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HISTOPATHOLOGY OF VOLUNTARY
MUSCLE

G. W. PEARCE, Ph.D., M.R.C.S., M.C.Path.
Consultant Neuropathologist, Department of Neuropathology, Newcastle General Hospital.

THE HISTOPATHOLOGY of muscle has been studied
since the latter part of the last century and it
has been particularly profitable when correlated
with clinical and other available data. By this
method the specificity of the various clinical and
histological changes may be determined. Com-
plete uniformity about the value of muscle
biopsy has not yet been achieved and Russell
(1957) points out that biopsy specimens from
patients with neuromuscular disease may be
similar to supposedly normal muscle and that
there is frequently little correlation between the
histological picture and the clinical disability.
This discrepancy between clinical and histo-
logical observations was referred to by Green-
field, Shy, Alvord and Berg (1957) who em-
phasized the non-specificity of many of the find-
ings. Satisfactory normal control material for
the muscles commonly examined and for the
various groups is surprisingly difficult to obtain
and the findings of Pearson (1959) are of
interest for in an examination of nine different
muscles from each of one hundred and ten
routine autopsies he found some type of ab-
normality in fifty-four cases, none of which
were specific, except in three cases showing
changes of trichinosis, metastatic malignancy
and polvarteritis nodosa.

Nevertheless, increasing interest is being given
to muscle pathology as recent publications de-
monstrate, such as that of Walton, 1964. As
knowledge advances there is a better under-
standing of the value of muscle biopsy, not
only for the diagnosis of the different myo-
pathies but also when used in combination
with stains for nerve endings and intramuscular
and peripheral nerves which may reflect the
state of the sninal cord itself. Methods of recent
development such as histochemistry and even
electron microscopy occasionally play an active
part. It cannot be too strongly emphasized
that combined clinical, genetical, chemical,
electromvoornhic and histolopical investiga-
tions of significant cases are of the greatest
practical value and as an example of such an

investigation may be quoted the work on fami-
lial periodic paralysis reported by Shy, Wanko,
Rowley and Engel (1961). Present-day ex-
perience of the muscle biopsy clearly demons-
rates its practical diagnostic value.

Muscle Biopsy
The success of a muscle biopsy is clearly

dependent upon the correct choice of muscle
for biopsy and the correct removal of a suit-
able piece for examination. In general it is
often advisable to biopsy a muscle not too
severely affected clinically especially if the
procedure is to study early changes as in dys-
trophy research in addition to diagnostic
purposes. Pearson 1(1963) made the valuable
point that even within a few months of the
clinical appearance of dystrophy a fairly ad-
vanced stage of the lesion is seen histologically.

Frequently muscle biopsies are taken under
local anesthesia but this can be a most painful
procedure if it is not skilfully performed and
the co-operation of the patient may well be lost
if a further biopsy is ever required. Local
anaesthetic should not be injected into the tissue
which is to be subsequently sectioned. In the
neurological unit of this hospital most patients
and particularly children receive a general an-
aesthetic. A block of muscle of suitable size
is outlined and is isolated by two gently tied
ligatures; the muscle is cut outside the ligatures
and is gently lifted out. The muscle is fixed
in formol calcium and care is taken that the
tissue is not too thick to impair internal fixation.
Paraffin sections are cut of longitudinally and
transversely orientated tissue and are stained
routinely by haematoxylin and eosin and by
van Gieson's and Masson's methods.

If sarcoplasmic basophilia and signs of re-
generation are likely to be a feature of the
biopsy, as are commonly found in dystrophy
and polymyositis, staining by Azur B is carried
out. This technique demonstrates RNA par-
ticularly well and staining is largely abolished
by prior treatment with RNAse. As it is not
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commonly used our method will be stated:--
(1) Rinse sections for half hour in 0.2M

acetate buffer pH 4.0.
(2) Stain half-one hour in 0.1% Azur B

dissolved in the acetate buffer.
(3) Drain and dehydrate in tertiary butanol.
(4) Clear in xylol and mount in D.P.X.
Occasionally, other methods are required and

particularly those for glycogen and the enzyme
phosphorylase. The histochemical demonstra-
tion of acid phosphatase and particularly suc-
cinic dehydrogenase may also provide useful
information and standard techniques are satis-
factory. Histochemical techniques for muscle
are described by Dubowitz and Pearse (1964).
Occasionally, myofibrils need to be studied and
phosphotungstic acid haematoxylin is suitable;
developing myofibrils in regenerating material
can also be demonstrated by this method. If
electron microscopy is needed care should be
taken to sample different areas of the biopsy
to get as representative a picture as possible.
The techniques of muscle biopsy for the study

of intramuscular nerve endings are described
and discussed by Woolf (1962, 1964). Woolf
points out that a "traumatic myositis" may
be caused by preliminary electromyography
and that such areas should be avoided for
histological biopsy. It is often necessary to study
the bundles of peripheral nerve fibres lying
within muscle: most myelin methods are suit-
able such as Loyez and the silver techniques
of Glees and Palmgren have been consistently
reliable.

Aspects of General Muscle Pathology
Muscle fibre reactions to abnormal and

pathological states share many common features
with other cells. Additionally, they demonstrate
unique changes due to features which are them-
selves peculiar to the muscle cell. It is worth
while drawing attention to these before dis-
cussing the various diseases which afflict muscle.
The general pathology of muscle fibres is well
reviewed by Adams, Denny-Brown and Pear-
son (1962), Wright (1963) and Adams (1964).
The most striking feature of the muscle fibre

is its enormous size: they may be fifty to one
hundred t, in diameter and often many centi-
meters in length as in the human sartorius
muscle (Lockhart and Brandt, 1937; Bargmann,
1962). Further, this giant cell may contain
several thousand nuclei in syncytial relation-
ship and we may have the problem of only
part of the cell being injured with the remainder
being intact, a condition known as segmental
necrosis. Wright '(1963) discusses this problem

and refers to it as "lesions of a syncytium".
Regeneration or attempts at regeneration

which are often abortive are found in trauma
and certain diseases such as dystrophy and
polymyositis. Normal muscle development in
the embryo involves the fusion of mononucle-
ate myoblasts into an elongated multinucleate
muscle strap or ribbon with the formation of
myofibrils adjacent to the nuclei. This can
be easily studied by tissue culture experiments,
when the cytoplasm (sarcoplasm) is found to
be intensely basophilic and the nuclei are large
and vesicular with very prominent nucleoli.
Recently, the problems of muscle regeneration
have been analysed by Le Gros Clark (1946)
and by Godman (1957 and 1958). Le Gros
Clark induced ischamia of the lower two thirds
of the rabbit tibialis anterior muscle by arterial
ligation which resulted after some months in
necrotic muscle being replaced by normal
muscle. The new muscle was formed by growth
from the normal upper one third of the muscle.
Godman emphasized similarly that regenera-
tion occurs by sprouting bands of sarcoplasm
from the undamaged parts of the fibres grow-
ing into the persisting sarcolemmal sheath of
the damaged parts. Myofibrils are formed after
the replacement of the sarcoplasm and return
of a localised area of the fibre into an
embryonic-like state. Clearly, apart from any
inherent impositions and limits imposed by
disease, the degree of regeneration will depend
largely upon the intactness of the endomysium
and sarcolemmal tubes; severe disruption will
result in fibrosis of the affected part of the
muscle with consequent prevention of regene-
ration. Wright (1963) points out that the ability
or inability of a muscle to replace lost nuclei
probably imposes an upper limit to the extent
to which any fibre can regenerate and that
normal post-natal growth of muscle fibres
consists of the addition of cytoplasm to the
syncytial mass.
From the above it is clear that the sarco-

