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Preface

There is a view that the traditional medical textbook is dead—
replaced by immediate accessibility to the latest literature and
the availability of cheap electronic mobile devices to enable the
reading or presentation of data in, literally, any environment. It is
undoubtedly wonderful to be able to view the latest paper or sys-
tematic review on the management of, say, Churg-Strauss vascu-
litic neuropathy in a matter of milliseconds, but only if that is the
correct diagnosis. The ready accessibility of the primary literature
is a boon to the specialist, but it is a potential minefield for the tyro.

We firmly believe that there is still a role for the textbook, but its
aspirations need to be clearly defined and understood. This volume
on neuromuscular disorders is not primarily intended for neuro-
muscular specialists. However, given the ultra-specialization that
sometimes exists, we hope they may still find it helpful to have a

comprehensive summary from an expert in a parallel field. Although
individual chapters cover specific disorders in detail, there is an
overarching aim, reflected particularly in the first three chapters, to
help the novice navigate the pathway from first seeing the patient, to
establishing the correct diagnosis, and optimal management.

We have been honoured to be able to assemble many of the opin-
ion leaders from the various specialist fields of neuromuscular dis-
orders. Throughout the volume the reader will benefit from their
pearls of wisdom (as we did), many of which are never aired in
formal scientific papers.

We hope that you will enjoy reading this book as much as we have
enjoyed working with our friends and colleagues internationally to
bring it to you. We warmly extend our thanks to the contributors,
and to Oxford University Press for making the venture possible.
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CHAPTER 1

Eliciting the history

David Hilton-Jones and Martin R. Turner

Introduction

With the introduction of non-invasive neuroimaging, many
non-specialists assumed there would be a move away from detailed
history-taking and the methodical (some might say obsessive) clini-
cal examination considered characteristic of the neurologist. All that
would be needed was the ability to complete an imaging request
form and the solution would soon be forthcoming. It rapidly became
apparent that the new technology created almost as many problems as
it solved, revealing incidental ‘abnormalities’ of uncertain significance
begetting potentially hazardous further assessment, sometimes incor-
rect diagnoses, and filling neurology clinics with the ‘worried well.

Many neuromuscular disorders, and the majority that require
long-term follow-up, have a genetic basis. Diagnosis, previously
based solely on a detailed clinical assessment of phenotype, has more
recently led to the ability to identify causative genes through link-
age studies and whole-genome or exome sequencing in cohorts of
patients with specific features. Clinical appraisal thus leads to a ‘gene
shortlist, and targeted DNA testing can be undertaken. Molecular
biologists promise a holy grail of a DNA ‘chip’ which will detect all
of the known ‘neuromuscular genes’ and allow a genetic diagnosis
within hours of phlebotomy, with the expectation (once again) of
obviating the need for rigorous clinical assessment. However, the
issue of interpretation of sequence variants of unknown signifi-
cance, the fact that only a small number of genes are being assessed,
and the possibility of mutations in two or more genes related to neu-
romuscular disease having additive effects (‘double trouble’) suggest
that accurate clinical appraisal remains paramount. The practise of
medicine relies on Bayesian logic, in which the clinical assessment
leads to an appropriate differential diagnosis that may (or may not)
be refined by appropriate investigation.

The first three chapters of this book are intended to hone the skills
of clinicians who do not have regular exposure to neuromuscular
disorders. This chapter deals with taking the history, with an empha-
sis on eliciting and interpreting the relevant symptoms. Chapter 2
is devoted entirely to genetic considerations, the importance of the
family history, and potential pitfalls for the unwary. Chapter 3 deals
with the physical examination. Despite the important distinction
between symptoms and signs in medicine there is of course an over-
lap—the history may suggest a particular pattern of weakness, and
examination may confirm, refute, or extend that observation.

The presenting complaint and
related features

There are relatively few ways in which the peripheral nervous sys-
tem can react to disease, and the presenting symptom is likely to

relate to one of the following: weakness, fatigue, sensory distur-
bance, autonomic dysfunction, pain, stiffness and muscle hyperac-
tivity, muscle wasting or enlargement, or myoglobinuria.

Detailed questioning of the patient is intended to elicit the
often subtle variations on a theme that will aid precise diagnosis.
Sometimes, the history alone will strongly suggest a specific diag-
nosis. More often, the history will lead to a relatively short differen-
tial diagnosis which examination will help to shorten further. Then,
specifically directed investigation will confirm the diagnosis.

Weakness

Weakness is the most common presenting symptom for neuromus-
cular disorders. In peripheral neuropathies it is frequently accom-
panied by some form of sensory disturbance, whereas in motor
neuronopathies, neuromuscular junction disorders, and myopa-
thies, ‘true’ sensory disturbance (see section Sensory disturbance)
is notably absent. With respect to weakness the history should
determine: age of onset/duration, rate of progression, constancy or
variability, and distribution.

Patients do not always use the word ‘weakness’ to describe what
a neurologist understands the word to mean. Common synonyms
include ‘heaviness’ (e.g. ‘heavy head’ for neck weakness), ‘dead-
ness, ‘aching) and even ‘numbness’ in the absence of any sensory
change. Conversely, they may use the word ‘weakness’ to describe
restriction of movement due to pain or mechanical dysfunction,
and occasionally for sensory dysfunction that is otherwise difficult
to describe.

Age of onset is highly important in that it may immediately limit
the differential diagnosis. The symptoms of Duchenne muscular
dystrophy never appear for the first time after the age of 5 years,
whereas oculopharyngeal dystrophy and inclusion body myositis
(IBM) do not present before middle age. On the other hand, many
neuromuscular diseases can present at any age.

The rate of progression must be determined, and whether the
weakness is constant or variable. Marked variability, with evidence
of fatigability, is characteristic of myasthenic neuromuscular trans-
mission disorders, and episodic weakness of periodic paralysis.
However, many patients with amyotrophic lateral sclerosis (ALS)
report diurnal variation to their weakness, so this should not be
interpreted in isolation.

The specific distribution of the weakness is of the utmost impor-
tance with respect to diagnosing both neurogenic and myopathic
disorders. Although physical examination may be more dis-
criminating than the history, the latter still provides important
clues. Asymmetry is a feature of focal peripheral neuropathies,
ALS, multifocal motor neuropathy with conduction block, and



SECTION 1 APPROACH TO THE PATIENT

mononeuropathy multiplex (although the latter may mimic a sym-
metrical polyneuropathy). Acquired polyneuropathy and inherited
neuropathies are usually associated with symmetrical weakness, an
exception being hereditary neuropathy with a liability to pressure
palsies. Symmetry is the norm in most myopathies, but frequent
exceptions include facioscapulohumeral dystrophy and IBM.

A major simplification is that myopathic disorders tend to pre-
sent with proximal weakness whereas neurogenic disorders present
with distal weakness. Indeed, most acquired myopathies (e.g. der-
matomyositis, polymyositis, endocrine myopathies) are character-
ized by weakness of the muscles of the pelvis and shoulder girdle,
and most neuropathies (e.g. diabetic and nutritional neuropathies,
hereditary motor and sensory neuropathies) by distal (lower limb)
weakness. Notable exceptions, however, include:

+ distal weakness (of the hands) in two of the more common myo-
pathies (myotonic dystrophy and IBM) and the much rarer distal
myopathies (e.g. desminopathy and myotilinopathy);

¢ proximal weakness in acquired demyelinating neuropathies
(e.g. chronic inflammatory demyelinating polyradiculoneuropa-
thy) and the common (SMN-related) forms of spinal muscular
atrophy.

Muscular dystrophies are often characterized by highly selective
muscle involvement, which in itself may be diagnostic. In faci-
oscapulohumeral dystrophy there is weakness of the scapular fixa-
tor muscles, and possibly biceps and triceps, whereas the deltoid
is normal. In acquired myopathies, such as polymyositis, there is
weakness of all of the shoulder girdle muscles. Focal peripheral
neuropathies are associated with highly selective muscle involve-
ment and, often, well-defined patterns of sensory loss.

Extraocular muscle weakness typically presents with diplopia,
but in some chronic disorders it is absent, even in the presence of
marked restriction of eye movements. Symptomatically the latter
may be evidenced by patients having to turn their head to change
their direction of gaze. Ptosis is usually commented upon because
of the cosmetic appearance, and less commonly because it obscures
vision. Variable diplopia and ptosis are highly suggestive of myas-
thenia. Across the range of neuromuscular disorders, involvement
of the extraocular muscles is relatively uncommon and therefore
highly discriminatory when present (Table 1.1).

Weakness of neck flexion presents as difficulty in lifting the
head off a pillow. It is common in the inflammatory myopathies
and myotonic dystrophy. Weakness of the neck extensors causes
the head to fall forwards (‘dropped head syndrome’) and is seen in
myasthenia (typically in older men rather than younger patients of
either sex), ALS, and sometimes idiopathically in isolation (isolated
neck extensor myopathy, INEM). It should never be attributed to
cervical spine spondylosis, although this is frequently coincident.
Patients with neck weakness complain of problems when they
travel as passengers in a vehicle because their head lolls in response
to movement. Those with myasthenia may say that they have to
support their head by placing a hand on their chin.

