. Linkage of 

familial amyotrophic lateral sclerosis with frontotemporal dementia to chromosome 

9q21-q22. JAMA. 2000 Oct 4;284(13):1664-9. 

[45] Eymard-Pierre E, Lesca G, Dollet S, Santorelli FM, di Capua M, Bertini E, et al. 

Infantile-onset ascending hereditary spastic paralysis is associated with mutations in the 

alsin gene. Am. J. Hum. Genet. 2002 Sep;71(3):518-27. 

[46] Hentati A, Ouahchi K, Pericak-Vance MA, Nijhawan D, Ahmad A, Yang Y, et al. 

Linkage of a commoner form of recessive amyotrophic lateral sclerosis to chromosome 

15q15-q22 markers. Neurogenetics. 1998 Dec;2(1):55-60. 

[47] Brown RH, Jr. Amyotrophic lateral sclerosis: recent insights from genetics and 

transgenic mice. Cell. 1995 Mar 10;80(5):687-92. 

[48] Cookson MR, Shaw PJ. Oxidative stress and motor neurone disease. Brain Pathol. 

1999 Jan;9(1):165-86. 

[49] Shaw PJ, Ince PG. Glutamate, excitotoxicity and amyotrophic lateral sclerosis. J. 

Neurol. 1997 May;244 Suppl 2:S3-14. 

[50] Majoor-Krakauer D, Willems PJ, Hofman A. Genetic epidemiology of amyotrophic 

lateral sclerosis. Clin. Genet. 2003 Feb;63(2):83-101. 

[51] Cleveland DW, Rothstein JD. From Charcot to Lou Gehrig: deciphering selective motor 

neuron death in ALS. Nat. Rev. Neurosci. 2001 Nov;2(11):806-19. 

[52] Shaw PJ. Molecular and cellular pathways of neurodegeneration in motor neurone 

disease. J. Neurol. Neurosurg Psychiatry. 2005 Aug;76(8):1046-57. 

[53] Bruijn LI, Miller TM, Cleveland DW. Unraveling the mechanisms involved in motor 

neuron degeneration in ALS. Annu. Rev. Neurosci. 2004;27:723-49. 

[54] Andersen PM. Genetic factors in the early diagnosis of ALS. Amyotroph Lateral Scler 

Other Motor Neuron Disord. 2000 Mar;1 Suppl 1:S31-42. 

[55] Andersen PM, Spitsyn VA, Makarov SV, Nilsson L, Kravchuk OI, Bychkovskaya LS, 

et al. The geographical and ethnic distribution of the D90A CuZn-SOD mutation in the 

Russian Federation. Amyotroph. Lateral Scler. Other Motor Neuron Disord. 2001 

Jun;2(2):63-9. 

[56] Gurney ME. Transgenic-mouse model of amyotrophic lateral sclerosis. N. Engl. J. Med. 

1994 Dec 22;331(25):1721-2. 

[57] Gurney ME. Transgenic animal models of familial amyotrophic lateral sclerosis. J. 

Neurol. 1997 May;244 Suppl 2:S15-20. 

[58] Reaume AG, Elliott JL, Hoffman EK, Kowall NW, Ferrante RJ, Siwek DF, et al. Motor 

neurons in Cu/Zn superoxide dismutase-deficient mice develop normally but exhibit 

enhanced cell death after axonal injury. Nat. Genet. 1996 May;13(1):43-7. 



Motor Neuron Disease: Causes, Classification and Treatments 41 

[59] Shaw PJ, Forrest V, Ince PG, Richardson JP, Wastell HJ. CSF and plasma amino acid 

levels in motor neuron disease: elevation of CSF glutamate in a subset of patients. 

Neurodegeneration. 1995 Jun;4(2):209-16. 

[60] Miller RG, Mitchell JD, Lyon M, Moore DH. Riluzole for amyotrophic lateral sclerosis 

(ALS)/motor neuron disease (MND). Cochrane Database Syst. Rev. 

2007(1):CD001447. 

[61] Cleveland DW, Liu J. Oxidation versus aggregation - how do SOD1 mutants cause 

ALS? Nat. Med. 2000 Dec;6(12):1320-1. 

[62] Karch CM, Prudencio M, Winkler DD, Hart PJ, Borchelt DR. Role of mutant SOD1 

disulfide oxidation and aggregation in the pathogenesis of familial ALS. Proc. Natl. 

Acad. Sci. USA. 2009 May 12;106(19):7774-9. 

[63] Manfredi G, Xu Z. Mitochondrial dysfunction and its role in motor neuron degeneration 

in ALS. Mitochondrion. 2005 Apr;5(2):77-87. 

[64] Kim WK, Liu X, Sandner J, Pasmantier M, Andrews J, Rowland LP, et al. Study of 962 

patients indicates progressive muscular atrophy is a form of ALS. Neurology. 2009 Nov 

17;73(20):1686-92. 

[65] Ince PG, Evans J, Knopp M, Forster G, Hamdalla HH, Wharton SB, et al. Corticospinal 

tract degeneration in the progressive muscular atrophy variant of ALS. Neurology. 2003 

Apr 22;60(8):1252-8. 