lemmal nuclei play a crucial role in the pro-
cedures of regeneration. It is commonly stated
that sarcolemmal nuclei can proliferate in dis-
ease and that multiplication is one of the most
frequently observed changes. It is frequently
believed that division is by amitosis. Other
workers have come to different conclusions; the
problem and literature has been recently dis-
cussed by Wright (1963) who believes and
cogently argues that neither mitosis or amitosis
of the nuclei of a muscle fibre occurs. Mitosis
of normal sarcolemmal nuclei is never observed
and Wright points out that mitosis in multi-
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nucleate cells affects all the nuclei synchron-
ously and it is inconceivable that this could
occur in a muscle fibre. Mononucleate myoblasts
in the embryo and in tissue culture may pro-
liferate by mitosis but once cells have fused
to form a binucleate or multinucleate myoblast
or muscle strap mitotic figures have not been
seen (Pearce, 1964). Similarly, in areas of muscle
fibre regeneration or formation, irrespective of
whether this occurs in experimental situations
or disease, mitosis has not been observed by
the present author in a syncytial multinucleated
cell or even in the mononucleate myoblasts
which occasionally may be seen. However,
there is no reason why mitosis of such mono-
nucleate myoblasts should not occur but such
cells are numerically few in disease afflicated
muscle and hence can contribute but little to
successful regeneration. Nevertheless, Bintliff
and Walker (1960) working with tritiated thy-
midine autoradiography provided some
evidence that a few myoblasts adjacent to an
experimental muscle lesion might divide and
proliferate to some extent by mitosis. However,
when the multinucleate stage of regeneration is
reached there can be no nuclear proliferation
other than by incorporation of other muscle
cells. Further evidence that mitosis or amitosis
of nuclei in regenerating muscle does not occur
was provided by the work of Lash, Holtzer
and Swift (1957) who demonstrated by micro-
spectrophotometry that the DNA content was
of diploid valves. By direct nuclear counts and
32P incorporation experiments Kitiyakara
(1961) explained the apparent sarcolemmal
nuclear proliferation of dystrophic mouse
muscle as being due to an inward migration of
nuclei. Pearce and Walton (1963) and Wright
(1963) concluded that sarcolemmal prolifera-
tion is apparent only and is due to the migration
and movement of adjacent nuclei in a fibre to
the injured or regenerating area with the forma-
tion of nuclear clumps and aggregations rather
than by amitotic or mitotic division.

It is thus possible to summarise by pointing
out that the process of regeneration of a muscle
fibre is similar to foetal development and to its
formation from myoblasts in vitro. Restitution
of a damaged fibre is by a process of "budding"
from the intact extremity of the fibre by the
formation of sarcoplasm and the migration and
incorporation of sarcolemmal nuclei already
existent. Regeneration of embryonal type was
described and studied by Durante (1902) and
by restitution from terminal multinuclear buds
by Volkmann (1892-3). Clearly, regeneration
will be greatly facilitated if the sarcolemmal

sheaths are intact and will be inhibited and
commonly prevented if there is a mass of con-
nective tissue formation. Spindle shaped mono-
nucleate myoblasts are common in experimental
regeneration and in certain disseses. It is pos-
sible that they may proliferate by mitosis but
their fate is uncertain. Theoretically, they could
become incorporated by fusion into a regenera-
ting fibre or they could themselves fuse to-
gether to form a new muscle fibre by a process
similar to that occurring in vitro. Pearce (1963,
1964) described the fusion of mononucleate
spindle myoblasts to form muscle fibres from
explants of regenerating normal adult mouse
muscle cultivated in vitro. However, the role
which such cells play in the regeneration of
muscle in vivo is not known. Among the factors
reducing effective fusion of such cells in dis-
ease states such as dystrophy are the relatively
small numbers of the cells and an inherent
pathological inability of a proportion of the
cells to fuse as demonstrated by tissue culture
experiments (Pearce, 1963, 1964). Denny-Brown
has also stressed the importance of defective
regenerative potentials in dystrophy (Adams,
Denny-Brown and Pearson, 1962). Wright
(1963) points out that as muscle fibre nuclei
cannot divide there must be a time after re-
peated injuries when further regeneration can-
not occur and that "first atrophy and then
disappearance of the fibre are inevitable".
The size of muscle fibres varies according to

such factors as particular muscles, age, dis-
ease, atrophy, work hypertrophy, myopathic
disease and particularly denervation. The pro-
blems of fibre size have been well reviewed by
Adams (1964) under the title "dysvoluminal
myopathies" and this author emphasizes the
importance of the habitual use of a micrometer
eyepiece. The diagnostic problems of child-
hood and especially infantile myopathies are
particularly difficult. It is important to note
that not only does the average fibre size vary
with a particular muscle e.g., ocular muscles
15-20 tu and pelvic and shoulder girdle muscles
70-85 u, but that there is a wide size spectrum
for each muscle. Groups of moderately small
fibres are often of more pathological significance
than single, scattered fibres of extreme small-
ness. Data is given in articles by Wohlfart
(1942), Greenfield and others (1957), Banker,
Victor and Adams (1957) and Sissons (1964).
The muscle fibre is entirely dependent upon

the trophic influence of its innervation. After
four months denervation a muscle has suffered
a 70-80% weight reduction and it has been
calculated that sarcous substance has been re-
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duced to 5-10% of its volume (Adams, 1964).
The histological distribution of the denervated
atrophic fibres depends upon the anatomical
type of denervation e.g., polyneuritis, motor
neurone disease and will be described later.
The final fate of a denervated fibre is not known
in detail but Adams, Denny-Brown and Pearson
(1962) emphasize that there is a reversion to a
foetal-like fibre and ultimately a dystrophic
change is superadded with degenerative changes
and some fibrosis and fat cell replacement.
Muscular Dystrophy

It is now recognised that muscular dystrophyis a primary degenerative disease of skeletal
muscle which is nearly always progressive and
which occurs in the presence of an intact nerve
supply. Most cases can be shown to be geneti-
cally determined with a definite mode of in-
heritance. lit is Stated by Pearson (1963) that
progressive muscular dystrophy is the most
common of all the primary myopathies; it will
be discussed at length in this article because
of its importance and it is at present the subjectof intensive and rewarding research (Walton,
1964). The classical literature has been well
summarised by Adams, Denny-Brown and
Pearson (1962).
Walton (1963) classified muscular dystrophyas follows:-
(1) The "pure" muscular dystrophies.