Weakness of the shoulder girdle causes difficulty with activi-
ties performed above shoulder height, such as grooming and hair
washing, reaching up to a shelf, and putting on a shirt or pullover.
Peri-scapular weakness causes scapular winging, which is often
first noticed by others. It is characteristic of facioscapulohumeral
muscular dystrophy but is also seen in other dystrophies. Unilateral
scapular winging may be seen in facioscapulohumeral dystrophy,

Table 1.1 Neuromuscular disorders associated with extraocular
muscle (EOM) involvement

Neuromuscular junction disorders
Myasthenia gravis (EOM involvement common)
Congenital myasthenic syndromes:
+ Acetylcholine receptor subunit mutations (EOM involvement common)

+ DOK7 mutations (typically limb-girdle weakness without EOM
involverment)

+ Rapsyn mutations (non-paralytic strabismus)
Lambert—Eaton syndrome (EOM rare)

Botulism (EOM involvement common + pupillary involvement)

Mitochondrial cytopathy
Chronic progressive external ophthalmoplegia (CPEO)

Oculopharyngeal muscular dystrophy
Mainly ptosis

Congenital myopathies
For example ryanodine [RYRT] and dynamin2 [DNM2] mutations

Thyroid ophthalmopathy

CANOMAD syndrome

CANOMAD, chronic ataxic neuropathy, ophthalmoplegia, M-protein, agglutination
disialosyl antibodies.

neuralgic amyotrophy, and with isolated long thoracic nerve palsy
(where there may be a history of trauma, e.g. seat-belt injury, or
secondary to prolonged compression under anaesthetic during
surgery).

Weakness around the pelvic girdle is probably the most common
presentation of myopathy. The typical initial complaint is difficulty
in either running or climbing stairs. As the weakness progresses
there is difficulty in getting up from a squatting position, then from
a low chair, and finally problems with walking, initially going up a
slope and then on the flat. Preferential weakness of quadriceps (as
opposed to weakness of the pelvic muscles), as is seen in IBM or
with femoral neuropathy, characteristically presents with falls due
to an inability to lock the knee in extension. In IBM and ALS, both
of which typically develop in late middle age, the problem is often
initially attributed to degenerative disease of the hip or knee, with a
consequent delay in diagnosis.

Distal weakness in the upper limbs takes three main forms.
Weakness of grip, in the absence of significant weakness of the
small hand muscles, is highly characteristic of myotonic dystrophy
and IBM. Weakness of the small hand muscles, with little or no
weakness of the long finger flexors and extensors, impairs dexter-
ity and is seen in focal and generalized peripheral neuropathies.
Weakness of finger extension (‘finger drop’) can be seen in myas-
thenia gravis, slow-channel myasthenic syndrome, Laing distal
myopathy (MYH?7 mutation), GNE mutations (hereditary inclusion
body myopathy, quadriceps-sparing myopathy), multifocal motor
neuropathy with conduction block, and radial nerve palsy (with
wrist drop).

The most common presenting symptom of distal lower limb
weakness is foot drop, due to weakness of tibialis anterior, with
patients complaining of tripping and catching their toes on the
ground (this may be visible to the keen-eyed clinician as a scuff



mark on one shoe). Severe acquired or inherited peripheral neu-
ropathies may eventually lead to the loss of all movements around
the ankle. Much less common is presentation with weakness of gas-
trocnemius, causing difficulty in pushing off when walking; this is
characteristic of Miyoshi myopathy.

The presenting symptoms of ventilatory muscle weakness will
depend in part on the patient’s general mobility. Rare presentations
in otherwise active individuals can include the inability to descend
into water above the level of the diaphragm without feeling acutely
breathless. In many myopathies ventilatory muscle weakness is a
late feature of the disease and does not present until long after the
patient has become completely wheelchair dependent. As a result
of their relatively minimal exertions, breathlessness is therefore not
a common complaint. Rather, the presentation relates to noctur-
nal hypoventilation with sleep fragmentation. Patients frequently
erroneously attribute sleep fragmentation as due to ‘waking to uri-
nate, while in reality this is just a natural consequence of waking for
whatever primary reason. Other symptoms of nocturnal hypoven-
tilation include waking feeling groggy, which may be accompa-
nied by headache, and excessive daytime sleepiness. In Duchenne
muscular dystrophy common additional complaints include fear of
going to sleep and anorexia (eating further inhibits ventilation). In
a few conditions (e.g. acid maltase deficiency, limb-girdle muscu-
lar dystrophy Type 2I, rigid spine syndromes) ventilatory muscle
weakness is an early feature of a generalized neuromuscular disor-
der. Patients are more likely to note breathlessness and orthopnoea.
In any patient with moderately impaired ventilatory function there
may be a history of delayed recovery from anaesthesia or ventila-
tory failure precipitated by chest infection. Ventilatory failure, usu-
ally in association with marked generalized weakness, is a feature
of myasthenia gravis and acute inflammatory demyelinating poly-
radiculoneuropathy (Guillain-Barré syndrome).

Progressive dysphagia due to neuromuscular disease is fre-
quently erroneously referred by primary-care physicians to stroke
or otolaryngology clinics. It is not an uncommon presentation
of myasthenia, but in the absence of ptosis and with dysarthria
preceding the dysphagia it is much more likely to be ALS. This
is important as the electromyogram (EMG) may appear normal,
even in the tongue, and a small number of people with ALS may
have incidental acetylcholine receptor antibodies. The presence
of pseudobulbar affect (which the patient recognizes as an exag-
gerated, often explosive, emotional response to minor stimuli) in
this context is probably pathognomonic. Other neuromuscular
diagnostic considerations for dysphagia include IBM and oculo-
pharyngeal dystrophy.

Fatigue

Few words in the neuromuscular field cause more confusion and
miscommunication between patients and doctors than ‘fatigue’
Arguably, doctors would like to restrict the word to true physi-
ological fatigue but patients used it in a far broader, less specific,
sense. True fatigue, with reduced strength on attempted sustained
effort, both as a symptom and a sign, is almost pathognomonic of
myasthenic disorders. In its more general sense, the perception of
tiring during attempted activity, or increased effort to achieve a
particular end, it is highly non-specific and seen in virtually any
disorder causing weakness, whether peripheral neuromuscular
or more central (e.g. multiple sclerosis). A sense of fatigue, often
profound, without demonstrable weakness or neurophysiological
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abnormality, is a major feature of chronic fatigue syndrome and
related conditions.

Sensory disturbance

As noted in the section Weakness, patients may complain of sen-
sory disturbance when in fact they have predominantly motor
dysfunction. A common example is the patient with idiopathic
facial (Bell’s) palsy who complains of facial numbness—it is best
understood as a cortical misperception. True sensory disturbance
due to peripheral nerve disease may present as loss of sensation
(numbness), abnormally heightened sensation (hyperalgesia and
allodynia), or abnormal sensations (dysaesthesia). Focal periph-
eral nerve lesions, including mononeuropathy multiplex, cause
localized areas of sensory disturbance, commensurate with the
area of supply of the relevant nerve. Most inherited neuropathies
and acquired length-dependent neuropathies cause distal sensory
symptoms (‘glove and stocking’). As with weakness, age of onset
and the time course of progression provide vital diagnostic clues.

Autonomic dysfunction

Symptoms of autonomic dysfunction include postural hypoten-
sion, altered sweating, erectile dysfunction, sphincter dysfunction,
constipation, and diarrhoea. They may be the presenting symptom
of a primary autonomic neuropathy, or be additional features, elu-
cidated from the history, in acquired and inherited sensorimotor
polyneuropathies (diabetes most commonly) and in Lambert-
Eaton syndrome.

Pain
With respect to neuropathies, the perception of pain may overlap
with complaints about sensory disturbance. A number of gener-
alized neuropathies may be painful, notably diabetic neuropathy
and idiopathic small-fibre neuropathies. Focal neuropathies such
as carpal tunnel syndrome are often associated with pain (which
may be reported by the patient as extending proximally in the fore-
arm), and post-herpetic neuralgia is common. The common inher-
ited neuropathies are generally considered to be painless, but many
patients with Charcot-Marie-Tooth disease complain of pain,
although it is often difficult to determine its precise nature.
Although muscle pain is a very common symptom, it can only
infrequently be attributed directly to primary muscle disease. Two
critical discriminants are whether the pain is localized or gener-
alized, and whether it is constant or episodic. If episodic, then it
is important to establish if it is triggered by any specific circum-
stance, such as exercise. Generalized continuous muscle pain, with
an essentially normal clinical examination, normal serum creatine
kinase, negative inflammatory markers, and normal EMG, is a com-
mon clinical problem. Causes include chronic fatigue syndrome
and arbitrarily defined chronic pain syndromes such as fibromyal-
gia. Referred pain from orthopaedic and rheumatological disorders
is usually localized, and is common. Knee, hip, and back pain, in
varying combinations, are almost universal in any neuromuscular
disorder that causes lower body weakness and abnormality of gait.
The simple assumption is that the abnormal posture and gait place
abnormal stresses and strains on joints, ligaments, and associated
structures. Patients with facioscapulohumeral dystrophy seem par-
ticularly prone to fairly widespread pain, and certainly their lumbar
lordosis is frequently a major source of back pain.
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Table 1.2 Disorders associated with generalized muscle pain*

Table 1.4 Causes of exercise-induced pain

Acute myositis (e.g. dermatomyositis)

Intermittent claudication

Infections
« Viral (e.g. coxsackie)

+ Toxoplasmosis

Drug induced (see Table 1.5)
« Steroid withdrawal
+ Metabolic disorders

+ Hypothyroidism

Metabolic bone disease (osteomalacia)

CPT deficiency

Polymyalgia rheumatica

Parkinson’s disease

Kennedy syndrome

Porphyria

CPT, carnitine palmitoyltransferase.
*May be generalized, but mostly proximal limbs.

Tables 1.2-1.4 list specific disorders that can be associated
with generalized pain (Table 1.2), localized pain (Table 1.3), and
exercise-induced pain (Table 1.4). Drugs that may cause muscle
pain are shown in Table 1.5. Exercise-induced pain is a classical
feature of metabolic myopathies, with glycogenoses (e.g. McArdle’s
disease) typically presenting with pain early in exercise and disor-
ders of fatty acid metabolism (e.g. carnitine palmitoyltransferase
deficiency) with pain on sustained exertion. An important catch is
dystrophin-related disorders. Both Duchenne and Becker muscular
dystrophies may present with exercise-induced calf pain, mimick-
ing a glycogenosis, but later develop weakness. Some dystrophin
mutations, and other dystrophy-related genes (e.g. ANO5) may
cause exercise-induced pain without weakness, and this is some-
times referred to as a pseudo-metabolic presentation.