[66] Talman P, Forbes A, Mathers S. Clinical phenotypes and natural progression for motor 

neuron disease: analysis from an Australian database. Amyotroph Lateral Scler. 2009 

Apr;10(2):79-84. 

[67] Gordon PH, Cheng B, Katz IB, Mitsumoto H, Rowland LP. Clinical features that 

distinguish PLS, upper motor neuron-dominant ALS, and typical ALS. Neurology. 

2009 Jun 2;72(22):1948-52. 

[68] Gordon PH, Cheng B, Katz IB, Pinto M, Hays AP, Mitsumoto H, et al. The natural 

history of primary lateral sclerosis. Neurology. 2006 Mar 14;66(5):647-53. 

[69] Tan CF, Kakita A, Piao YS, Kikugawa K, Endo K, Tanaka M, et al. Primary lateral 

sclerosis: a rare upper-motor-predominant form of amyotrophic lateral sclerosis often 

accompanied by frontotemporal lobar degeneration with ubiquitinated neuronal 

inclusions? Report of an autopsy case and a review of the literature. Acta Neuropathol. 

2003 Jun;105(6):615-20. 

[70] Wijesekera LC, Mathers S, Talman P, Galtrey C, Parkinson MH, Ganesalingam J, et al. 

Natural history and clinical features of the flail arm and flail leg ALS variants. 

Neurology. 2009 Mar 24;72(12):1087-94. 

[71] Bryant PR, Geis CC, Moroz A, O'Neill B J, Bogey RA. Stroke and neurodegenerative 

disorders. 4. Neurodegenerative disorders. Arch. Phys. Med. Rehabil. 2004 Mar;85(3 

Suppl 1):S21-33. 

[72] Eisen A, Swash M. Clinical neurophysiology of ALS. Clin. Neurophysiol. 2001 

Dec;112(12):2190-201. 

[73] Krivickas LS. Amyotrophic lateral sclerosis and other motor neuron diseases. Phys. 

Med. Rehabil. Clin. N Am. 2003 May;14(2):327-45. 

[74] Brooks BR. El Escorial World Federation of Neurology criteria for the diagnosis of 

amyotrophic lateral sclerosis. Subcommittee on Motor Neuron Diseases/Amyotrophic 

Lateral Sclerosis of the World Federation of Neurology Research Group on 



Louisa Ng and Fary Khan 42 

Neuromuscular Diseases and the El Escorial "Clinical limits of amyotrophic lateral 

sclerosis" workshop contributors. J. Neurol. Sci. 1994 Jul;124 Suppl:96-107. 

[75] Brooks BR, Miller RG, Swash M, Munsat TL. El Escorial revisited: revised criteria for 

the diagnosis of amyotrophic lateral sclerosis. Amyotroph Lateral Scler Other Motor 

Neuron Disord. 2000 Dec;1(5):293-9. 

[76] Ross MA, Miller RG, Berchert L, Parry G, Barohn RJ, Armon C, et al. Toward earlier 

diagnosis of amyotrophic lateral sclerosis: revised criteria. rhCNTF ALS Study Group. 

Neurology. 1998 Mar;50(3):768-72. 

[77] Traynor BJ, Codd MB, Corr B, Forde C, Frost E, Hardiman OM. Clinical features of 

amyotrophic lateral sclerosis according to the El Escorial and Airlie House diagnostic 

criteria: A population-based study. Arch. Neurol. 2000 Aug;57(8):1171-6. 

[78] de Carvalho M, Dengler R, Eisen A, England JD, Kaji R, Kimura J, et al. 

Electrodiagnostic criteria for diagnosis of ALS. Clin. Neurophysiol. 2008 

Mar;119(3):497-503. 

[79] Carvalho MD, Swash M. Awaji diagnostic algorithm increases sensitivity of El Escorial 

criteria for ALS diagnosis. Amyotroph. Lateral Scler. 2009 Feb;10(1):53-7. 

[80] Boekestein WA, Kleine BU, Hageman G, Schelhaas HJ, Zwarts MJ. Sensitivity and 

specificity of the 'Awaji' electrodiagnostic criteria for amyotrophic lateral sclerosis: 

retrospective comparison of the Awaji and revised El Escorial criteria for ALS. 

Amyotroph. Lateral Scler. 2010 Dec;11(6):497-501. 

[81] Brooks B. Amyotrophic Lateral Sclerosis Clinimetric Scales - Guidelines for 

Administration and Scoring. In: Herndon RM, editor. Handbook of Neurologic Rating 

Scales. 2
nd

 ed. New York: Demos Medical Publishing; 2006. p. 93-144. 

[82] Cedarbaum JM, Stambler N, Malta E, Fuller C, Hilt D, Thurmond B, et al. The 

ALSFRS-R: a revised ALS functional rating scale that incorporates assessments of 

respiratory function. BDNF ALS Study Group (Phase III). J. Neurol. Sci. 1999 Oct 

31;169(1-2):13-21. 