(a) The Duchenne type muscular dys-
trophy.
Sex-linked recessive variety.
Autosomal recessive variety.(b) Limb-girdle muscular dystrophy.
Autosomal recessive or rarelydominant.
Sporadic variety.

(c) Facio-scapulo-humeral muscular dys-
trophy.
Autosomal dominant (rarely reces-
sive).

(d) Distal muscular dystrophy.
(e) Ocular myopathy.
(f) Congenital muscular dystrophy.(2) Cases with myotonia:
(a) Myotonia congenita.
(b) Dystrophia myotonica.
(c) Paramyotonia congenita.

Pearce and Walton (1962) compared and
contrasted the histopathology of the different
types of muscular dystrophy.

1. Duchenne type dystrophy
The amount of muscle fibre necrosis and

loss in Duchenne-type dystrophy is usually con-

FIG. 1.- Duchenne type dystrophy. The outline of
the transversely sectioned muscle fibres is un-
usually round and there is an abnormally large
diameter difference, many fibres being markedly
atrophic. Numerous fibres containing vacuolar
degeneration are present. X 66

FIG. 2.-Duchenne type dystrophy. Some fibres are
round and hypertrophied and others are
atrophied. Fragments of atrophied fibres lie
enmeshed within a great excess of connective
tissue. X 66

$iderable and this can generally be correlated
with the clinical state of the muscle biopsied.
Occasionally the necrosis is widely spread along
much of the length of the fibre but more com-
monly small areas of segmental necrosis are
found. Necrotic areas are usually associated
with phagocytosis and small histiocytic accumu-
lations. Macrophages occasionally may be
found within the central parts of a transversely
sectioned fibre but generally they are found
at the edges of the affected fibre. Only rarely
is eosinophilic sarcous material seen within
macrophages and it must be admitted that the
method by which degenerated muscle material
is removed is not well understood. However,
the small macrophage and cellular response is
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FIG. 3.-Duchenne type dystrophy. There is a com-
plete loss of striations and most muscle fibres
show hyaline degenerative change. Several areas
of phagocytosis are present. X 86

bound to be related to the slowness and chroni-
city of the disease and this explanation is
supported by the observation that the more
acute and destructive the process the more
prominent is the cellular response. Inflamma-
tory cells also are most unusual and are seen
only in cases of rapid progression; they are
few in number, chiefly lymphocytes and may
be perivascular or adjacent to an area of
destruction.
Muscle fibre hypertrophy is a common find-

ing and is believed to be present in the early
stages of all cases; fibres may occasionally
reach 200-250 ju in diameter. Hypertrophy
occurs early in the disease when clinical weak-
ness is slight and there may then be grouping
of the affected fibres. With progression of the
disease to a moderately advanced stage large
fibres are rare although some sign of hyper-
trophy is usually evident but there is no
evidence of grouping. Atrophic fibres of size
below 25 tj and much less are almost always
found at all stages and are best observed in
transverse sections. Although atrophic fibres
are found in early stages they are more numer-
ous and abundant as the affliction advances.
Atrophic fibres may be mixed with hyper-
trophic fibres producing the characteristic
feature of great variability of fibre size. It
must be emphasized that although in the early
stages of the disease there is a tendency for
hypertrophied fibres to be grouped together the
usual finding is of -fibres of all sizes to be
mixed and even in areas where hypertrophic
fibres are common atrophic ones are usually
found.

Another early change is the transition from
a polygonal to a rounded outline which may

occur early and perhaps precede hypertrophy
so that an increase of volume of the fibre may
be present before there is a diameter increase.
Occasionally, "fibre splitting" occurs so that
each split off fibre is surrounded by sarcolemma
but all parts of the split fibre are enclosed
within the same common endomysial sheath.
Fibre splitting is an early change and it may
represent an incompleteness of the later stages
of foetal development (Adams, Denny-Brown
and Pearson, 1962).

Cross striations are occasionally remarkably
well preserved in both hypertrophied and atro-
phied fibres. Areas of hyaline degeneration are
almost always present in dystrophic muscle
whereas granular and vacuolar degeneration is
relatively rare. It should be noted that "hyaline
degeneration" is frequently not found associated
with other pathological changes and care must
be taken in interpretation to preclude fixation
artefacts.
Nuclear change is constant. Except in the

most advanced case there are localised accumu-
lations of sarcolemmal nuclei which are usually
described as nuclear proliferations (Adams,
Denny-Brown and Pearson, 1962; Pearce and
Walton, 1962). However, as emphasized pre-
viously, such nuclear aggregates are most likely
not localised proliferations involving multi-
plication but are nuclear collections caused by
migration or displacement of existing nuclei.
Many nuclei are small, elongated and intensive-
ly hyperchromatic and tend to be associated
with particularly eosinophilic fibres. Equally
common and often found in the earlier stages
are large, pale, vesicular nuclei which may
have rather prominent nucleoli. They are often
seen in muscle fibres which are apparently
normal morphologically or are only slightly
affected by early localised lesions; they are
rarely found near to old and severe degenera-
tive change. Nuclear chains are also a feature
of a few oases of Duchenne type dystrophy
and were found by Pearce and Walton (1962)
in seven out of thirty-three biopsies. The chains
are shorter than those found in dystrophia
myotonica and are usually of hyperchromatic
nuclei; some are formed of vesicular nuclei
but mixed nuclear chains have not been ob-
served. Occasionally, three or four nuclei lie
end to end and are usually of hyperchromatic
tvpe. Centrally situated nuclei within the muscle
fibres are in excess and obliquely cut sections
not infrequently show that short chains of
nuclei may also be internally placed.

Occasionally, in the early and active stages
of Duchenne type dystrophy, several vesicular
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nuclei of exceptionally large size and contain-
ing prominent nucleoli are found grouped to-
gether. Often such nuclei are surrounded by
sarcoplasmic basophilia; prior treatment with
RNAse largely prevents basophilic staining.
Much less frequently, mononucleate myoblasts
with similar basophilic staining properties are
found. These features are frequently in close
relation to an early and small area of destruc-
tion of a muscle fibre and are interpreted as
attempts at regeneration. Rarely, the basophilia
is granular and vacuolated and contains dark
and pyknotic nuclei and this appearance is
considered to be a degenerative change. The
smaller vesicular nuclei described above are
also probably a regenerative phenomenon.
Pearce and Walton (1962) found sarcoplasmic
basophilia in eight out of thirty-three cases of
Duchenne type dystrophy. There is no evidence
that the regeneration attempts are ever func-
tional or that they contribute effective repair
to a destructive lesion. In the early cases of
dystrophy fat and connective tissue increase
is often only slight but as the disease progresses
it becomes a predominant feature and muscle
fibres in varying stages of atrophy and frag-
mentation lie enmeshed within it and separated
from each other. Occasionally, such small
fragments of muscle fibres retain their cross
striations but generally they are lost and all
that remains are fragments of dead eosinophilic
fibres with dark contracted nuclei. It is not
known whether the connective tissue is a re-
placement fibrosis or whether it is a condensa-
tion of the endomysium and perimysium. It
is of interest that signs of an active fibroblastic
response are minimal and there is never granula-
tion tissue formation. The endomysial connec-
tive tissue which forms a sheath around each
muscle fibre is increased and capillaries con-
tained in this sheath are intimately related to
each fibre and the sarcolemma. Small areas
of segmental necrosis are associated with pro-
liferation of the endomysium and a capillary
can often be seen passing into the affected
muscle fibre accompanied by endomysium when
a suitable method is used such as that of
Masson.
The fat and connective tissue are responsible

