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Preface to the third edition

When Mike Brooke and I did the first edition of Muscle Biopsy in 1973, our main
objective was to bring the application of the newly established enzyme histo-
chemical techniques on rapidly frozen samples, as well as electron microscopy,
to the routine study of muscle biopsies. This was rapidly achieved and within a
few years most laboratories processing muscle biopsies were routinely identify-
ing the basic fibre types and selective pathology in relation to them.

By the time of the second edition in 1985, there had been further major
developments, particularly in relation to the introduction of immunohistochem-
istry and the use of specific antibodies. I was fortunate to have the contribution
of a chapter dedicated to this early application of the technique to muscle pathol-
ogy from Caroline Sewry and Robin Fitzsimmons.

Over the past two decades, there has been a tremendous advance in relation
to the molecular genetic identification of many individual muscle disorders.
Thus, for example, limb-girdle muscular dystrophy, which was initially looked
upon as a single recessive disorder, now has 18 different genetic entities and,
similarly, congenital muscular dystrophy has at least 10. This was also associated
with a further quantum leap in immunohistochemistry and development of
individual antibodies to specific proteins related to these genetic disorders.

This has now become a major player in the armamentarium of diagnosing
neuromuscular disorders and I am extremely pleased that Caroline Sewry has
agreed to come on board as a full co-author of this new edition, which has been
totally revised and restructured. Caroline has been closely associated with the
diagnostic and research activities of the Neuromuscular Unit at Hammersmith
Hospital ever since its inception soon after my appointment to the Chair of Pae-
diatrics in 1973.

We have retained a basic structure of the text, as in the earlier editions,
with a fully comprehensive review of both normal and diseased muscle,
using standard techniques of histology and electron microscopy and also
the specific contributions of enzyme histochemistry, and protein specific
immunohistochemistry.
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The majority of illustrations are now in colour, compared to the black and
white of the previous edition, and the immunohistochemistry is a major compo-
nent of the book.

The molecular genetic advances have brought new clarity to the neuromus-
cular disorders but have also created complexity and some confusion. The same
pathology may be related to different genetic disorders and, conversely, some
genetic disorders may be associated with different clinical syndromes and dif-
ferent pathological features. This has raised controversy as to the appropriate
nomenclature, with the geneticists and biochemists on one hand wanting to
relate the diagnosis to the underlying abnormality, and the pathologists and cli-
nicians on the other hand, wanting to retain some handle of diagnosis still based
on the clinical presentation and pathological picture, which may be the initial
diagnostic features following the patient’s presentation.

The wider use of immunohistochemistry has thrown further light on the
fibre types within muscle and the use of antibodies specific to different isoforms
of fast and slow myosin, as well as neonatal and fetal isoforms, has opened the
way for more specific designation of the fibre type profile within pathological
muscle. This is also providing some insight into the pathogenesis of some of the
disorders.

This is still a rapidly growing and expanding field and the coming years
will undoubtedly see further major advances. Our current aim has been to
provide an up-to-date and comprehensive overview of muscle pathology and to
include clinical and molecular details that are relevant to the pathologist, in order
to provide sufficient understanding and background into the various neuromus-
cular disorders.

Victor Dubowitz
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CHAPTER 1

The procedure of muscle biopsy

Muscle biopsy is a relatively simple procedure; yet in the past it was frequently
poorly done. The pathologist who receives a small fragment of an unnamed
muscle, coiled into a disorientated ball after being dropped into formalin, is
unlikely to get any meaningful information from it, no matter how careful the
processing. With the upsurge of interest in neuromuscular disorders, clinicians
and surgeons are now better informed on the handling of samples. The following
are some guidelines worth following when planning a muscle biopsy.

Selection of the patient

A full clinical assessment of the patient is essential. Diagnosis should always be
based on a detailed clinical and family history, and clinical examination, in
conjunction with any special investigations such as serum enzymes, muscle
imaging and electromyography, and the biopsy looked upon as an additional
confirmatory test of an underlying muscle and/or neural disorder. In general,
the main indication for muscle biopsy is some evidence of neuromuscular disease
such as muscle weakness, muscle cramps or discomfort (especially on exercise)
and muscle fatigue with activity. Pathological change may be found in some
conditions in the absence of any apparent neuromuscular signs, for example
collagen vascular diseases. On the other hand, the muscle biopsy may show no
apparent morphological abnormalities in conditions such as myasthenia gravis
or myotonia congenita in which the clinical diagnosis is more readily confirmed
with electrodiagnostic methods.

With the spectacular advances in the identification of molecular defects,
many clinicians question the need for a muscle biopsy if a defect in a gene can
be identified. In some conditions such as spinal muscular atrophy, myotonic
dystrophy and facioscapulohumeral dystrophy molecular analysis is so reliable
that it can provide a direct confirmation of diagnosis without the need for
a biopsy. Genotype and the results of DNA analysis, however, cannot always
be related to phenotype and there are exceptions to every rule. This is well
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demonstrated in Duchenne muscular dystrophy, in which the molecular defect
may not always correlate with the protein expression seen in the muscle. More
importantly, clinical severity cannot be judged by molecular analysis alone. We
therefore feel that assessment of muscle pathology, with modern techniques, is
an important component of patient assessment.

Selection of the muscle

This should be based on the distribution of the muscle weakness, as judged by
detailed clinical assessment. In selecting the muscle for biopsy, it is important
not to choose either a muscle which is so severely involved by the disease process
that it will be largely replaced by fat or connective tissue and show little recog-
nizable trace of the underlying disease process or, on the other hand, a muscle
which is so little affected that it does not show sufficient change. Differential
involvement of muscle occurs in several disorders and ultrasound imaging is a
simple, quick technique for assessing this (Heckmatt et al 1982, Dubowitz 1995a)
and can help in the selection of the biopsy site. Magnetic resonance imaging
(MRI) of muscle gives superior quality, and patterns associated with individual
diseases are now emerging (Mercuri et al 2005, Jungbluth et al 2004a,b,
Pichiecchio et al 2004) but ultrasound is a rapid and practical method to apply
before a biopsy and can be done in the outpatient clinic.

In general, where the distribution of the weakness is proximal, we select a
moderately affected proximal muscle which is also reasonably accessible, such
as the quadriceps (rectus femoris or vastus lateralis) in the leg or the biceps in
the arm. In other circumstances, the deltoid or gastrocnemius are also suitable
muscles for biopsy. Where weakness is mainly distal, a more distal limb muscle
may be selected, but even in these circumstances biopsy of a proximal muscle
may reveal the underlying pathological process adequately.

In a chronic disease such as muscular dystrophy, a muscle with only moder-
ate weakness may be the ideal site for biopsy. In an acute disease, on the other
hand, because the process has not had time to progress to extensive destruction,
a more severely involved muscle may be chosen. In addition, the biopsy tech-
nique (see below) may influence the choice of muscle. For example with a needle
technique the quadriceps is often considered relatively safe as the muscle is
readily accessible and major nerves and blood vessels lie close to the femur and
are unlikely to be damaged.

There are advantages in trying to limit the biopsies to certain muscles so as
to be familiar with the normal pattern in that particular muscle. It is important
to be aware of anatomical differences between muscles, and be familiar with
possible age-related changes. Thus, the distribution of fibre types and fibre sizes
is well recognized in the biceps and the quadriceps but the pattern may be unfa-
miliar in such muscles as the intercostals, the abdominal muscles or the hand or
foot muscles. In certain circumstances, for example when studying motor end-
plates, the muscle selected will be determined by the particular line of investiga-