[83] Kaufmann P, Levy G, Montes J, Buchsbaum R, Barsdorf AI, Battista V, et al. Excellent 

inter-rater, intra-rater, and telephone-administered reliability of the ALSFRS-R in a 

multicenter clinical trial. Amyotroph. Lateral Scler. 2007 Feb;8(1):42-6. 

[84] De Groot IJ, Post MW, Van Heuveln T, Van Den Berg LH, Lindeman E. Measurement 

of decline of functioning in persons with amyotrophic lateral sclerosis: responsiveness 

and possible applications of the Functional Independence Measure, Barthel Index, 

Rehabilitation Activities Profile and Frenchay Activities Index. Amyotroph. Lateral 

Scler. 2006 Sep;7(3):167-72. 

[85] Granger CV. The emerging science of functional assessment: our tool for outcomes 

analysis. Arch. Phys. Med. Rehabil. 1998 Mar;79(3):235-40. 

[86] Mahoney FI, Barthel DW. Functional Evaluation: The Barthel Index. Md. State Med. J.. 

1965 Feb;14:61-5. 

[87] van Bennekom CA, Jelles F, Lankhorst GJ, Bouter LM. The Rehabilitation Activities 

Profile: a validation study of its use as a disability index with stroke patients. Arch Phys 

Med Rehabil. 1995 Jun;76(6):501-7. 

[88] Wade DT, Legh-Smith J, Langton Hewer R. Social activities after stroke: measurement 

and natural history using the Frenchay Activities Index. Int. Rehabil Med. 

1985;7(4):176-81. 



Motor Neuron Disease: Causes, Classification and Treatments 43 

[89] Norris FH, Jr., Calanchini PR, Fallat RJ, Panchari S, Jewett B. The administration of 

guanidine in amyotrophic lateral sclerosis. Neurology. 1974 Aug;24(8):721-8. 

[90] Appel V, Stewart SS, Smith G, Appel SH. A rating scale for amyotrophic lateral 

sclerosis: description and preliminary experience. Ann. Neurol. 1987 Sep;22(3):328-33. 

[91] Hillel AD, Miller RM, Yorkston K, McDonald E, Norris FH, Konikow N. Amyotrophic 

lateral sclerosis severity scale. Neuroepidemiology. 1989;8(3):142-50. 

[92] The Amyotrophic Lateral Sclerosis Functional Rating Scale. Assessment of activities of 

daily living in patients with amyotrophic lateral sclerosis. The ALS CNTF treatment 

study (ACTS) phase I-II Study Group. Arch. Neurol. 1996 Feb;53(2):141-7. 

[93] Bromberg MB. Quality of life in amyotrophic lateral sclerosis. Phys. Med. Rehabil. 

Clin. N. Am. 2008 Aug;19(3):591-605, x-xi. 

[94] Hickey AM, Bury G, O'Boyle CA, Bradley F, O'Kelly FD, Shannon W. A new short 

form individual quality of life measure (SEIQoL-DW): application in a cohort of 

individuals with HIV/AIDS. BMJ. 1996 Jul 6;313(7048):29-33. 

[95] Mountain LA, Campbell SE, Seymour DG, Primrose WR, Whyte MI. Assessment of 

individual quality of life using the SEIQoL-DW in older medical patients. QJM. 2004 

Aug;97(8):519-24. 

[96] Felgoise SH, Stewart JL, Bremer BA, Walsh SM, Bromberg MB, Simmons Z. The 

SEIQoL-DW for assessing quality of life in ALS: Strengths and limitations. Amyotroph 

Lateral Scler. 2008 Oct 7:1-7. 

[97] Jenkinson C, Fitzpatrick R, Brennan C, Bromberg M, Swash M. Development and 

validation of a short measure of health status for individuals with amyotrophic lateral 

sclerosis/motor neurone disease: the ALSAQ-40. J. Neurol. 1999 Nov;246 Suppl 

3:III16-21. 

[98] Simmons Z, Felgoise SH, Bremer BA, Walsh SM, Hufford DJ, Bromberg MB, et al. 

The ALSSQOL: balancing physical and nonphysical factors in assessing quality of life 

in ALS. Neurology. 2006 Nov 14;67(9):1659-64. 

[99] Shefner JM. Designing clinical trials in amyotrophic lateral sclerosis. Phys. Med. 

Rehabil. Clin. N Am. 2008 Aug;19(3):495-508, ix. 

[100] Langmore SE, Kasarskis EJ, Manca ML, Olney RK. Enteral tube feeding for 

amyotrophic lateral sclerosis/motor neuron disease. Cochrane Database Syst. Rev. 

2006(4):CD004030. 

[101] Kennel P, Revah F, Bohme GA, Bejuit R, Gallix P, Stutzmann JM, et al. Riluzole 

prolongs survival and delays muscle strength deterioration in mice with progressive 

motor neuronopathy (pmn). J. Neurol. Sci. 2000 Nov 1;180(1-2):55-61. 

[102] Riviere M, Meininger V, Zeisser P, Munsat T. An analysis of extended survival in 

patients with amyotrophic lateral sclerosis treated with riluzole. Arch. Neurol. 1998 

Apr;55(4):526-8. 