Table 1.3 Disorders associated with localized muscle pain

Neuralgic amyotrophy

Focal neuropathies

Infections
+ Bacterial (pyomyositis)

« Parasitic

Inflammation

+ Sarcoidosis

Muscular dystrophies
- Duchenne
+ Becker

+ Anoctamin 5 (limb-girdle dystrophy Type 2L)

Metabolic myopathies
+ Glycogenoses (e.g. McArdle’s disease)
+ Disorders of lipid metabolism (e.g. CPT deficiency)
+ Mitochondrial cytopathies

+ Brody’s syndrome

Dermatomyositis

CPT, carnitine palmitoyltransferase.

Stiffness and muscle hyper-excitability

The terms contracture, cramp, and spasm are misunderstood
by patients and doctors alike. Contracture may mean one of two
things. Permanent muscle shortening due to fibrosis is an inevitable
late sequela of numerous neuromuscular disorders associated with
marked weakness and muscle atrophy. Typical examples are fixed
flexion contractures at the hips, knees, and elbows. These contrac-
tures are in themselves painless, but may contribute to discomfort
because of difficulty with positioning. They are rarely a present-
ing symptom. In some muscle disorders contractures develop as
an early feature, when there is little muscle weakness and gener-
ally good mobility. The commonest include Emery-Dreifuss syn-
drome, which is genetically heterogeneous, with early contractures
affecting the neck (limiting flexion), elbows and ankles (Achilles
tendon tightening), Bethlem myopathy, and the various forms of
rigid spine syndrome. The second meaning of contracture is a tran-
sient, painful shortening of a muscle due to failure of relaxation,

Table 1.5 Drugs causing muscle pain (not a complete list—see also
Chapter 33)

Statins

Amiodarone

Cimetidine

Clofibrate

Emetine

Gemfibrozil

Heroin

Beta blockers

Acute alcoholic myopathy

Nifedipine

Metabolic myopathies

D-Penicillamine

Tumours (primary muscle tumours, infiltration from other tumours)

Procainamide

Secondary to local joint/rheumatological problems

Vincristine

Compartment syndromes

Zidovudine




and overlaps with the term cramp used by patients. EMG would be
silent, and it is due to failure of relaxation secondary to metabolic
factors that impair calcium reuptake and thus the end of the con-
traction process. The commonest example is that seen in McArdle’s
disease, where it is precipitated by exercise.

Cramps (which may be referred to as spasms by patients) are due
to peripheral nerve hyper-excitability and consist of brief painful
contracture most commonly affecting gastrocnemius. EMG would
show high-frequency motor unit discharges. In the more wide-
spread cramping syndromes (see Chapter 21) cramps may affect
the feet, hands, proximal limb and trunk muscles, and axial mus-
cles, and can also be associated with muscle twitching and rippling.
The latter is due to peripheral nerve hyper-excitability and must
be distinguished from rippling muscle due to caveolin mutations
and autoimmune rippling muscle disease, in which the rippling is
electrically silent.

Myotonia is due to repetitive depolarization of the muscle fibre
membrane and is perceived by the patient as muscle stiffness. Grip
myotonia means that after squeezing something tightly there is
difficulty in opening the hand (e.g. wringing out a cloth, releasing
anything held tightly, releasing after a hand-shake). The most com-
mon association is with myotonic dystrophy. In the very much less
common myotonia congenita, proximal muscle myotonia causes
stiffness when first trying to move after sitting or standing still, and
an attempt to move quickly may cause a fall.

Fasciculation, often with frequent cramps, may be the present-
ing symptom of ALS, and of the much rarer Kennedy disease. It is
also a feature of multifocal motor neuropathy and chronic inflam-
matory demyelinating polyradiculoneuropathy. In ALS, fascicula-
tions are surprisingly rare as the first reported symptom, frequently
going unnoticed by the patient until they are pointed out. Benign
fasciculation is, by definition, the principal symptom reported and
is without weakness. It is a diagnosis of exclusion in those with
no abnormality on examination, and does not require EMG to be
certain. Benign fasciculations have generally been present in an
individual for many years (rather than the more sinister explosive
fasciculations of recent onset), but do not have to be confined to
the calf muscles. For practical purposes it includes the commonly
seen twitching of the peri-orbital muscles, sometimes also referred
to as myokymia.

Muscle wasting or muscle enlargement

Muscle wasting or muscle enlargement are rare presenting symp-
toms. Wasting tends to be a late feature of myopathies, and so
presentation is more likely to be with weakness. By contrast,
in neurogenic disorders, wasting may be the presenting symp-
tom. Examples include the patient noticing wasting of the dor-
sal interossei in ulnar neuropathy, and wasting of the first dorsal
interosseous and thenar eminence with relative preservation
of the medial hand muscles in ALS (the so-called split hand).
Progressive and bilateral wasting of the tongue, typically the lat-
eral borders, and especially with visible fasciculations, is essen-
tially pathognomonic for ALS. Focal muscle wasting due to
radiculopathy in either the cervical or lumbar regions is rare, e.g.
calf atrophy with a S1 lesion where the patient notices that a boot
on that side is loose-fitting.

Muscle hypertrophy, other than in response to physical train-
ing, is uncommon and is rarely a presenting symptom. Generalized
muscle hypertrophy may be a feature of myotonia congenita,
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caveolin mutations (often associated with rippling muscles), and
primary amyloidosis (typically also with tongue enlargement).
More restricted hypertrophy may be seen in dystrophinopathies
(calves, quadriceps, and less commonly deltoid, but rarely more
generalized) and limb-girdle dystrophies (often the quadriceps
appears wasted in some parts and hypertrophic in others). Tongue
hypertrophy may be seen in Duchenne muscular dystrophy and
limb-girdle muscular dystrophy Type 2I. Focal muscle hypertrophy
may be seen with local infection (abscess, cysticercosis) or tumour,
but is also seen rarely in response to peripheral nerve or nerve root
irritation (e.g. calf hypertrophy with S1 radiculopathy).

Myoglobinuria

Extensive breakdown of muscle fibres (rhabdomyolysis), with
disruption of the plasma membrane, leads to the release of cyto-
plasmic contents into the circulation, evidenced by a marked
increase in the serum creatine kinase level and myoglobinaemia
(not routinely estimated). Excretion of myoglobin into the urine
gives rise to myoglobinuria, which the patient reports as the pas-
sage of very dark or apparently blood-stained urine (importantly,
cross-reactive with the blood detection region of many routine
urinalysis sticks). It carries with it the risk of acute tubular necro-

sis/renal failure. There are numerous causes of myoglobinuria
(Table 1.6).

Table 1.6 Causes of myoglobinuria

Metabolic myopathies:
+ Glycogenoses (e.g. McArdle’s disease)
+ Disorders of lipid metabolism (e.g. CPT deficiency)
+ Malignant hyperthermia
+ Neuroleptic malignant syndrome

Muscular dystrophies:
+ Duchenne
+ Becker
+ Limb-girdle (rare)

Acquired myopathies:
+ Myositis

« Infections (viral or bacterial)

Ischaemia and trauma:
+ Crush injury
+ Status epilepticus

« Electric shock

Drugs and toxins:
+ Opiates
+ Alcohol
+ Statins
+ Snake venom

+ Bacterial toxins

Others:
+ Heat stroke
+ Idiopathic

« Extreme exercise in normal individuals

CPT, carnitine palmitoyltransferase.
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Systems review
A detailed systems review is required and fulfils several purposes:

1.If the diagnosis is not evident from the foregoing assessment
then such a review may point to an underlying cause for the
neuromuscular disorder. Examples include features of hormo-
nal dysfunction establishing a diagnosis of endocrine myopa-
thy, haemoptysis from small cell lung cancer presenting with
Lambert-Eaton syndrome, cutaneous features suggesting der-
matomyositis, or psychiatric or bowel symptoms associated with
porphyritic neuropathy.

2. Evidence of multisystem involvement in conditions such as mito-
chondrial cytopathy (e.g. heart, liver, bowel, skin, central nervous
system) or myotonic dystrophy (e.g. cataracts, excessive daytime
sleepiness, heart, bowel) may be found.

3. Problems that may complicate management of the neuromuscu-
lar disorder can be identified. For example, in a patient with an
inflammatory myopathy steroids may be problematic against a
background history of diabetes, obesity, hypertension, cataracts,
osteoporosis, or affective disorder.

The systematic enquiry thus needs to be thorough and must also be
considered alongside the patient’s past medical, social, and medica-
tion history. The potential links between systemic disease and the pre-
senting neuromuscular complaint are limitless. Associations will be
considered further in the chapters dealing with specific disease areas.

Past medical history

The potential relevance of the past medical history to the pre-
senting neuromuscular complaint is largely as discussed in the

section The presenting complaint and related features. Identifying
a pre-existing condition that is known to be associated with neuro-
muscular disease may provide answers, but is also subject to false
associations. A past history of alcoholism does not prove that that
is the cause of the presenting neuropathy, nor does a history of
malignancy necessarily mean one is dealing with a paraneoplastic
disorder.

Drug and social history

As discussed in detail in Chapter 35, and in other chapters relating
to specific forms of neuropathy and myopathy, drugs (therapeutic
and recreational) and toxins are a common cause of neuromuscular
disorders. The history will readily elicit details of therapeutic drug
usage, but more specific enquiry is needed to identify drug and sub-
stance abuse, and the possibility of exposure to toxins within the
workplace or home environment. Traditional, herbal, or comple-
mentary therapies and dietary products, which neither the patient
nor the physician may consider important, are in fact a significant
potential source of toxicity (e.g. L-tryptophan and eosinophilia—
myalgia syndrome) and potential interactions with therapeutic
drugs (e.g. grapefruit juice causing drug toxicity by blocking intesti-
nal cytochrome P-450 3A4 and the increased risk of rhabdomyolysis
from statins).