for the pale and translucent appearance of the
muscle when cut at autopsy. This has been
likened to fish flesh and was responsible for
the old descriptive terms of "myosclerotic
atrophy" and "lipomatosis myoatrophy". The
fat increase is responsible for the enlarged
calves found in the Duchenne type.

.·· i·.:. :·.·r. '9' '* ..a* ·:·r*-··.s.·.., I .: r,I:I ""I :· :: .:::.f.lfiLr .'.:7i.h· ·3
·-:.,·i...: ::is:i;·:..·i::::-·s.'' ·::L··

r:
+ ....:.."'." *'

FIG. 4.-Limb-girdle dystrophy. Muscle fibres show-
ing varying degrees of atrophy and degeneration
lie embedded in fat and connective tissue. X 66

2. Limb-girdle, facio-scapulo-humeral and
distal muscular dystrophy

Pearce and Walton (1962) studied histologi-
cally nineteen cases of limb-girdle, one case of
distal and four cases of facio-scapulo-humeral
dystrophy. The histological features of all these
types were similar and were influenced little
by sex, age or even by the duration of the
disease. However, clinically less affected cases
may show a milder type of destructive process.
In general, these three "mild restricted adult
forms of dystrophy" (Pearson, 1963) suffer
similar structural alterations but to a lesser
degree than the more active and rapidly pro-
gressive Duchenne cases of childhood. Fre-
quently, the connective tissue is more dense
but fat deposition is less as is the degree of
fibre hypertrophy, and necrosis with phago-
cytosis.

3. Dystrophia Myotonica
Like other dystrophies, enlargement of

muscle fibres is usually present but is not such
a prominent feature as in Duchenne dystrophy
and rarely exceeds 200t,, however, atrophic
fibres are common. On the whole, transverse
striations are frequently remarkably well pre-
served until late stages as pointed out by Adie
and Greenfield (1923); hyaline degeneration is
also frequently found as is necrosis and pha-
gocytosis by macrophages. Heidenhain (1918)
drew attention to cross striated fibrils coiled
transversely round fibres in cases of dystrophia
myotonica. They were well seen in transverse
sections, but diagnostic significance can not be
ascribed to them (Greenfield and others, 1957);
Wohlfart 1(1951) clearly illustrated them and
they were common in his cases of myotonic
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dystrophy. However, Adie and Greenfield
(1923) did not observe them in their cases and
Pearce and Walton (1962) found only one
possible example in eleven cases and none
has been seen subsequently in our material.
It is likely, therefore, that such fibrils are not
as diagnostically important as is sometimes
believed.
The nuclei exhibited the most striking

changes in myotonic dystrophy. In all cases,
nuclear chains were common, were frequently
centrally situated within the fibres and were
often of considerable length. The nuclei of
any chain were restricted strictly to one type
and tended to be hyperchromatic rather than
vesicular and were occasionally square or
rectangular rather than oval. The nuclei usually
lay in contact with each other but sometimes
they were separated by an interval of less than
the diameter of a nucleus (nuclear rowing)
and then they were stained more lightly than
when in contact with each other. A noteworthy
observation is the complete absence of sarco-
plasmic basophilia in the eleven cases studied
by Pearce and Walton (1962) and the small
number of vesicular nuclei containing pro-
minent nucleoli. This finding indicates a very
low regenerative potential in dystrophia myo-
tonica and is an important difference between
this disease and the other dystrophies especially
Duchenne type. Other differences are that in
dystrophia myotonica hypertrophy is slight
to moderate, nuclear chains are frequently
very long and more common and their nuclei
are more often hyperchromatic and centrally
situated.

It is thus clear that there are no real diag-
nostic differences between the non-myotonic
dystrophies but that there are very considerable
differences between them and dystrophia myo-
tonica and perhaps the most significant and
interesting is the lack of regenerative ability in
the latter disease.

4. Ocular myopathy
This form of dystrophy which occurs chieflyfrom infancy to middle age is largely restricted

to the levators of the eyelids and the external
ocular muscles producing ptosis and ophthal-
moplegia but occasionally facial, cervical and
shoulder muscles may be involved as well.
Kiloh and Nevin (1951), Beckett and Netsky(1953) and Pearson (1963) have recently dis-
cussed the problem. The changes reported
are those of a mild dystrophy elsewhere and
consist of a considerable variation of fibre

FIG. 5.-Ocular dystrophy (levator palpebrae superi-oris). The muscle fibres are considerably frag-mented and atrophied and most show hyalinedegeneration. There is a large infiltration of
fat and connective tissue. X 66

size due to hypertrophied and atrophied fibres,
degenerative changes within muscle fibres and
an increase of fat and connective tissue. The
small amount of material in this departmentshows similar changes.
The Carrier State of Muscular Dystrophy
For several years attempts have been made

to find an accurate method of identifyingfemale carriers of the sex-linked recessive generesponsible for the severe Duchenne type of
muscular dystrophy. Recent studies such as
those of Pearce, Pennington and Walton (1964)have shown that in about two thirds of all
known female carriers the creatine kinase level
in the serum is consistently raised above normal.
The electromyogram of certain female carriers
showed myopathic changes (Van den Bosch,
1963; Barwick, 1963) and it was thought that
histological alterations might also be demonst-
rated. From the point of genetic councillingthe matter is clearly of great importance to a
mother. Pearce, Pearce and Walton (1965)studied muscle biopsies from eight such carriers
and four of these showed histopathologicalchanges of a type associated with dystrophyand the other four had changes of non-specific
type. The abnormalities found were segmentalnecrosis and phagocytosis, hypertrophy and
atrophy of muscle fibres, nuclear chain forma-
tion and regenerative phenomenon especiallysarcoplasmic basophilia and large vesicular
nuclei with prominent nucleoli. Some fattyinfiltration and connective tissue increase was
also noted. Similar findings have been reportedby Pearson (1963), Dubowitz (1963), Emery(1964). Emery showed that muscle obtained
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PEARCE: Histopathology of Voluntary Muscle

FIG. 6.-Preclinical Duchenne dystrophy. Most of
the muscle fibres have no significant abnormality
but three fibres forming a discrete group show
sarcoplasmic basophilia and contain large vesi-
cular nuclei with prominent nucleoli. The baso-
philia and nuclear change is interpreted as an
attempt at regeneration. X 422

from female carriers showed a foetal pattern of
lactic dehydrogenase isoenzymes similar to that
observed on electrophoresis in established cases
of muscular dystrophy.