[103] Miller RG, Jackson CE, Kasarskis EJ, England JD, Forshew D, Johnston W, et al. 

Practice parameter update: The care of the patient with amyotrophic lateral sclerosis: 

multidisciplinary care, symptom management, and cognitive/behavioral impairment (an 

evidence-based review): report of the Quality Standards Subcommittee of the American 

Academy of Neurology. Neurology. 2009 Oct 13;73(15):1227-33. 

[104] Andersen PM, Borasio GD, Dengler R, Hardiman O, Kollewe K, Leigh PN, et al. Good 

practice in the management of amyotrophic lateral sclerosis: clinical guidelines. An 



Louisa Ng and Fary Khan 44 

evidence-based review with good practice points. EALSC Working Group. Amyotroph 

Lateral Scler. 2007 Aug;8(4):195-213. 

[105] Miller RG, Jackson CE, Kasarskis EJ, England JD, Forshew D, Johnston W, et al. 

Practice parameter update: The care of the patient with amyotrophic lateral sclerosis: 

drug, nutritional, and respiratory therapies (an evidence-based review): report of the 

Quality Standards Subcommittee of the American Academy of Neurology. Neurology. 

2009 Oct 13;73(15):1218-26. 

[106] Mitsumoto H. [A strategy to develop effective ALS therapy]. Brain Nerve. 2007 

Apr;59(4):383-91. 

[107] Gordon PH, Moore DH, Miller RG, Florence JM, Verheijde JL, Doorish C, et al. 

Efficacy of minocycline in patients with amyotrophic lateral sclerosis: a phase III 

randomised trial. Lancet Neurol. 2007 Dec;6(12):1045-53. 

[108] Kaufmann P, Thompson JL, Levy G, Buchsbaum R, Shefner J, Krivickas LS, et al. 

Phase II trial of CoQ10 for ALS finds insufficient evidence to justify phase III. Ann. 

Neurol. 2009 Aug;66(2):235-44. 

[109] Aggarwal SP, Zinman L, Simpson E, McKinley J, Jackson KE, Pinto H, et al. Safety 

and efficacy of lithium in combination with riluzole for treatment of amyotrophic 

lateral sclerosis: a randomised, double-blind, placebo-controlled trial. Lancet Neurol. 

2010 May;9(5):481-8. 

[110] Shefner J, Cudkowicz M. ALS and Unproven Treatments: What Should Patients and 

Physicians Do? Neurology Today. 2008;8(18):5-7. 

[111] Hardiman O. Multidisciplinary care in motor neurone disease. In: Kiernan M, editor. 

The Motor Neurone Disease Handbook. Prymont: Australasian Medical Publishing 

Company Limited; 2007. p. 164. 

[112] Ng L, Khan F, Mathers S. Multidisciplinary care for adults with amyotrophic lateral 

sclerosis or motor neuron disease. Cochrane Database Syst. Rev. 2009(4):CD007425. 

[113] Wade DT. Measurement in Neurology Rehabilitation. Oxford: Oxford University Press; 

1992. 

[114] Organization WH. International Classification of Functioning, Disability and Health 

(ICF). Geneva: World Health Organization2001. 

[115] Geyh S, Cieza A, Schouten J, Dickson H, Frommelt P, Omar Z, et al. ICF Core Sets for 

stroke. J. Rehabil. Med. 2004 Jul(44 Suppl):135-41. 

[116] Khan F, Pallant JF. Use of the International Classification of Functioning, Disability 

and Health (ICF) to identify preliminary comprehensive and brief core sets for multiple 

sclerosis. Disabil. Rehabil. 2007c Feb 15;29(3):205-13. 

[117] Khan F, Pallant JF. Use of the International Classification of Functioning, Disability 

and Health (ICF) to identify preliminary comprehensive and brief core sets for Guillain 

Barre syndrome. Disabil. Rehabil. 2010a;in press (accepted September 2010). 

[118] Department of Health. The National Service Framework (NSF) for Long-term 

conditions. London, U.K.2005. 

[119] Kristjanson LJ, Aoun SM, Yates P. Are supportive services meeting the needs of 

Australians with neurodegenerative conditions and their families? J. Palliat Care. 2006 

Autumn;22(3):151-7. 

[120] Royal college of Physicians National Council for palliative Care BSoRM. Long Term 

Neurological Conditions: Management at the interface between neurology, 

rehabilitation and palliative care. London: RCP2008. 



Motor Neuron Disease: Causes, Classification and Treatments 45 

[121] Kemp BJ. What the rehabilitation professional and the consumer need to know. Phys. 

Med. Rehabil. Clin. N Am. 2005 Feb;16(1):1-18, vii. 

[122] McKenna C, MacLeod R. Access to palliative care for people with motor neurone 

disease in New Zealand. N Z Med. J. 2005 Sep 16;118(1222):U1667. 

[123] Traue DC, Ross JR. Palliative care in non-malignant diseases. J. R. Soc. Med. 2005 

Nov;98(11):503-6. 

[124] Turner-Stokes L, Sykes N, Silber E, Khatri A, Sutton L, Young E. From diagnosis to 

death: exploring the interface between neurology, rehabilitation and palliative care in 

managing people with long-term neurological conditions. Clin. Med. 2007 

Apr;7(2):129-36. 