Alcohol is an important and ubiquitous neuro- and myotoxin and
patient-reported levels of consumption is notoriously unreliable.

Family history

This is so important that the whole of Chapter 2 is devoted to
genetic considerations.



CHAPTER 2

Genetic considerations

David Hilton-Jones and Martin R. Turner

Introduction

Many neuromuscular disorders have a specific genetic basis; that
is, they are linked to mutation within a single gene. Even those
considered to be acquired may be the consequence of as yet poorly
understood polygenic factors that predispose the individual to the
disorder, possibly triggered by environmental factors [e.g. myas-
thenia gravis, in inclusion body myositis (IBM), idiopathic inflam-
matory myopathies, motor neuron disorders, polyneuropathies].
The genetic basis of virtually all of the more common neuromus-
cular disorders, and indeed of many vanishingly rare disorders,
is now known and information is available from many readily
accessible on-line databases (e.g. <http://www.musclegenetable.
fr>, supported by the World Muscle Society). In some instances,
especially for rarer disorders, there is a frustrating lag between a
specific gene being identified by researchers and the availability of
routine testing in the clinical arena. For some diseases associated
with multi-exonic genes and no common mutations, analysis may
be extremely time-consuming and costly, limiting routine avail-
ability. However, it is likely that in the very near future DNA chips
and new-generation sequencing technology will advance to allow
relatively cheap and simultaneous analysis of many neuromuscular
disease-related genes. Advantageous though this will undoubtedly
be, it will also generate in a few patients difficulties with the inter-
pretation of variants of uncertain significance.

Specific aspects of the genetic and molecular features of indi-
vidual disorders will be discussed throughout this book, but the
present chapter will address some general issues that need to be
considered when dealing with neuromuscular disorders that might
have a genetic basis. It assumes that readers are familiar with the
principles of autosomal, sex-linked, and mitochondrial inherit-
ance. Specific issues that commonly arise in clinical practice relat-
ing to each of these are noted in Table 2.1 and discussed in more
detail in the section Issues relating to specific inheritance patterns.

Relationships between genes
and diseases—heterogeneity

It would simplify matters greatly if mutations in one gene always
caused a specific disorder, and if a characteristic inherited clinical
disorder was only associated with mutations in one specific gene. It
has long been recognized that that is not the case, and neuromus-
cular disorders provide numerous examples of both genetic and
phenotypic heterogeneity.

Genetic heterogeneity

This describes the situation of a common phenotype which can be
caused either by different mutations within the same gene locus

(allelic heterogeneity) or by mutations in completely different gene
loci (locus heterogeneity).

Allelic heterogeneity is common in all forms of autosomal inher-
itance. Some mutations are relatively common, and even traceable
to a single founder. Screening tests can be devised to look for these
specific common mutations. However, in many diseases, for exam-
ple ryanodine receptor-associated disorders, collagen VI-related
disorders, and motor neuron disease (MND) linked to superox-
ide dismutase-1, many different mutations at the same allele are
recognized. Diagnosis may then require sequencing of the whole
gene, which is currently time-consuming and expensive. Different
mutations within the same gene, e.g. the chloride channel gene in
myotonia congenita, may behave in either a recessive or a dominant
fashion.

Locus heterogeneity is perhaps best reflected in two major groups
of neuromuscular disorders, namely Charcot-Marie-Tooth (CMT)
disease and limb-girdle muscular dystrophy (LGMD). Numerous
different genes, relating to nerve and muscle proteins respectively,
give rise to essentially the same, highly characteristic, phenotype.
In both disorders one may see examples of autosomal dominant
and autosomal recessive inheritance, and, in the case of CMT dis-
ease, X-linked inheritance. Identifying the specific mechanism for
an affected individual is essential for genetic counselling for the
patient and wider family

Phenotypic heterogeneity

This term is, arguably, less precise than genetic heterogeneity,
and encompasses a range of factors. In essence it refers to the fact
that mutations in one gene may produce more than one pheno-
type. Related issues, discussed in the section Issues relating to
specific inheritance patterns when considering autosomal domi-
nant inheritance, include penetrance, expressivity, pleiotropy, and
anticipation.

It is not surprising that mutations in different parts of the same
gene may have different phenotypic consequences relating to dif-
ferent functional domains within the protein being coded for.
Depending on the site and type of mutation, mutations in the lamin
A/C gene (LMNA) can produce a diverse range of often overlapping
phenotypes, including Emery-Dreifuss syndrome, LGMD, cardio-
myopathy, CMT disease, lipodystrophy, and progeria. Mutations in
one region of the MYH?7 gene cause early onset distal myopathy,
and in another cardiomyopathy.

What is more surprising is that the same mutation may produce
different phenotypes in different individuals, even within the same
family. Thus, certain mutations of the caveolin gene (CAV3) can
produce either LGMD, distal myopathy, isolated hyperCKaemia, or
rippling muscle disease.


http://www.musclegenetable.fr
http://www.musclegenetable.fr
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Mutations in the dystrophin gene (DMD), depending upon their
site and whether or not the reading frame is disrupted, may cause
Duchenne or Becker muscular dystrophy, isolated cardiomyopathy,
or a cramp/myalgia syndrome.

Issues relating to specific
inheritance patterns

As indicated in Table 2.1, despite the relative simplicity of the gen-
eral rules there are a number of potential catches relating to each
pattern of inheritance.

Autosomal dominant inheritance

In general, those with an autosomal dominant disorder will have
inherited the condition from one or other parent and will them-
selves have a 50% chance of passing the condition on to each of
their offspring, all independent of the sex of the individual. The
family history is thus likely to be highly informative. Catches to be
aware of include the following:

+ Non-paternity: rates vary widely according to the population
studied (1-10%, and even higher in some). Estimates are much
higher for studies where disputed parentage was the reason for
testing.

¢ New mutations: neither parent has the mutation but it arises
in meiosis giving rise to the affected offspring, who may then
transmit it to the next generation. In some disorders this is
quite common [e.g. facioscapulohumeral (FSH) muscular dys-
trophy]. This will not necessarily cause difficulty if the pheno-
type is as characteristic as FSH muscular dystrophy, and DNA
analysis is readily available. However, if the phenotype is one
associated with genetic heterogeneity, such as LGMD, then it
may not be immediately apparent whether the individual has
a dominant disorder due to a new mutation or has an auto-
somal recessive disorder, and DNA-based diagnosis may not
be readily available. This presents major difficulty with genetic
counselling.

¢ Germline (gonadal) mosaicism: this is sufficiently common
to be problematic in everyday clinical practice and, as with

Table 2.1 Some issues relating to different inheritance modes

Autosomal dominant  New mutations
Germ-line mosaicism
Penetrance
Expressivity
Pleiotropy
Anticipation

Autosomal recessive Many cases appear ‘sporadic’
Pleiotropy

Pseudodominant inheritance

X-linked Manifesting carriers/dominant expression

New mutations

Mitochondrial Non-transmission of the ‘common deletion’

Many ‘mitochondrial’ disorders are autosomally
inherited

non-paternity and new mutations, is also relevant to X-linked
disorders (and, extremely rarely, recessive conditions as well). In
this situation an individual has two populations of cells in their
gonads, one normal (as in the rest of their body) and the other
carrying the mutation. The individual is clinically unaffected and
standard (blood and any tissue other than gonad) DNA testing
would be normal. However, a fetus arising from the mutated cell
line would be affected, and of course then be at risk of passing
on the abnormality to future generations in standard Mendelian
fashion. It is not easily possible to distinguish between a new
mutation and germline mosaicism as the cause of a ‘normal’ indi-
vidual having a child with an autosomal dominant disorder, but
the distinction is hugely important in terms of advising about
recurrence risk. In the case of a new mutation the recurrence risk
is essentially zero. With germline mosaicism the risk depends
largely on the proportion of germline cells with the mutation,
and that is impossible to measure. For a few more common dis-
eases risk estimates are available.

Penetrance: not everybody carrying a dominant mutation devel-
ops clinical symptoms. In those who do not the mutation is said
to be non-penetrant. When considering penetrance, age must
be taken into account. The expression of many diseases is age
dependent. For those who do not present before middle age, pen-
etrance may appear to be near zero at age 20 years but may be
100% by 80 years.

Expressivity: this is often confused with penetrance, but rather
than indicating whether or not there is clinical expression of
the mutation it describes quantitative and qualitative manifesta-
tions of that expression in an individual in whom the disorder
is penetrant. It covers the relative severity of expression, and is
also often related to that to the age of onset of symptoms. It also
covers variation in the different phenotypic features that might
be associated with the condition. Both penetrance and expressiv-
ity need to be considered alongside pleiotropy and anticipation
discussed next.

Pleiotropy: this term describes multiple phenotypic traits aris-
ing from a mutation in one gene, because that gene product is
used by different cell types, or is involved in signalling pathways
affecting various targets. An example already alluded to is LMNA
mutations.

Anticipation: this describes the earlier age of onset of symp-
toms in subsequent generations. It is best understood in rela-
tion to unstable trinucleotide-repeat expansion disorders, most
strikingly exemplified by myotonic dystrophy Type 1 (DM1). In
addition to earlier age of onset in subsequent generations it is
often blandly stated that the severity of symptoms also increases,
but in DM1 that hides a more complex picture. Not only is the
age of onset earlier, but the pattern of symptomatology changes
strikingly, discussed in detail in Chapter 25. In brief summary,
in a three-generation family one might see a grandparent who
is of normal intellect and develops cataracts at a slightly earlier
age than average, but is otherwise asymptomatic. The daughter
develops distal weakness and myotonia in adolescence/early
adulthood, and may have an IQ in the normal range or slightly
reduced. She then has a child with congenital disease, who is
hypotonic at birth, has transient feeding and breathing difficul-
ties, dysmorphic facial features, and subsequent learning difficul-
ties that prevent independent existence.