Pearce, Pearce and Walton (1965) gave special
attention to the localisation and grouping of the
histopathological abnormalities. Muscle fibres
with size abnormalities tended to form small
localised groups; necrosis was frequently seg-
mental involving sometimes only a part of one
fibre, and basophilia with large vesicular nuclei
were also very localised as were nuclear chains.
All abnormal features were localised to a very
small area of a section irrespective of whether
they occurred singly or in combination and
were always separated by large areas of
apparently normal muscle fibres.

Thus, it is clear that only a relatively small
number of the muscle fibres of the female
carriers are abnormal when examined by routine
methods and that the degree of abnormality
is very considerably smaller than in an estab-
lished case. Lyon (1961, 1962) suggested that
in a proportion of cells in the female there is
an inactivation of one of the X-chromosomes
early in development and that either of the two
female X-chromosomes may be affected. If
this hypothesis is applied to the carrier state
of dystrophy and if the chromosome bearing
a dystrophic gene is inactive a population of
normal muscle cells will occur, but 'f the non-
dystrophic X-chromosome is inactivated the
cells produced will be dystrophic. Thus, the
Lyon hypothesis makes comprehensible the
patchy affection of the muscle and the "mosaic"

'·.. . :..:...-. ..

FIG. 7.-Polymyositis. A large collection of lympho-cytes is present associated with atrophy and
degeneration of the adjacent muscle fimbres. Other
fibres show no significant abnormality. X 70

appearance of the histopathological changesfound in the eight carriers.
Pearce (1963, 1964) reported that myoblastsfrom adult dystrophic mouse muscle in tissue

culture showed pathological features of nuclei
and cytoplasm which were related to the dys-trophic abnormality and only a proportion of
myoblasts of any culture were affected. Multi-
nucleate myoblasts in dystrophic cultures were
less in number than in control cultures from
normal muscle and it was suggested that certain
cells of the dystrophic cultures had lost the
property of fusion with similarly affected cells
or with normal cells: this would reduce the
number of fibres in each individual muscle.
This work also demonstrated that the dystrophic
process can express itself at the earliest stageof development. Clearly, if a dystrophic genehas not expressed itself at a primitive myoblast
or muscle strap stage it may do so later after
full differentiation has occurred and hence seg-mental necrosis or other change may be localised
to single fibres or small groups of a few fibres
forming a mosaic pattern. The tissue culture
findings thus support the Lyon hypothesis and
its application to muscular dystrophy on a
cytological basis. The original papers will have
to be consulted for further details.
Polymyositis

Polymyositis has been reviewed extensivelyand described by Walton and Adams (1958),
Barwick and Walton (1963) and Pearson (1954).It is clear that all classifications are unsatisfact-
ory and Shy (1962) emphasizes the need to
specify the aetiological factors of each case
especially in late life. However, sometimes the
aetiology of the associated conditions is fre-
quently insecure such as that of Sjogren's dis-
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FIG. 8.-Polymyositis. Severe necrosis and loss of
muscle fibres has occurred with fat and con-
nective tissue replacement. Scattered lympho-
cytes are found and a few are perivascular.
X 66

ease and sarcoid. A descriptive morbid
anatomical basis is equally inadequate. The
classification of Walton and Adams (1958) is
entirely clinical and is justified by practical
utility and absence of a more scientific alter-
native. Barwick and Walton (1963) emphasize
that neither myoglobinuria or any single patho-
logical abnormality is sufficient to identify cases
which are nosologically different.
Group I: Acute polymyositis with myoglob-

inuria and subacute and chronic forms in all
ages.
Group II: Polymyositis with predominant

muscle weakness associated with evidence of
collagen disease.
Group III: Polymyositis complicating severe

collagen disease.
Group IV: Polymyositis complicating malign-
ant disease.

Pearson (1964) uses a somewhat similar
clinical classification designed to indicate prog-
nosis and likelihood of therapeutic success with
corticosteroids and he makes the practical point
that muscles chosen for biopsy in polymyositis
should be neither profoundly weakened and
atrophic nor of normal strength and a proximal
muscle is frequently to be preferred. Pearson
also emphasizes that the histopathology of
polymyositis is remarkably variable and that
inflammatory cellular infiltrates are notably
absent when the clinical picture is typical and
this is the general experience of pathologists
experienced in muscle disease. Muscle biopsies
were obtained in thirty-two patients of the
series reported by Barwick and Walton (1963);
nineteen of these were abnormal of which
fifteen were characteristic of polymyositis.

Idiopathic Polymyositis
Widespread degenerative changes in the

muscle fibres are one of the most common
findings in the acute phases of the disease.
Segments of a fibre become eosinophilic and
hyalinised and cross striations are lost. Severe
destruction is followed by macrophage phago-
cytosis of the affected segment of the fibre.
Vacuolar and granular degeneration is a fre-
quent finding. The sarcolemmal nuclei are
hyperchromatic and pylnotic and clumped
together.

Regeneration is a most constant feature and
is identified by sarcoplasmic basophilia and
large vesicular nuclei containing prominent
nucleoli. These signs of regeneration
may be found alone and without other
visible damage or they may be reactive
to an already necrotic fibre segment under-
going phagocytosis. Relatively long stretches
of fibres may be basophilic and not
infrequently these fibres are of small diameter.
Pearson (1964) believes that regeneration is
effective and contributes to the return of func-
tion of the muscle on recovery. Hypertrophic
fibres are rarely found but atrophic segments
are common and it must be stressed that occa-
sional fields may show a considerable variation
in fibre size which may be diagnostically
confusing.

Inflammatory cells may be absent, scattered
or present in large areas and densely packed;
multiple foci are usually found. The cells are
usually lymphocytes but plasma cells and
polymorphs are unusual. The foci may be
perivascular but are frequently unassociated
with vessels and may involve degenerating
muscle fibres. Macrophages are usually found
in relation to the degenerating fibres. Concent-
rated foci of lymphocytes may be absent and
instead the cells are scattered among the muscle
fibres within an increase of interstitial connective
tissue.

It will be realised that many of the findings
described above are common to both dystrophy
and polymyositis and not infrequently their
histological differentiation is difficult. Although
a few small foci and scattered inflammatory
cells may rarely be seen in the acute childhood
Duchenne dystrophy they are never found as in
polymyositis. However, where cellular infiltrates
are absent and especially in late or chronic
cases of polymyositis (chronic myositis fibrosa)
histology alone cannot make a diagnosis which
must, therefore, depend upon the correlated
clinical, genetic, biochemcial and electromyo-
graphic evidence (Pearce and Walton, 1962).