[125] Oliver D. The quality of care and symptom control--the effects on the terminal phase of 

ALS/MND. J. Neurol. Sci. 1996 Aug;139 Suppl:134-6. 

[126] Borasio GD, Voltz R, Miller RG. Palliative care in amyotrophic lateral sclerosis. 

Neurol. Clin. 2001 Nov;19(4):829-47. 

[127] Melo J, Homma A, Iturriaga E, Frierson L, Amato A, Anzueto A, et al. Pulmonary 

evaluation and prevalence of non-invasive ventilation in patients with amyotrophic 

lateral sclerosis: a multicenter survey and proposal of a pulmonary protocol. J. Neurol. 

Sci. 1999 Oct 31;169(1-2):114-7. 

[128] Czaplinski A, Yen AA, Appel SH. Forced vital capacity (FVC) as an indicator of 

survival and disease progression in an ALS clinic population. J. Neurol. Neurosurg 

Psychiatry. 2006 Mar;77(3):390-2. 

[129] Fitting JW, Paillex R, Hirt L, Aebischer P, Schluep M. Sniff nasal pressure: a sensitive 

respiratory test to assess progression of amyotrophic lateral sclerosis. Ann. Neurol. 

1999 Dec;46(6):887-93. 

[130] Stefanutti D, Benoist MR, Scheinmann P, Chaussain M, Fitting JW. Usefulness of sniff 

nasal pressure in patients with neuromuscular or skeletal disorders. Am. J. Respir. Crit. 

Care Med. 2000 Oct;162(4 Pt 1):1507-11. 

[131] Lyall RA, Donaldson N, Polkey MI, Leigh PN, Moxham J. Respiratory muscle strength 

and ventilatory failure in amyotrophic lateral sclerosis. Brain. 2001 Oct;124(Pt 

10):2000-13. 

[132] Morgan RK, McNally S, Alexander M, Conroy R, Hardiman O, Costello RW. Use of 

Sniff nasal-inspiratory force to predict survival in amyotrophic lateral sclerosis. Am. J. 

Respir. Crit. Care Med. 2005 Feb 1;171(3):269-74. 

[133] Shaw P. Motor neurone disease. In: Greenwood RJ, Barnes MP, McMillan TM, al. E, 

editors. Handbook of neurological rehabilitation. 2
nd

 ed. New York: Psychology Press; 

2003. p. 641-61. 

[134] Schiffman PL. Pulmonary function and respiratory management of the ALS patient. In: 

Belsh JM, Schiffman PL, editors. Amyotrophic Lateral Sclerosis: diagnosis and 

management for the clinician. Armonk (NY): Futura Publishing Company; 1996. p. 

333-55. 

[135] Radunovic A, Annane D, Jewitt K, Mustfa N. Mechanical ventilation for amyotrophic 

lateral sclerosis/motor neuron disease. Cochrane Database Syst. Rev. 

2009(4):CD004427. 

[136] Kaub-Wittemer D, Steinbuchel N, Wasner M, Laier-Groeneveld G, Borasio GD. 

Quality of life and psychosocial issues in ventilated patients with amyotrophic lateral 

sclerosis and their caregivers. J. Pain Symptom Manage. 2003 Oct;26(4):890-6. 



Louisa Ng and Fary Khan 46 

[137] Vianello A, Arcaro G, Palmieri A, Ermani M, Braccioni F, Gallan F, et al. Survival and 

quality of life after tracheostomy for acute respiratory failure in patients with 

amyotrophic lateral sclerosis. J. Crit. Care. 2010 Jul 22. 

[138] Yorkston KM, Strand E, Miller R, Hillel A, Smith K. Speech deterioration in 

amyotrophic lateral sclerosis: implications for the timing of intervention. J. Med. 

Speech-Language pathol. 1993;1:35-46. 

[139] Hillel AD, Miller R. Bulbar amyotrophic lateral sclerosis: patterns of progression and 

clinical management. Head Neck. 1989 Jan-Feb;11(1):51-9. 

[140] Esposito SJ, Mitsumoto H, Shanks M. Use of palatal lift and palatal augmentation 

prostheses to improve dysarthria in patients with amyotrophic lateral sclerosis: a case 

series. J.Prosthet Dent. 2000 Jan;83(1):90-8. 

[141] Mayadev AS, Weiss MD, Distad BJ, Krivickas LS, Carter GT. The amyotrophic lateral 

sclerosis center: a model of multidisciplinary management. Phys. Med. Rehabil. Clin. 

N. Am. 2008 Aug;19(3):619-31, xi. 

[142] Fried-Oken M, Fox L, Rau MT, Tullman J, Baker G, Hindal M, et al. Purposes of AAC 

device use for persons with ALS as reported by caregivers. Augment Altern Commun. 

2006 Sep;22(3):209-21. 

[143] Kubler A, Nijboer F, Mellinger J, Vaughan TM, Pawelzik H, Schalk G, et al. Patients 

with ALS can use sensorimotor rhythms to operate a brain-computer interface. 