Autosomal recessive inheritance

Most individuals with an autosomal recessive disorder have no
family history of the condition and thus appear to be sporadic. This
manifestation is sometimes referred to as ‘horizontal inheritance’ as
a family tree shows affected members in a horizontal line, with ver-
tical family members (parents and subsequent generations) being
unaffected. This is in contrast to the ‘vertical inheritance’ pattern of
dominant disease with parent-to-child transmission.

Penetrance and expressivity are generally considered only to be
features of autosomal dominant disease. Although as a general rule
recessive disorders tend to have an earlier onset than dominant dis-
orders, there are many exceptions. Another generalization, again
with exceptions, is that recessive phenotypes tend to show less vari-
ability than dominant ones.

Pseudodominant inheritance describes the apparent ‘vertical
transmission’ of a disorder that is autosomal recessive in nature.
McArdles disease is an autosomal recessive disorder, and thus
affected individuals have two mutated alleles and carriers of one
mutated allele are asymptomatic. If an affected individual has
offspring with an asymptomatic partner who happens to have
one mutated allele, then each child has a 50% risk of developing
McArdles disease and the family tree suggests dominant inher-
itance (Fig. 2.1). Consanguinity of course greatly increases the
likelihood of seeing pseudodominant inheritance, so the ethnic
background and traditions of the parents need to be considered.

X-linked inheritance

Mutations on the X chromosome, as on an autosome, may behave
in recessive or dominant fashion, but the distinction between the
two becomes a little blurred due to a variety of factors.

Dominant X-linked disorders are relatively rare but in the neuro-
muscular field include FHLI mutations which can cause a range of
phenotypes including scapuloperoneal syndrome, X-linked myo-
pathy with postural muscle atrophy, and reducing body myopathy.
As with any dominant disorder, penetrance and expressivity can
vary. Despite being dominant, severity tends to be greater in males.
Similarly, CMT disease type 1X is inherited as an X-linked domi-
nant trait but almost invariably females are less affected, both clini-
cally and electrophysiologically, than males. Indeed, some females
show no clinical features, indicating low penetrance.

The X-chromosome mutations causing Duchenne and Becker
muscular dystrophy are considered to be recessive, which classi-
cal teaching suggests should mean that females are asymptomatic

G2055/

1 R50X/G205S

McArdle s disease

R50X/R50X

R50X/G205S

Fig. 2.1 Pseudodominant inheritance. The affected mother (black circle) is
homozygous for the most common mutation associated with McArdle’s disease.
Her asymptomatic partner (open square) carries another recognized mutation
on one allele, whereas the other allele is normal. Each child is a compound
heterozygote for the two mutations.
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carriers and only hemizygous males are affected (cf. haemophilia).
However, up to 10% of female carriers may show mild skeletal mus-
cle involvement (most commonly calf hypertrophy, less commonly
proximal weakness which very rarely is severe) and are referred
to as manifesting carriers. A small number of female carriers may
develop cardiomyopathy with or without evidence of skeletal mus-
cle involvement. These ‘exceptions” have been attributed to skewed
inactivation (or lyonization) of the X chromosome. If there is pref-
erential inactivation of the chromosome carrying the normal gene,
then the effects of the mutated gene on the other allele become
apparent, but the evidence for this remains inconclusive and other
factors may be relevant. Other rare causes of females manifesting
disease include the female inheriting two affected X-chromosomes
(with a new mutation on one being possible), Turner’s syndrome
(XO), and X-autosome translocation.

As with autosomal recessive disorders, many affected individuals
are seen with no family history, or an affected male sibling (appar-
ent ‘horizontal transmission’). One explanation for the apparent
absent family history is that in preceding generations the mutation
may only have been carried by ‘asymptomatic’ females. Sometimes
the family history has simply not been taken back far enough,
and more detailed enquiry will reveal, for example in the case of
Duchenne muscular dystrophy, death of an adolescent male sev-
eral generations ago without the family being aware of the precise
diagnosis. For Duchenne and Becker muscular dystrophies, the
greatest catches are new mutations and germline mosaicism (both
discussed in the section Autosomal dominant inheritance). New
mutations are responsible for about one-third of cases. Germline
mosaicism is less common, but presents particular difficulties for
counselling about recurrence risk.

Mitochondrial inheritance

‘Mitochondrial myopathy’ was first defined by the demonstration
of accumulations of structurally abnormal mitochondria in muscle
biopsy specimens. It was then shown that respiratory chain func-
tion was impaired in some (e.g. complex 1 or complex 4 deficien-
cies). Subsequently abnormalities of mitochondrial DNA (mtDNA)
were identified, initially deletion of a large section of the circular
mtDNA molecule (the so-called common deletion), and later point
mutations within mtDNA. The clinical diversity of mitochondrial
disorders rapidly became evident, leading to the preferred term
‘mitochondrial cytopathy’ as in many mitochondrial disorders
there is no evidence of muscle involvement. mtDNA is maternally
inherited and encodes for only a small number of mitochondrial
(respiratory chain) proteins, the rest being autosomal in origin.
Thus, mitochondrial cytopathy does not necessarily imply maternal
inheritance, and indeed the majority of mitochondrial disorders
are either sporadic, and not inherited (e.g. the ‘common’ deletion of
mtDNA, causing late-onset chronic progressive external ophthal-
moplegia), or are the result of a dominant or recessive autosomal
mutations and behave as already described. A precise molecular
diagnosis is clearly essential for correct genetic counselling, which
is particularly difficult for maternally inherited mtDNA point
mutations, as discussed in detail in Chapter 32.

Family history

Little encouragement is needed to take a detailed family history
if the patient spontaneously volunteers information about other
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affected family members, or the patient’s clinical history and
examination clearly indicate a genetic neuromuscular disorder.
In the absence of such clues, a cursory family history may miss
potentially relevant information. Most acquired neuromuscular
disorders are sporadic, and thus there will indeed be no relevant
family history, but inheritable disorders frequently occur in an
isolated individual. Family histories may be misleading or incom-
plete. Not infrequently, the clue to a genetic disorder may only
come after further clinical and laboratory assessment (e.g. find-
ing neurophysiological evidence of a demyelinating neuropathy
in a patient initially thought to have an acquired peripheral neu-
ropathy—the correct diagnosis being autosomal dominant CMT
disease with incomplete penetrance). One then has to return to
the family history. The patient may have inadequate knowledge
about their family, and other family members may need to be
interviewed. The history-taking may need to be extended to phys-
ical assessment of other, apparently unaffected, family members,
thus overlapping with issues discussed in the section Genetic
counselling later.

It is worth noting that many highly educated individuals will
not understand the concept of a condition that ‘runs in the family’
Neither should questioning be limited to ‘has anybody else in the
family had the same problems’; more directed enquiry should be
made, such as the use of walking aids, mobility problems, ‘undi-
agnosed’ problems leading to disability, and details of potentially
erroneous diagnoses such as ‘arthritis’ as a cause of walking impair-
ment, etc. Recently, an autosomal dominant intronic hexanucleo-
tide repeat expansion in C9orf72 has been associated with cases
of MND (also known as amyotrophic lateral sclerosis, ALS) and
frontotemporal dementia (FTD) occurring in members of the same
family. MND was often historically termed ‘creeping paralysis,
and may be labelled erroneously as MS or stroke (in the case of
the elderly with bulbar onset). FTD may be considered generically
as ‘Alzheimer’s’ or even as simply eccentric behaviour. Such factors
have undoubtedly led to cases of MND being labelled erroneously
as sporadic.

As emphasized in Chapter 1, many inherited neuromuscular
disorders have multisystemic manifestations, and many acquired
disorders are secondary to an underlying disorder, so the family
history needs to extend beyond neurological problems. Examples
of relevant ‘general medical’ associations are too legion to list, but
one example, shown in the section Illustrative family histories,
might be a mitochondrial disorder presenting as a myopathy in one
individual but as deafness, cardiomyopathy, or diabetes in other
family members.

Consanguinity substantially increases the risk of autosomal
recessive disorders. This is recognized as being common in certain
ethnic and religious groups but may be overlooked in populations
in whom consanguineous relationships are rare. The question needs
to be asked despite any discomfort that may arise. A related issue
is having knowledge of the frequency of particular disorders in the
local population as some show considerable regional variability.
A classic example relating to ancestral issues is the high prevalence
of myotonic dystrophy type 1 in Quebec, Canada.

Taking an adequate family history requires time and patience
and may need to be undertaken in more detail at a later date than
the initial clinic assessment. Depending upon the experience of the
clinician, help may need to be sought from a geneticist or genet-
ics nurse specialist, both of whom may have a subsequent role in
genetic counselling.

The next subsection (Illustrative family histories) gives some
examples of ‘diagnostic, ‘missing, ‘inadequate, and ‘misleading’
family histories, all based on real-life examples.

lllustrative family histories

With dominant disorders in particular the family history is often
straightforward and highly informative. FSH muscular dystrophy is
inherited in an autosomal dominant fashion and is associated with
a deletion in the D474 repeat sequence in the telomeric region of
chromosome 4. Figure 2.2 illustrates a family in which the patient
presented with typical features of FSH muscular dystrophy. His
mother and maternal grandfather were known to have had the con-
dition, and his mother had been shown to have the relevant muta-
tion. Arguably, the patient does not require DNA confirmation of
the diagnosis.

In the family shown in Fig. 2.3(a) the patient presented with
unilateral scapular winging, a well-recognized presentation of FSH
muscular dystrophy, and the diagnosis was confirmed at a molecu-
lar level. However, neither parent was known to be affected by the
condition. There are five possible explanations for what is a com-
mon scenario:

1. One parent may be found on examination to have features of the
condition but was either not aware of any symptoms or chose to
ignore/deny them.