302 June, 1965
copyright.

 on M
ay 17, 2023 by guest. P

rotected by
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.41.476.294 on 1 June 1965. D
ow

nloaded from
 

http://pmj.bmj.com/


PEARCE: Histopathology of Voluntary Muscle

An acute form of polymyositis may occur
particularly in children and biopsy reveals an
extensive necrotising myolysis with interstitial
oedema and a sparse inflammatory cell in-
filtrate. The urine is dark brown due to the
excretion of myoglobin. This condition is
usually referred to as "acute myolysis".
Related Types of Polymyositis
Carcinomatous Myopathy
The classification of polymyositis given by

Walton and Adams (1958) includes its associa-
tion with malignant disease. Arundell, Wilkinson
and Haserick (1960) postulated that half the
men over forty years of age who develop
dermatomyositis will subsequently show evid-
ence of neoplasia. Shy (1962) gave an even
worse prognosis and Pearson (1964) showed
that dermatomyositis may precede the de-
tection of a tumour by two or three years and
that it may not be found until autopsy. Usually
the neoplasm is a carcinoma and in Brain and
Henson's (1958) series 75% were bronchogenic
carcinomas but ovary, prostate, rectum, breast,
uterus, thyroid and oesophagus have been im-
plicated (Henson, 1964). Other organs have
also been involved including the reticulo-
endothelial system (Rowland, Hoeffer, Aranow,
and Merritt, 1956).

Histologically, the muscle changes are dis-
appointing, slight and out of proportion to the
muscular disability suffered. Segmental hyaline
degeneration and to a lesser extent necrosis
with some phagocytosis is found together with
scattered atrophic fibres. Hypertrophy of
muscle fibres is absent as is lymphocytic in-
filtration and signs of regeneration such as
sarcoplasmic basophilia with large vesicular
nuclei. The sarcolemmal nuclei tend to be
hyperchromatic.
The primary aetiological factor is likely to

be a hypersensitivity state to the tumour and
may be similar to the association of subacute
cerebellar atrophy with bronchogenic carcinoma.
Skin sensitivities to breast (Grace and Dao,
1959) and lung (Curtis, Heckaman and Wheeler,
1961) carcinomas associated with dermatomyo-
sitis have been reported. Immuno-histological
procedures are particularly likely to advance
knowledge on the aetiological mechanisms.
Related Conditions
(a) Sjogren's Syndrome

Sj6gren's syndrome is not infrequentlyassociated with polymyositis and forms Type 6
of Pearson's (1964) classification of polymyositis
and he describes a typical case in this paper.Histologically the affected muscle is infiltrated

by plasma cells and lymphocytes and the muscle
fibres are fragmented and show segmental
hyalination and degenerative change. Sjogren's
disease bears some resemblance to Hashimoto's
disease and the common occurrence of rheu-
matoid arthritis and less frequently polyarteritis
nodosa suggests the possibility that an autoim-
mune mechanism may be active.
(b) Sarcoidosis

Sarcoidosis may affect muscle as much as
many other tissues and the lesions are similar.
Sarcoid myositis has been reviewed recently by
Phillips and Phillips (1956), Wallace, Lattes,
Malia and Ragan (1958) and Crompton and
MacDermot (1961). The histological appearance
is of discrete nodules formed of histiocytes and
epithelioid cells with a few plasma and mast
cells lying within the interfascicular connective
tissue. Giant Langhan's-type cells may be
present but caseation is never found. Lym-
phocytes may be scattered among the muscle
fibres which themselves may show irregular
degenerative changes. If peripheral nerves are
involved it is possible that an associated muscle
fibre atrophy will be present. There should be
little trouble in differentiating the disease from
polymyositis of other causes but tubercle will
need to be excluded.
(c) Interstitial Nodular Polymyositis

It has been known for many years that focal
and diffuse collections of chronic inflammatorycells may occur in muscle with disease of
connective tissue type particularly systemic
lupus, erythematosis, rheumatoid arthritis,
scleroderma and acute rheumatic fever. Anymuscle may be involved and Pearson (1964)
emphasises that the various disease states do
not show any reliable differential characteristics
in the affected muscles. The lymphocyticcollections may be large and Adams, Denny-Brown and Pearson (1962) emphasize that the
so-called lymphorrhage are not specific for
myasthenia gravis. Degenerative changes of
muscle fibres with frank necrosis and phagocy-tosis and a connective tissue increase are not
unusual. Adams, Denny-Brown and Pearson
(1962) distinguish "lymphocytosis of muscle"
from "interstitial myositis" where there are
definite destructive changes in the muscle fibres
as well as lymphocytic infiltration. The cellular
collections of polymyositis are thus by no means
specific and neither are the other changes such
as those of the muscle fibres themselves or of
the interfascicular connective tissue.
(d) Lupus Erythematosus
Muscle changes are not uncommon in lupus
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erythematosis and frequently are identical with
those described under the term interstitial
nodular myositis. Degenerative changes in the
muscle fibres with focal areas of necrosis and
phagocytosis are often seen. Regenerative
phenomenon indistinguishable from that of
polymyositis are also occasionally present as are
signs suggestive of infarction when macrophages
may contain blood pigment. In the case in our
collection and those in the material of Adams,
Denny-Brown and Pearson (1962) fibrinoid
material could not be demonstrated.

Pearson and Yamazaki (1958) found
"hydropic vacuoles" containing either a clear
or a fine eosinophilic precipitate within the
fibres and the vacuoles were always associated
with plump and clear sarcolemmal nuclei.

(e) Polyarteritis Nodosa
The characteristic arterial lesions with

changes in the muscle fibres are a common
feature of polyarteritis nodosa and consequently
muscles are commonly biopsied for diagnostic
histological confirmation even if the only
presenting features are those of hypertension.
If possible, a clinically affected muscle such
as one demonstrating tenderness should be
chosen for biopsy. The peripheral nerves
supplying the muscles are also involved in many
cases and thus sensory symptoms as well as
muscle weakness or paralysis with loss of
reflexes may be found.

Histologically, there is a necrotising arteritis
involving all layers of the walls of small and
medium sized vessels with an intense acute
inflammatory reaction of the vessel and adjacent
structures. Thrombus formation generally super-
venes but not infrequently aneurysmal dilation
of the artery occurs and even haemorrhage may
follow. Granulation tissue formation and
fibrosis are terminal results. While the arterial
picture is characteristic and specific the actual
changes of the muscle fibres themselves are
not. The muscle fibre changes when severe are
chiefly those of infarction or ischaemic necrosis
and depend upon the size and distribution of
the vessel blocked. The fibres swell, become
hyalinised and eosinophilic with shrinkage of
the sarcolemmal nuclei. The fibres later dis-
integrate with subsequent connective tissue
formation. Involvement of the motor nerves
will produce the characteristic atrophy of
denervation.