Neurology. 2005 May 24;64(10):1775-7. 

[144] Higo R, Tayama N, Nito T. Longitudinal analysis of progression of dysphagia in 

amyotrophic lateral sclerosis. Auris Nasus Larynx. 2004 Sep;31(3):247-54. 

[145] Borasio GD. Palliative care in ALS: searching for the evidence base. Amyotroph. 

Lateral Scler Other Motor Neuron Disord. 2001 Mar;2 Suppl 1:S31-5. 

[146] Sorenson EJ, Crum B, Stevens JC. Incidence of aspiration pneumonia in ALS in 

Olmsted County, MN. Amyotroph. Lateral Scler. 2007 Apr;8(2):87-9. 

[147] Mayberry JF, Atkinson M. Swallowing problems in patients with motor neuron disease. 

J. Clin. Gastroenterol. 1986 Jun;8(3 Pt 1):233-4. 

[148] Slowie LA, Paige MS, Antel JP. Nutritional considerations in the management of 

patients with amyotrophic lateral sclerosis (ALS). J. Am. Diet Assoc. 1983 Jul;83(1):44-

7. 

[149] Rio A, Cawadias E. Nutritional advice and treatment by dietitians to patients with 

amyotrophic lateral sclerosis/motor neurone disease: a survey of current practice in 

England, Wales, Northern Ireland and Canada. J. Hum. Nutr. Diet. 2007 Feb;20(1):3-

13. 

[150] Kasarskis EJ, Neville HE. Management of ALS: nutritional care. Neurology. 1996 

Oct;47(4 Suppl 2):S118-20. 

[151] Loser C, Aschl G, Hebuterne X, Mathus-Vliegen EM, Muscaritoli M, Niv Y, et al. 

ESPEN guidelines on artificial enteral nutrition--percutaneous endoscopic gastrostomy 

(PEG). Clin. Nutr. 2005 Oct;24(5):848-61. 

[152] Kasarskis EJ, Scarlata D, Hill R, Fuller C, Stambler N, Cedarbaum JM. A retrospective 

study of percutaneous endoscopic gastrostomy in ALS patients during the BDNF and 

CNTF trials. J. Neurol. Sci. 1999 Oct 31;169(1-2):118-25. 

[153] Mazzini L, Corra T, Zaccala M, Mora G, Del Piano M, Galante M. Percutaneous 

endoscopic gastrostomy and enteral nutrition in amyotrophic lateral sclerosis. J. Neurol. 

1995 Oct;242(10):695-8. 



Motor Neuron Disease: Causes, Classification and Treatments 47 

[154] Mathus-Vliegen LM, Louwerse LS, Merkus MP, Tytgat GN, Vianney de Jong JM. 

Percutaneous endoscopic gastrostomy in patients with amyotrophic lateral sclerosis and 

impaired pulmonary function. Gastrointest Endosc. 1994 Jul-Aug;40(4):463-9. 

[155] Schiffman PL, Belsh JM. Overall management of the ALS patient. In: Belsh JM, 

Schiffman PL, editors. Amyotrophic lateral sclerosis: diagnosis and management for 

the clinician. Armonk (NY): Futura Publishing Company; 1996. p. 271-301. 

[156] Forshew DA, Bromberg MB. A survey of clinicians' practice in the symptomatic 

treatment of ALS. Amyotroph. Lateral Scler Other Motor Neuron Disord. 2003 

Dec;4(4):258-63. 

[157] Verma A, Steele J. Botulinum toxin improves sialorrhea and quality of living in bulbar 

amyotrophic lateral sclerosis. Muscle Nerve. 2006 Aug;34(2):235-7. 

[158] Contarino MF, Pompili M, Tittoto P, Vanacore N, Sabatelli M, Cedrone A, et al. 

Botulinum toxin B ultrasound-guided injections for sialorrhea in amyotrophic lateral 

sclerosis and Parkinson's disease. Parkinsonism Relat Disord. 2007 Jul;13(5):299-303. 

[159] Johnson EW, Braddom R. Over-work weakness in facioscapulohuumeral muscular 

dystrophy. Arch. Phys. Med. Rehabil. 1971 Jul;52(7):333-6. 

[160] Dalbello-Haas V, Florence JM, Krivickas LS. Therapeutic exercise for people with 

amyotrophic lateral sclerosis or motor neuron disease. Cochrane Database Syst. Rev. 

2008(2):CD005229. 

[161] Chen A, Montes J, Mitsumoto H. The role of exercise in amyotrophic lateral sclerosis. 

Phys. Med. Rehabil. Clin. N Am. 2008 Aug;19(3):545-57, ix-x. 

[162] Khanna P, Nations SP, Trivedi JR. Motor Neuron Diseases. In: Braddom R, editor. 

Physical Medicine and Rehabilitation. 3
rd 

ed. Philadelphia: Saunders Elsevier; 2007. 

[163] Ng L, Khan F. Use of the International Classification of Functioning, Disability and 

Health to describe patient-reported disability: A comparison of Motor Neurone Disease, 

Guillain-Barré Syndrome and Multiple Sclerosis in an Australian cohort. Journal of 

Rehabilitation Medicine. 2011; under review. 