2. One parent carries the mutation but it is non-penetrant and they
have no signs of the condition.

3. One parent is a germline mosaic.
4. There has been a new mutation.
5. Non-paternity (Fig. 2.3b).

A patient presented with features consistent with Duchenne
muscular dystrophy (Fig. 2.4a) but enquiry back to his grandpar-
ents revealed no family history of the condition. Taking the his-
tory back (Fig. 2.4b) further identified a male predecessor who
died during the Second World War at the age of 16 years from a
muscle-wasting condition, without any more detail being available
(a common scenario). The patient was shown to have a dystrophin
mutation and his mother to carry the mutation. The presumption

FSHD
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Fig. 2.2 ‘Diagnostic’ family history. The patient presented with typical features of
facioscapulohumeral muscular dystrophy. His mother (black circle) and maternal
grandfather (top black square) were known to have had the condition, and his
mother had had confirmatory DNA analysis.
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Fig. 2.3 ‘Missing’ family history. The patient presented with unilateral scapular
winging (a common presenting feature in milder cases of facioscapulohumeral
muscular dystrophy, FSHD) and DNA analysis confirmed the diagnosis. See text

for discussion of paternity.
@
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Fig. 2.4 'Inadequate’ family history. (a) A male presented with early childhood

onset weakness and became wheelchair dependent early in the second decade.

(b) Initial family history was negative’ for neuromuscular disease, but became
positive on more detailed enquiry.
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Fig. 2.5 ‘Inadequate’ family history. (a) Enquiry into the family history must go
beyond questions about neuromuscular problems, as shown by this family with a
maternally inherited mitochondrial cytopathy (b).

is that his ancestor also had Duchenne muscular dystrophy with
intervening female carriers.

Particularly in conditions associated with multisystemic involve-
ment, specific enquiry must be made about non-muscular manifes-
tations. This is exemplified by a family with a maternally inherited
mtDNA mutation in whom initial enquiry about muscle problems
revealed no relevant family history (Fig. 2.5a), but more detailed
enquiry revealed an extensive history of related clinical expression
(Fig. 2.5b).

Finally, one must be wary of being misled by the family history.
In the family shown in Fig. 2.6, three generations were known to be
affected by FSH muscular dystrophy, with DNA confirmation of the
diagnosis. In addition, patient III.1 presented with features of myo-
tonia congenita and was shown to be a compound heterozygote
for CLCN1 chloride channel mutations, confirming a diagnosis
of autosomal recessive myotonia congenita. At the age of 21 years,
patient II1.2 presented complaining of weakness and muscle stiff-
ness. She realized that she had a 50% risk of inheriting the FSH
mutation, and a 25% risk of developing myotonia congenita, and

1 2
FSHD
30kb EcoR1
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Fig. 2.6 ‘Misleading’ family history. Three generations had clinical features of
facioscapulohumeral muscular dystrophy (FSHD) with molecular confirmation of
the diagnosis. One member, Il1.1, in addition had features of myotonia congenita
and was shown to have compound heterozygous mutations affecting the chloride
channel gene, CLCN1, indicating recessive inheritance. Her sibling, I11.2, presented at
the age of 20 years complaining of muscle stiffness and weakness.
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believed that she had been twice unlucky. However, examination
showed no abnormality, and DNA testing showed that she had not
inherited the FSH mutation and was a carrier for only one of the
two myotonia congenita mutations.

The last example relates to another common clinical problem,
whereby parents knowing that their children have a risk of inher-
iting a neuromuscular disorder may perceive problems that do
not exist. For example, knowledge of a family history of CMT dis-
ease may lead to parental anxiety that every trip and fall in the
school playground heralds the onset. Another common example
is concern that normal scapular prominence in a relatively thin
child is the first evidence of FSH muscular dystrophy. These issues
are highly relevant when considering genetic counselling issues.

Genetic counselling

In brief, genetic counselling refers to the process of informing indi-
viduals about genetic risks and, by extrapolation, advising them
about reproductive options. Although potentially complex in the
minutiae, the major issues relevant to neuromuscular disorders
are summarized in Table 2.2. Genetic counselling should ideally
be provided by a clinician who not only has the requisite genetic
knowledge but also has widespread experience in the diagnosis
and management of neuromuscular disorders, both genetic and
acquired. This might be a geneticist who has subspecialized in the
field of neuromuscular disorders, or a paediatric or adult neuro-
muscular specialist who has undertaken appropriate genetic train-
ing. In many centres the goal is achieved through collaboration
between the relevant clinical service responsible for diagnosis and
management, and the department of genetics.

A common clinical problem is an individual who comes from a
family known to have a specific neuromuscular disorder and who
wishes to know their risk of developing the ‘familial condition’ If
the mode of inheritance of that condition is known (e.g. dominant,
recessive, X-linked, mitochondrial) then it is a simple paper exercise
to determine the specific risk of that individual having inherited the
relevant mutation(s). And even simpler in principle, if the specific
mutation is known, DNA analysis can determine, essentially with
100% accuracy, whether or not that individual has inherited the
mutation. In practice however, the question of whether they will
develop the familial condition is far more complex.

Table 2.2 Issues relating to genetic counselling

Informing individuals of genetic risks:
+ The risk to an individual who has a family history of genetic disease
+ The risk of a parent with a genetic disorder having an affected child

+ The recurrence risk in subsequent pregnancies if a child has been born
with a genetic disorder

Reproductive options:
+ Sperm or egg donation
« Pre-implantation genetic diagnosis

+ Prenatal diagnosis (e.g. by chorionic villus sampling)

As discussed in the section Illustrative family histories, carrying a
mutation does not necessarily mean that an individual will express
it, or if they do how severe it will be (including the age of onset) or
which organ system(s) it will involve. Counselling of the individual
must take into account all of these considerations. Adequate coun-
selling can only be given if the counsellor has intimate knowledge
of the condition and all of its potential manifestations.

One special issue relates to the testing of the children of a par-
ent with an inheritable neuromuscular disorder. If the condition
was known about prior to conception, then appropriate counsel-
ling should have been given beforehand and reproductive options
discussed. However, a common scenario is that a parent is diag-
nosed with such a condition after they have already conceived.
Considering the simplest example of an autosomal dominant
disorder they will realize that each child has a 50% risk of hav-
ing inherited the mutation and may enquire about testing. As a
general principle, testing asymptomatic children (who, by defini-
tion, cannot provide informed consent) is not indicated unless a
specific therapeutic intervention is available, or knowledge of the
mutation might directly affect overall management. If the child
develops symptoms or signs that might be attributable to the
mutation, then testing may be indicated, but otherwise the gen-
eral principle is to counsel the child to enable to make their own
decision about pre-symptomatic testing once they have reached
the age of consent. The parental anxiety is readily understand-
able. Counselling should help them deal with those anxieties
and should include advice to be open in discussions with their
children as they mature and might ask questions about their par-
ent’s health issues. No rule is absolutely rigid, and the relationship
between the patient and clinician over the years should allow con-
stant review of relevant genetic issues.

For all patterns of inheritance, after the birth of an affected child
a major issue is the risk of recurrence in subsequent pregnancies.
Where the mutation is known, this gives rise to the possibility
of prenatal diagnosis in future pregnancies, or pre-implantation
genetic diagnosis. Other options, even when the mutation is not
known, include egg or sperm donation.

Individual disorders are associated with specific genetic coun-
selling issues, which will be addressed in more detail in the rel-
evant chapters. Myotonic dystrophy presents a number of issues
relating to anticipation, and the disease tends to manifest itself in
different ways in different generations. It is one of the few neuro-
muscular disorders where there are good grounds to actively seek
out asymptomatic family members to offer genetic testing. An
important potentially preventable situation is an asymptomatic
mother giving birth to a child with the severe congenital form of
the condition.

The principles of genetic counselling seem inherently simple,
but the practice is complex and a rashly sent test has the potential
to cause irreparable and far-reaching emotional harm. All coun-
selling, by definition, is non-directional. There are enormous sen-
sitivities relating to specific religious and cultural issues. Clinical
assessment and DNA testing take place against the background of
informed consent, and that is inherently dependent upon provision
of the right information, presented in an appropriate fashion.



CHAPTER 3

Examination

David Hilton-Jones and Martin R. Turner

Introduction

Despite the traditional concept of distinguishing rigidly between
symptoms and signs, in reality there is substantial overlap, which
will have been readily evident from the discussion in Chapter 1.
For example, careful elucidation of the history will give a strong
indication of the distribution of weakness, which is so critical in
establishing the differential diagnosis, and then examination will
further refine that distribution. Not infrequently, an observation
on examination may lead to further questioning of the patient to
elucidate additional features of the symptomatology. Contrary to
the established dogma of ‘history first, and then examination, the
reality is that examination comes first—as one watches the patient
walking from the waiting room into the clinic, and observes the
patient whilst he or she is relating their history.

Those reading this book will be familiar with the general approach
to physical examination, and the purpose of this chapter is to offer
some focused observations in relation to neuromuscular disorders.

General examination

The purpose of the general physical examination is to determine
whether:

1. There is evidence of a primary general medical disorder that
might cause secondary neuromuscular problems. For example:

(a) endocrinopathy such as hypothyroidism [causing proximal
myopathy, or focal neuropathy (carpal tunnel syndrome)] or
Cushing’s syndrome (proximal myopathy),

(b) malignancy causing paraneoplastic neuromuscular disorder.

2. There are systemic features associated with a primary neuromus-
cular disorder. For example:

(a) myotonic dystrophy—cataracts, hair loss, irregular pulse,
pilomatrixomata,

(b) mitochondrial cytopathy—skin (lipomatosis), pigmentary
retinopathy, cardiomyopathy, irregular pulse, movement
disorder,

(c) an association with cardiac arrhythmia and/or cardiomyopathy.