Miscellaneous Myopathies
1. Familial Periodic Paralysis
The characteristic lesions of familial periodic

paralysis are found during paralytic phases and
consist of vacuoles within the muscle fibres
which may occupy half the width of the fibre
but are generally about 10 fA. The myofibrils
are displaced around the vacuoles which may
contain a fine precipitate possibly related to
glycogen. Small areas of necrosis may be
present (Gruner and Porte, 1959) and may be
found during the non-paralytic phases when
the vacuoles are then absent or very scarce.
The increase of intracellular water found during
the period of paralysis is responsible both for
the paralysis and the formation of vacuoles.
A similar histological picture is said to be

present in the paralysis accompanying hyperal-
dosteronism and also in the normokalaemic
variety of familial periodic paralysis described
by Tyler, Stephens, Gunn and Perkoff (1951).
The present writer found a similar picture in
the normokalaemic case of Poskanzer and Kerr
(1961) with large vesicles derived from
sarcotubular dilatation as demonstrated by
electron microscopy.
2. Glycogen Storage Disease

Five types of glycogen storage disease affect
striated muscle in varying degree and are well
categorised by the researches of the Cori's
(1957). They are due to deficiencies or absence
of glucose-6-phosphatase, branching and de-
branching enzymes and phosphorylase.

Histologically, the principle change is a
vacuolation of the muscle fibres which may be
sufficiently severe to largely replace other
sarcous material. The vacuoles are clear or may
contain a pale granular material when stained
by haematoxylin and eosin but which give a
positive reaction for glycogen with specific
methods such as Best's carmine. Greatly
distended muscle fibres may lie adjacent to
relatively normal ones. The glycogen is res-
tricted to the inside of the muscle fibres.

3. McArdle's Myopathy
McArdle's phosphorylase deficient myopathy

was first described in 1951 and chiefly affects
young adults who show a rapid fatigue of
exercised muscles which may be painful. After
exercise the muscles remain firm and partially
shortened for a few minutes. There is no rise
in serum lactate or pyruvate after exercise.
The muscle contains an excess of glycogen and
histochemical examination shows an absence
of phosphorylase. Histological examination
demonstrates large areas of granular material
presumably glycogen stained by P.A.S. and
Best's methods lying under the sarcolemma or
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FIG. 9.-Peroneal muscular atrophy. The denervated
muscle fibres form a compact group among
normal fibres. Note that the sarcolemmal nuclei
of the atrophic fibres are displaced together to
form clumps. This picture of grouped atrophy
is found in such diseases as progressive muscular
atrophy and Werdnig-Hoffmann's disease. X 169

more diffusely distributed in excess throughout
the affected fibres. The disease is discussed
further by Schmid and Mahler (1959), and
Mommaerts, Illingworth, Pearson, Guillory and
Serayarian (1959).
Denervation Atrophy
Spinal Muscular Atrophy

This term implies that the muscles are
atrophic due to loss of innervation consequent
upon anterior horn cell disease or destruction
and clearly this can be due to conditions such
as syringomyelia, tumour, trauma and other
lesions and particularly poliomyelitis. The
group of afflictions termed motor neurone
disease comprise a primary degeneration of the
motor neurones of the anterior horns and lower
brain stem with varying degrees of cerebro-
spinal tract demyelination.
The histological distribution and appearance

of the muscular atrophy varies with the disease
type and its duration.

Motor Neurone Disease
Motor neurone disease usually appears in

the fifth and sixth decades and is divided into
three types: (a) Progressive Spinal Muscular
Atrophy which usually afflicts the hand muscles
first and subsequently progresses to involve the
other muscle groups of the body, (b) Progressive
Bulbar Palsy in which bulbar muscles are first
affected and (c) Amyotrophic Lateral Sclerosis.
All three types are associated with lateral tract
sclerosis but chiefly amyotrophic lateral
sclerosis and hence this disease system is
occasionally called "motor system disease".

Distal muscles tend to be more severely
affected than proximal ones. The denervation
causes atrophy of muscle fibres according to
involvement of the motor neurones and the
early stages show small groups of atrophic
fibres lying within large areas of normal fibres
suggesting that only a few anterior horn cells
have been affected. The degree of atrophy
varies and the size difference between the
atrophic fibres in the early stages of the process
is greater than that between the normal fibres
and this great size variation is believed to
reflect different rates or degrees of anterior
horn cell loss. As the disease progresses the
areas of atrophied fibres are larger and their
size more uniform due to less variation among
themselves. It must be emphasized that
although the fibre size variation in each group
is more constant in the more advanced stages
of the disease there is usually considerable
variation between the different groups of
atrophied fibres. The sharp, discrete grouping
of atrophic and normal fibres is a most
characteristic feature. The rate of atrophy is
relatively quick at first and after the transverse
diameter reaches 10-15 u progress is slower and
becomes almost stationery at 5 /. The fibres
become more rounded in outline and their
nuclei shrink and become hyperchromatic. The
appearance of a nuclear increase is apparent
and not real and is due to the shrinkage of the
muscle fibres with loss of sarcoplasm. They
retain their peripheral, subsarcolemmal position
and do not become internally situated as they
may in dystrophy. The connective tissue and
fat increase is usually only slight. Engel (1961,
1962) describes so-called "target muscle cells"
in muscle from cases of denervation which in
transversely sectioned tissue have a dark inner
core surrounded by a slightly lighter zone
consisting of compactly arranged myofibrils.
This might be a significant starting point for
research into the early changes of denervation
atrophy.

Werdnig-Hoffmann's Disease
Werdnig-Hoffmann's disease or infantile

spinal muscular atrophy is usually manifest
between birth and six months, it is progressive
and few patients survive the first few years
of life although very rare and unusual cases
may reach early adult life with severe muscular
atrophy, limb contracture and spinal deformity
(Walton, 1956). The disease is inherited as an
autosomal recessive without sex linkage and
the proximal muscles tend to be affected first.
Kugelberg and Welander (1956) described
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FIG. 10.-Poliomyelitis. The denervated fibres of this
long standing case are in extreme atrophy and
lie within a large increase of fat and connective
tissue. X 66

twelve children in six families who clinically
appeared to be suffering from a myopathy
disease resembling dystrophy. It was inherited
as an autosomal recessive and commenced at
a later age than Werdnig-Hoffmann's disease.
Histology and electromyography of such cases
showed that the primary condition was of the
lower motor neurone and hence it may be
called pseudomyopathic spinal muscular
atrophy. The histological picture is similar to
the adult form of motor neurone disease and
grouped atrophy of denervation is the diagnostic
and most prominent feature. Of interest is the
fact that the denervated fibres are commonly
rather smaller than those of the adult disease
and in advanced cases may be even less than
5 ut. It is surprising that even in the infant a
few hypertrophied fibres may be found in the
unaffected areas.