[164] Hattori T, Hirayama K, Yasuda K, Shimazaki J. [Disturbance of micturition in 

amyotrophic lateral sclerosis]. Rinsho Shinkeigaku. 1983 Mar;23(3):224-7. 

[165] Wasner M, Bold U, Vollmer TC, Borasio GD. Sexuality in patients with amyotrophic 

lateral sclerosis and their partners. J. Neurol. 2004 Apr;251(4):445-8. 

[166] Ashworth NL, Satkunam LE, Deforge D. Treatment for spasticity in amyotrophic 

lateral sclerosis/motor neuron disease. Cochrane Database Syst. Rev. 

2006(1):CD004156. 

[167] Krivickas LS, Carter GT. Motor neuron disease. In: J.A. D, Gans BM, Walsh NE, 

editors. Physical medicine and rehabilitation: principles and practice. 4
th

 ed. 

Philadelphia: Lippincott Williams and Wilkins; 2005. 

[168] Marquardt G, Seifert V. Use of intrathecal baclofen for treatment of spasticity in 

amyotrophic lateral sclerosis. J. Neurol. Neurosurg. Psychiatry. 2002;72:275-6. 

[169] Mezaki T, Kaji R, Kohara N, Kimura J. Development of general weakness in a patient 

with amyotrophic lateral sclerosis after focal botulinum toxin injection. Neurology. 

1996 Mar;46(3):845-6. 

[170] Norris FH, Jr., Gasteiger EL, Chatfield PO. An electromyographic study of induced and 

spontaneous muscle cramps. Electroencephalogr Clin. Neurophysiol. 1957 

Feb;9(1):139-47. 



Louisa Ng and Fary Khan 48 

[171] Borasio GD, Shaw PJ, Hardiman O, Ludolph AC, Sales Luis ML, Silani V. Standards 

of palliative care for patients with amyotrophic lateral sclerosis: results of a European 

survey. Amyotroph. Lateral Scler Other Motor Neuron Disord. 2001 Sep;2(3):159-64. 

[172] U.S. Food and Drug Administration. FDA advances effort against marketed unapproved 

drugs. FDA orders unapproved quinine drugs from the market and cautions consumers 

about "off-label" use of quinine to treat leg cramps. 2006 [cited 2011 January]; 

Available from: http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements 

/2006/ucm108799.htm. 

[173] Ramirez C, Piemonte ME, Callegaro D, Da Silva HC. Fatigue in amyotrophic lateral 

sclerosis: frequency and associated factors. Amyotroph. Lateral Scler. 2008 

Apr;9(2):75-80. 

[174] Lou JS. Fatigue in amyotrophic lateral sclerosis. Phys. Med. Rehabil Clin. N Am. 2008 

Aug;19(3):533-43, ix. 

[175] Kent-Braun JA, Miller RG. Central fatigue during isometric exercise in amyotrophic 

lateral sclerosis. Muscle Nerve. 2000 Jun;23(6):909-14. 

[176] Norris FH, Tan Y, Fallat RJ, Elias L. Trial of oral physostigmine in amyotrophic lateral 

sclerosis. Clin. Pharmacol Ther. 1993 Dec;54(6):680-2. 

[177] Carter GT, Weiss MD, Lou JS, Jensen MP, Abresch RT, Martin TK, et al. Modafinil to 

treat fatigue in amyotrophic lateral sclerosis: an open label pilot study. Am. J. Hosp. 

Palliat Care. 2005 Jan-Feb;22(1):55-9. 

[178] Kinnear W, Scriven N, Orpe V, Jefferson D. Prevalence of symptoms of sleep 

disturbance in patients with motor neurone disease [abstract]. 8
th

 International 

Symposium on ALS/MND; Glasgow1997 Nov 3-5. 

[179] Sufit R. Symptomatic treatment of ALS Neurology. 1997;48:15S-22S. 

[180] Lomen-Hoerth C, Murphy J, Langmore S, Kramer JH, Olney RK, Miller B. Are 

amyotrophic lateral sclerosis patients cognitively normal? Neurology. 2003 Apr 

8;60(7):1094-7. 

[181] Massman PJ, Sims J, Cooke N, Haverkamp LJ, Appel V, Appel SH. Prevalence and 

correlates of neuropsychological deficits in amyotrophic lateral sclerosis. J. Neurol. 

Neurosurg. Psychiatry. 1996 Nov;61(5):450-5. 

[182] Abrahams S, Leigh PN, Goldstein LH. Cognitive change in ALS: a prospective study. 

Neurology. 2005 Apr 12;64(7):1222-6. 

[183] Ringholz GM, Appel SH, Bradshaw M, Cooke NA, Mosnik DM, Schulz PE. 

Prevalence and patterns of cognitive impairment in sporadic ALS. Neurology. 2005 

Aug 23;65(4):586-90. 

[184] Woolley SC, Jonathan SK. Cognitive and behavioral impairment in amyotrophic lateral 

sclerosis. Phys. Med. Rehabil Clin. N Am. 2008 Aug;19(3):607-17, xi. 