3. There are ‘general’ medical problems that may complicate a pri-
mary neuromuscular disorder or its management. For example:

(a) rheumatological/orthopaedic problems that will further exacer-
bate mobility and posture issues relating to a primary neuromus-
cular disorder (e.g. hip and knee arthritis exacerbating problems
relating to quadriceps weakness in inclusion body myositis, or
further impairing mobility in hereditary neuropathies),

(b) cardiorespiratory problems (e.g. asthma, chronic obstruc-
tive pulmonary disease, ischaemic heart disease/cardiomyo-
pathy) that may exacerbate ventilatory muscle insufficiency
and cardiac problems directly related to the primary neuro-
muscular disorder.

The findings on general physical examination, or the identifica-
tion of a primary neurological disorder that is known to be asso-
ciated with multisystemic features, may require more detailed
specialist investigations. Amongst the most common are cardi-
orespiratory studies. Electrocardiography (ECG) should be an
integral part of the initial assessment if a disorder known to affect
the heart is suspected (e.g. myotonic dystrophy, laminopathy, dys-
trophinopathy) and in any patient with an as yet unidentified gen-
eralized neuromuscular disorder. A resting tachycardia may be a
clue to dysautonomia, and bradycardia to hypothyroidism. More
detailed cardiac assessment (echocardiography) is needed at initial
assessment and on long-term review in those patients with condi-
tions known to be associated with cardiomyopathy (e.g. dystrophi-
nopathies). More detailed respiratory studies (pulmonary function,
sleep studies) may be indicated, but initial assessment should
include measurement of erect and supine forced vital capacity in
those conditions known to be associated with ventilatory muscle
weakness [e.g. Guillain-Barré syndrome, motor neuron disease
(MND), myasthenia gravis, and acid maltase deficiency].

Motor examination

Inspection and palpation of muscle and nerves

Adequate physical observation in the setting of neuromuscular
symptoms requires the patient to be undressed to their underwear.
The distribution of any atrophy or hypertrophy should be noted,
together with any spontaneous involuntary movements (e.g. fas-
ciculation, rippling, twitching, myokymia). Fasciculations in MND
may be sparse, and are most often missed over the shoulder region
and back. Facial fasciculation (especially of the chin) is particu-
larly prominent in Kennedy disease. Tongue fasciculations are best
observed with the tongue relaxed. Forced protrusion leads to false
positive assignation. In the setting of bilateral tongue wasting and
dysarthria, tongue fasciculations are highly suspicious for MND.

Peripheral nerve hypertrophy is seen, or rather felt, in some
demyelinating polyneuropathies (including the most common
form of hereditary motor and sensory neuropathy, Type 1A), lep-
rosy, and neurofibromatosis. However, it is inconsistent, and there
is often not a clear distinction from normality.

Muscle palpation may help detect subtle atrophy. Various textures
described in different clinical settings include hardness, ‘woody
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feeling, ‘doughy feeling), and ‘fibrotic;, but we have not found such
assessment contributory.

An assessment of limb tone is vital in establishing a central
component to a neuromuscular disorder, e.g. amyotrophic lateral
sclerosis (ALS). This may range from a subtle ‘catch’ in forced supi-
nation of the forearm, to sustained clonus of the ankle and even
patella. Passive movement of joints and the spine are required to
identify contractures (see Chapter 1). Common sites include the
neck and spine (as in rigid spine syndromes), elbows, finger flexors
(e.g. Bethlem myopathy), hips, knees, and ankles.

Strength assessment

Whilst the term strength assessment is obviously readily applicable
to axial and limb muscles, it is not so appropriate for evaluation
of the extraocular or ventilatory muscles. Even when considering
limb muscles, in the clinical setting it is often most helpful to think
in terms of functional ability than ascribing a numerical value.

Cranio-cervical muscles

With the notable exceptions of myasthenia gravis and myotonic
dystrophy, extraocular muscle involvement is uncommon in neu-
romuscular disorders, but when present is very useful in shortening
the differential diagnosis (see Table 3.1). Assessment for ptosis and
of the eye movements should be made even in the absence of sug-
gestive symptoms.

Ptosis may be subtle, and is equally a frequent false positive
sign. When ptosis is marked the patient may tilt their head back to
enable them to see ahead. There may be persistent over-activity of
the frontalis muscle to try to compensate (Fig. 3.1). Ptosis is often
asymmetric. This is the norm in myasthenia gravis, but even in
conditions such as oculopharyngeal muscular dystrophy there may
be striking asymmetry. Fatigability, seen as the eyelid progressively
drooping either spontaneously or on attempted sustained up-gaze,
is virtually pathognomonic of myasthenia gravis.

Weakness of any of the six muscles moving each globe typically
presents with diplopia. There may be obvious underactivity of one
or more muscles when testing eye movements, but minor weak-
ness causing diplopia may not be readily visible and requires cover
testing to determine the muscle(s) involved. A striking feature

Table 3.1 ‘Minimum’ assessments of limb and trunk strength

Neck flexion and extension

Scapular fixation

Shoulder abduction

Elbow flexion and extension

Wrist flexion and extension

Finger flexion, extension, and abduction

Hip flexion and extension

Knee flexion and extension

Ankle dorsiflexion and plantar flexion

Trunk—sitting up from lying supine

Gait

Fig. 3.1 Myasthenia gravis. Ptosis/frontalis over-activity. Asymmetry.

of mitochondrial chronic progressive external ophthalmoplegia
(CPEO) is that diplopia is uncommon, despite often gross restric-
tion of eye movements and sometimes with very evident divergence
of the ocular axes (Fig. 3.2).

Temporalis muscle atrophy is often striking in myotonic dystro-
phy and contributes to the characteristic facies (Fig. 3.3). Weakness
of the masseter and temporalis is often seen as part of the bulbar
weakness in myasthenia gravis.

Mild unilateral weakness of the facial muscles is usually very
obvious because of the asymmetry on movement. Conversely, even
marked bilaterally symmetric facial weakness may not be obvious
and is frequently missed. The first impression of facial weakness
may be suspected from the failure of the patient’s face to respond
to the normal pleasantries exchanged at the start of a consultation,
or as they give their history. Arguably, the best sign is the failure
to completely bury the eyelashes on attempted forceful closure
(Fig. 3.4), and there is no additional information to be gained from
attempting forced eye opening. Not all incomplete burying of the
eyelashes indicates weakness—those with contact lenses and those
with lashings of mascara may be reluctant to attempt the manoeu-
vre! Weakness of lip closure may be suggested during speech, and
can be demonstrated by failure to keep the lips closed when ‘blow-
ing up the cheeks’ or when the examiner tries to forcibly separate
the lips with their thumbs. Patients with facioscapulohumeral mus-
cular dystrophy often have a rather characteristic bulbous appear-
ance to their lips (Fig. 3.5).

The strength of the tongue and soft palate are best assessed by
listening to speech (asking the patient to recite a nursery rhyme
may be useful), perhaps aided by getting the patient to attempt to
produce specific sounds, e.g. saying k and producing a hard g are
problematic with palatal weakness, whereas tongue weakness is
revealed by difficulty producing d, 1, n, and t.

Swallowing can be assessed qualitatively by observation and
quantitatively by timing the swallow of a specified amount of water.

Several neuromuscular disorders cause weakness of the neck
flexors and extensors (Fig. 3.6), and this often neglected sign can
be highly discriminatory in conjunction with other findings. It is
often asymptomatic, but marked weakness of flexion causes diffi-
culty lifting and throwing the head forwards in the normal action
of sitting up from the supine position (Fig. 3.7). Marked weakness
of extension causes the ‘dropped head” appearance mentioned in
Chapter 1. Weakness of flexion, which may be marked, with normal
or only minimal weakness of extension is seen commonly in myas-
thenia gravis in both sexes and at all ages, myotonic dystrophy, and
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Fig. 3.2 Mitochondrial chronic progressive external ophthalmoplegia.

Fig. 3.3 Myotonic dystrophy facies—wasted temporalis.

Fig. 3.4 Myotonic dystrophy. Bilateral facial weakness—incomplete burying of
the eyelashes.

Fig. 3.5 Facioscapulohumeral muscular dystrophy—mild facial weakness and
bulbous lips.

the idiopathic inflammatory myopathies. Causes of dropped head
syndrome include myasthenia gravis in older men, MND, and,
rarely, inflammatory myopathies and myotonic dystrophy. Overall,
neck weakness is rather uncommon in most dystrophies except in
advanced stages.

Axial and limb muscles

Involvement of the axial muscles in the neck has been described
(see the section Cranio-cervical muscles). Weakness of the para-
vertebral muscles is seen in FHLI myopathies (XMPMA; X-linked
myopathy with postural muscle atrophy), acid maltase deficiency,
and ALS. Marked involvement of the lumbar paravertebral mus-
cles in FSH muscular dystrophy leads to an exaggerated lordosis
(Fig. 3.8) and is frequently associated with lumbar pain.

All readers will be familiar with assessment of limb muscle
strength, but it is appropriate to make some comments con-
cerning which muscles should be assessed, how strength can be
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Fig. 3.6 Demonstration of positions for testing neck flexion and extension.

measured and recorded, and the importance of simple functional
assessments.

Which muscles?

From the more than 600 skeletal muscles in the human body, the
history provides vital clues to the approach that should be taken dur-
ing examination. A history suggestive of a focal mononeuropathy
indicates the need to assess the muscles innervated by that nerve, to
confirm one’s suspicions but also to look at nearby muscles to show
that those innervated by other nerves are unaffected. Symptoms of
peripheral neuropathy make distal rather than proximal weakness
most likely. A history of generalized weakness may be associated
with proximal, distal, or combined weakness, and the examination
must look in detail to complement the history to try and identify
the exact pattern of weakness which, as stressed in Chapter 1, may
greatly shorten the differential diagnosis. As a minimum, the move-
ments listed in Table 3.1 should be assessed in all patients, but the
history and preliminary observations on examination will direct

further assessments. The finding of a so-called ‘pyramidal’ pattern
of weakness, whereby there is preferential weakness of upper limb
extensors and lower limb flexors, offers little discriminatory value
for central versus peripheral neuromuscular disorders in reality.