[185] Grossman AB, Woolley-Levine S, Bradley WG, Miller RG. Detecting neurobehavioral 

changes in amyotrophic lateral sclerosis. Amyotroph. Lateral Scler. 2007 Feb;8(1):56-

61. 

[186] Neary D, Snowden JS, Gustafson L, Passant U, Stuss D, Black S, et al. Frontotemporal 

lobar degeneration: a consensus on clinical diagnostic criteria. Neurology. 1998 

Dec;51(6):1546-54. 

[187] Rosen HJ, Cummings J. A real reason for patients with pseudobulbar affect to smile. 

Ann. Neurol. 2007 Feb;61(2):92-6. 



Motor Neuron Disease: Causes, Classification and Treatments 49 

[188] Palmieri A, Abrahams S, Soraru G, Mattiuzzi L, D'Ascenzo C, Pegoraro E, et al. 

Emotional Lability in MND: Relationship to cognition and psychopathology and impact 

on caregivers. J. Neurol. Sci. 2009 Mar 15;278(1-2):16-20. 

[189] Moore SR, Gresham LS, Bromberg MB, Kasarkis EJ, Smith RA. A self report measure 

of affective lability. J. Neurol. Neurosurg Psychiatry. 1997 Jul;63(1):89-93. 

[190] Meininger V. Treatment of emotional lability in ALS. Lancet Neurol. 2005 Feb;4(2):70. 

[191] Brooks BR, Thisted RA, Appel SH, Bradley WG, Olney RK, Berg JE, et al. Treatment 

of pseudobulbar affect in ALS with dextromethorphan/quinidine: a randomized trial. 

Neurology. 2004 Oct 26;63(8):1364-70. 

[192] Kurt A, Nijboer F, Matuz T, Kubler A. Depression and anxiety in individuals with 

amyotrophic lateral sclerosis: epidemiology and management. CNS Drugs. 

2007;21(4):279-91. 

[193] Rabkin JG, Albert SM, Del Bene ML, O'Sullivan I, Tider T, Rowland LP, et al. 

Prevalence of depressive disorders and change over time in late-stage ALS. Neurology. 

2005 Jul 12;65(1):62-7. 

[194] Goldstein LH, Atkins L, Landau S, Brown RG, Leigh PN. Longitudinal predictors of 

psychological distress and self-esteem in people with ALS. Neurology. 2006 Nov 

14;67(9):1652-8. 

[195] Simmons Z, Bremer BA, Robbins RA, Walsh SM, Fischer S. Quality of life in ALS 

depends on factors other than strength and physical function. Neurology. 2000 Aug 

8;55(3):388-92. 

[196] Rabkin JG, Albert SM, Rowland LP, Mitsumoto H. How common is depression among 

ALS caregivers? A longitudinal study. Amyotroph. Lateral Scler. 2009 Oct-Dec;10(5-

6):448-55. 

[197] Goldstein LH, Atkins L, Landau S, Brown R, Leigh PN. Predictors of psychological 

distress in carers of people with amyotrophic lateral sclerosis: a longitudinal study. 

Psychol. Med. 2006 Jun;36(6):865-75. 

[198] Ray RA, Street AF. Caregiver bodywork: family members' experiences of caring for a 

person with motor neurone disease. J. Adv. Nurs. 2006 Oct;56(1):35-43. 

[199] Matuz T, Birbaumer N, Hautzinger M, Kubler A. Coping with amyotrophic lateral 

sclerosis: an integrative view. J. Neurol. Neurosurg Psychiatry. 2010 Aug;81(8):893-8. 

[200] De Groot IJ, Post MW, van Heuveln T, Van den Berg LH, Lindeman E. Cross-sectional 

and longitudinal correlations between disease progression and different health-related 

quality of life domains in persons with amyotrophic lateral sclerosis. Amyotroph. 

Lateral Scler. 2007 Dec;8(6):356-61. 

[201] Mitsumoto H, Bromberg M, Johnston W, Tandan R, Byock I, Lyon M, et al. Promoting 

excellence in end-of-life care in ALS. Amyotroph. Lateral Scler Other Motor Neuron 

Disord. 2005 Sep;6(3):145-54. 

[202] McCluskey L. Amyotrophic Lateral Sclerosis: ethical issues from diagnosis to end of 

life. NeuroRehabilitation. 2007;22(6):463-72. 

[203] Oliver D. Palliative care. In: Kiernan M, editor. The motor neurone disease handbook. 

Prymont: Australasian Medical Publishing Company Limited; 2007. p. 186-95. 

 

 



Louisa Ng and Fary Khan 50 

[204] Albert SM, Wasner M, Tider T, Drory VE, Borasio GD. Cross-cultural variation in 

mental health at end of life in patients with ALS. Neurology. 2007 Mar 27;68(13):1058-

61. 

[205] Skyes NP. End of life care. In: Oliver D, Borasio GD, Walsh D, editors. Palliative care 

in amyotrophic lateral sclerosis - from diagnosis to bereavement. Oxford: Oxford 

University Press; 2006. 