The position of the limb is critical when assessing strength. Most
clinicians use the approaches outlined in the classic Aids to the
Examination of the Peripheral Nervous System, with personal varia-
tions learnt from experience.

Recording strength is easy in principle, but proves to be harder in
practice. In routine clinical practice most clinicians use the Medical
Research Council (MRC) scale, despite its limitations. The problem
with the original scale is that grade 4 covers a wide range, encom-
passing minimal to substantial weakness. To try to deal with this
various expansions have been tried (Table 3.2), but then inter- and
intra-observer variations become more apparent. On the basis of
Rasch analysis it has recently been proposed that the scale should
be reduced to only four items. Whilst this may reduce observer
variability, it is less useful for noting small changes in strength over

‘:\

Fig. 3.7 Neck flexion weakness. The patient is trying to get up from the supine position but cannot raise and throw his head forwards (myotonic dystrophy).



Fig. 3.8 Facioscapulohumeral muscular dystrophy—exaggerated lumbar lordosis
due to weakness of the lumbar paravertebral muscles.

time, which may be vital for assessing improvement or deteriora-
tion. As noted, in clinical practice it is often more helpful to use
quasi-objective functional assessments rather than numbers.

In the research setting MRC scores may be used as well as
summed scores from assessing particular groups of mus-
cles, often trying to reflect the particular pattern of muscle
weakness associated with a particular disease. In addition to
such manual muscle testing, various forms of dynamometry,
hand-held or static, are used for quantification. A few diseases
have well-validated assessment scales, e.g. the Quantitative
Myasthenia Gravis (QMG) test.

A number of simple bedside functional tests provide a powerful
tool to record the patient’s current status, and readily allow the same
clinician or others to note change over time, either deterioration
reflecting the natural progression of the disorder or improvement in
response to treatment (Table 3.2). For example, a patient with myosi-
tis and hip flexion weakness may, when lying supine, be able to raise
their leg to get their heel 5 cm off the sheet. A month later they can
raise it to 40 cm—a clear demonstration of improvement and yet on
both occasions the MRC grade would be recorded as 4. Similarly,
being able to rise from a standard height chair without using the arms

Table 3.2 Functional assessments

Standing up from a standard height chair—whether or not the arms need to
be used

Rising from a squat

Timed walk: distance within a specific time (6-min walk), or time to walk
a specific distance (10-m test), or timed up and go (TUG)

Lying supine
ability to lift the head
straight leg lift (heel-sheet distance, time able to maintain)
sitting up from lying

Ability to run and hop

Ability to walk on heels and tip-toe

Ability to climb stairs in an ‘adult’ or ‘child’ (one step at a time) fashion

Height to which arms can be raised (and time able to maintain)
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on one occasion but needing to use the arms a month later suggests
deterioration.

Manual dexterity relates to both strength and sensory function.
A variety of tests have been devised to quantify such function, of
which the most commonly used is the nine-hole peg test. They have
some value in routine practice, e.g. monitoring progress in multifo-
cal motor neuropathy with conduction block.

Ventilatory muscles

Severe weakness is evidenced by orthopnoea, dyspnoea at rest,
use of the accessory muscles of ventilation, ability to speak in only
short sentences, and, in extremis, cyanosis. Mild weakness may
be asymptomatic and easily overlooked, yet important to estab-
lish and monitor regularly in rapidly evolving conditions, e.g.
Guillain-Barré syndrome and myasthenic crisis. Chronic noctur-
nal hypoventilation gives rise to excessive daytime sleepiness and
waking with a headache and drowsiness. At the bedside the best
assessment of ventilatory muscle strength is measurement of the
forced vital capacity (FVC). This needs only a simple, relatively
cheap, hand-held spirometer. Devices for measuring peak expira-
tory flow are totally inadequate for assessment of the neuromuscu-
lar patient. As a rule of thumb in an adult, a decline in FVCto 1 L
necessitates urgent anaesthetic review for possible admission to an
intensive care unit, although earlier transfer for rapidly progressing
conditions may also be appropriate.

Many neuromuscular disorders specifically affect the diaphragm,
leading to two important additional physical signs. Normally inspi-
ration leads to the diaphragm descending and the abdominal wall
moving outwards, but with weakness of the diaphragm it is drawn
upwards during inspiration and the abdominal wall moves inwards
(‘abdominal paradox’). More sensitive is a fall in forced FVC on
lying supine compared with when erect. Upon lying, the abdominal
contents push the weak diaphragm cranially and reduce the FVC.
In normal individuals there is some fall, more marked if they are
obese. A fall of more than 10% is likely to be significant, and more
than 20% certainly is.

Abnormal relaxation and movements

The most common form of delayed muscle relaxation is myotonia.
Myotonic dystrophy is the most often encountered cause, and Type
1 is generally much more prevalent than Type 2. Electromyography
may demonstrate myotonia when it is not obvious clinically. Cold
tends to exacerbate myotonia. The classical textbook finding is of grip
myotonia, whereby after shaking the examiner’s hand, or forcefully
gripping the examiner’s fingers, there is delayed relaxation (Fig. 3.9).
This may be severe, taking 10 s or more to achieve full relaxation, but
itis frequently very mild and easily missed, especially as the ‘warm-up’
phenomenon means that it tends to lessen on repeated effort. More
sensitive is the demonstration of percussion myotonia, whereby a
sharp tap with a tendon hammer of the thenar eminence muscles
leads to exaggerated contraction and delayed relaxation (Fig. 3.10).

Muscle stiffness and delayed relaxation are features of severe,
long-standing hypothyroidism, and in adults are associated
with Hoffman syndrome and in children with Kocher-Debré-
Semelainge syndrome. Both are now extremely rare.

Brody’s syndrome, due to sarcoplasmic reticulum ATPase defi-
ciency, is also extremely rare and is characterized by impaired
relaxation after repeated contractions, evidenced by difficulty
opening the hand after repetitive finger flexion.
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Fig. 3.9 Crip myotonia (myotonic dystrophy).

Rippling muscle describes an extraordinary phenomenon of
wave-like contractures traversing a particular muscle. It may occur
spontaneously but is often triggered by either stretching or percus-
sion. The movements are electrically silent and their mechanism is not
fully understood, but is presumed to relate to disordered membrane
function. It was first noted in patients with caveolin mutations, also
associated with limb-girdle muscular dystrophy, but is also seen, even
more rarely, in association with myasthenia gravis and has an immune
basis. Dysfunction of caveolae, membranous lipid rafts associated
with various signalling functions, appears to underlie both forms.

Reflexes

As a general rule reflexes are lost late in the course of myopathies,
when muscle wasting has become evident, and early in the course of
neuropathies, when muscle bulk is still normal, although with some
important exceptions. Reflexes are lost, even in clinically appar-
ently unaffected muscles, in Lambert-Eaton syndrome, but may
reappear transiently after sustained contraction of the muscle. In
acquired demyelinating neuropathies reflexes may be lost over the
course of several hours, and preceding weakness. In the common
inherited neuropathies (e.g. Charcot-Marie-Tooth disease) gener-
alized areflexia is the norm, but in mild cases may be restricted to
the ankle jerks. Curiously, in some patients the ankle jerks are pre-
served even in the presence of significant distal weakness.

Delayed relaxation of a reflex is characteristically associated with
hypothyroidism; although usually considered with respect to the
ankle jerk, it is often more impressive with the supinator jerk.

As well as identifying pathologically brisk reflexes in the limbs,
demonstration of a brisk jaw or facial jerks in the presence of
tongue wasting has important diagnostic value in ALS.

Sensory examination

A distinguished former Oxford Professor of Neurology, Bryan
Matthews, advised against ‘trying to demonstrate sensory signs in
public’ (e.g. at a grand round), which appropriately emphasizes the
inherent difficulties of sensory testing. With respect to the common
sensory modalities of touch, pain, and temperature it is arguable
that as much will be gleaned from the patients description of the
distribution and nature of the sensory disturbance as from examina-
tion. It is common for a patient with an acquired peripheral neurop-
athy to describe sensory dysfunction up to the mid-shins, but then
be able to distinguish light touch and pin-prick sensation in these
regions. Arguably more refined testing techniques may demonstrate
a sensory level, but little more is likely to be revealed. Conversely,
those with inherited neuropathies may present no sensory symp-
toms but have readily demonstrable ‘stocking’ sensory loss.

The history is likely to suggest either a focal peripheral or a gen-
eralized peripheral neuropathy, and thus whether examination is
directed to look for sensory loss in the distribution of a specific
nerve or glove-and-stocking distribution. The history may indi-
rectly suggest disturbance of proprioception or vibration sense, but
these are modalities that must be assessed specifically in all sus-
pected neuropathies. In many cases of Charcot-Marie-Tooth dis-
ease vibration sense is absent below the knees or ankles, but joint
position sense is usually preserved.

Bedside tests of autonomic function are limited in scope and few
centres have access to autonomic function laboratories.

Specific tests of autonomic function must be considered where
there is suspicion, e.g. diabetic, amyloid, and paraneoplastic auto-
nomic neuropathies, and acutely in Guillain-Barré syndrome
where it is a significant cause of mortality. Assessment includes

Fig. 3.10 Percussion myotonia (myotonic dystrophy).



measurement of supine and erect blood pressure and pulse rate, and
beat-to-beat variation on ECG. Sudomotor testing, both electrical
and physiological, is essentially a specialist laboratory activity, but
dysfunction may be readily apparent at a simple observational level.

Conclusion

Whilst history-taking should establish a limited differential
diagnosis, examination should then be used to exclude some of
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those possibilities and add support to others. Each informs the
other, and as further information is gleaned it may be appro-
priate to go back to the history, both personal and family, to
tease out further points. Seeing other family members, rather
than relying on the observation of others, may be extremely
helpful.

Appropriately directed further specialist investigations will be
discussed in the context of specific disorders.

21






SECTION 2

Anterior Horn