Acute Anterior Poliomyelitis
As in the spinal muscular atrophies, the

paralysis and histological atrophy of the muscle
fibres is secondary to anterior horn loss of
motor neurones and it is upon this that the
severity and extent of the muscle damage
depends. There is no evidence that the virus
of poliomyelitis ever directly attacks the muscle
fibres as do the coxsackie viruses but acute
necrotic changes in muscle have been ascribed
to a combined attack by both polio and
coxsackie groups of viruses. Lymphocytic or
histiocytic infiltration is slight and rare and
is never due to the poliomyelitis virus directly.
The muscle shows the grouped atrophy of

denervation with considerable variation in the
size of the fibres of the atrophic groups in the

first few months after onset of the disease.
After six months of paralysis typical rows
of dark sarcolemmal nuclei are found although
many atrophied fibres will present a more
normal and intact appearance and may even
be striated. The chronic condition is associated
with much fat replacement but many severely
atrophic fibres will persist even after several
years.
Changes in the nerves and motor end plates

occur early and there is some evidence that
neurites from intact nerve fibres may attempt
to reinnervate paralysed muscle fibres.

Polyneuropathy
The classification of the polyneuropathies is

generally into acute and chronic forms. The
terms neuritis and polyneuritis are frequently
used but signs of inflammation are lacking
except perhaps in leprosy but even here the
actual degenerative nerve fibre lesion is likely
to be ischaemic.
The pathological pattern of the muscle is a

denervation atrophy similar to that of spinal
muscular atrophy and will vary according to the
age of the lesion. Within the first three weeks
there are no specific changes but later atrophy
can be detected. The appearance of the grouped
atrophy will vary according to the duration
of the lesion in the actual nerve fibres involved
and if groups of nerve fibres have been affected
at different times there will be varying degrees
of atrophy. It is commonly found that most
muscle fibres are in the same stage of atrophy
giving a uniform picture of denervation.
Regenerative attempts are not seen in the
spinal atrophies but may be a feature of poly-
neuritis following re-innervation of the muscle
fibres. As in motor neurone disease a few
normal fibres may hypertrophy and probably
a few re-innervated fibres also. Adams,
Denny-Brown and Pearson (1962) point out
that this wide size spectrum may resemble
dystrophy and cause diagnostic confusion but
the other histological features of dystrophy
should avoid an error.

Acute Polyneuropathy
(a) Acute "infective" polyneuritis
Acute "infective" polyneuritis or Guillain-'

Barre syndrome, an ascending flaccid motor
paralysis, is associated with high C.S.F. protein
levels and extensive demyelination of peripheral
nerves and changes in the posterior root and
symphathetic ganglia. It is likely to be due to
a hypersensitivity reaction; organisms have not
been isolated and it may follow a variety of
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infections. Miller, Stanton and Gibbons (1956)
showed that a similar neuropathy may follow
serum sickness or acute virus infections. Specific
changes are not found in the muscle fibres
which may be swollen after a few days
with even areas of segmental necrosis. Myelin
fragmentation of the intramuscular nerves is
present and a few chronic inflammatory cells
may surround the nerve fibres; few may
be perivenous in addition. It is only after one
month that neurogenic atrophy can be
determined.

(b) Alcoholic polyneuropathy
Alcoholic polyneuropathy like that of beri-

beri is an avitaminosis manifestation. Dener-
vation atrophy with typical grouping is present
in most muscles where weakness is evident and
of at least one month's duration; it is never
so profound as in the spinal muscular atrophies.
(c) Porphyric and toxic polyneuropathy

Porphyric and toxic polyneuropathies such
as that caused by arsenic may result in dener-
vation atrophy if of sufficient duration.

Chronic Neuropathies
The muscle fibre atrophy in the chronic

neuropathies is more profound than in the
acute conditions due to the increased length
of time available for atrophy to occur after
denervation.

(a) Diabetic neuropathy
The classification of diabetic neuropathy is

difficult; Earl (1964) divides the condition into
three classes (a) diabetic amyotrophy, (b)
generalised diabetic neuropathy and (c) mono-
neuropathy.

Diabetic amyotrophy was first described by
Garland and Tavener (1953) and a full des-
cription with pathological histology was given
by Garland in 1957. The condition is a motor
weakness without sensory deficit starting in the
pelvic girdle and thigh muscles and is reversible.
The plantar response is initially extensor and
later changes to flexor with treatment. The
lesions could result from degenerative changes
in the spinal cord, roots, peripheral nerves or
muscles. It may be due to an abnormal result
of carbohydrate metabolism but the published
photomicrographs suggest that the muscle fibre
atrophy is at least partly neurogenic and that
the atrophy is of different durations and
indicative of a progression of neurone or
peripheral nerve lesions.

Bosanquet and Hensen (1957) describe a

case of generalised diabetic neuropathy where
the severe sensory disturbances were unaccom-
panied by loss of motor function. It is generally
considered that isolated diabetic mononeuro-
pathy is vascular and ischaemic in origin.
However Greenbaum (1964) analysed eighty
cases of diabetic neuropathy with a variety of
clinical symptomatology and concluded that
diabetic neuropathy cannot be separated into
clinical syndromes and that it is caused by a
reversible metabolic defect produced by in-
adequate treatment of the diabetes. Greenbaum,
Richardson, Salmon and Urich (1964) studied
pathologically six cases of diabetic neuropathy
and found that there was an ischaemic patho-
genesis in all cases and hence believe that the
condition is a pathologically homogenous entity.
(b) Amyloid neuropathy and myopathy
Although the distinction between primary

and secondary amyloidosis is questioned it is
usually stated that amyloid neuropathy is a
not infrequent accompaniment of primary
amyloidosis and that it may be an "inborn
error of metabolism". The disease was well
described by Kernohan and Woltman (1942);
amyloid-staining material is deposited within
the substance of large nerves displacing the
nerve fibres and in the dorsal root ganglia and
is partly related to the blood vessels. Apart
from the peripheral nerves, amyloid is found
within the muscle connective tissues separating
individual muscle fibres and occasionally
apparently replacing them. Denervation atrophy
of muscle is also found and is due to the
peripheral neuropathy.
(c) Chronic hereditary neuropathies

Peroneal muscular atrophy (Charcot-Marie-
Tooth's disease) is a heredo-familial disease
with a mode of inheritance which may be
dominant, sex-linred recessive or simple
recessive. The pathological changes involve the
peripheral nerves, roots, spinal ganglia and
posterior columns. Most authorities are agreed
that the principal muscle change is a dener-
vation atrophy in which the degree of atrophy
may be severe with many of the fibres being
reduced to mere threads (Brodal and Refsum,
1942). An occasional hypertrophic fibre may
be found and a few normal fibres are sometimes
mixed within the atrophic groups, a feature
perhaps explained by the overlapping of motor
units. Degenerative changes within the muscle
fibres may also be seen although they are
unusual. It may be emphasized that these
changes should not be interpreted as a
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dystrophy in the sense of a progressive muscular
dystrophy for the degenerative signs may be
accounted for by the prolonged period of
denervation. When the atrophic process due to
denervation is fully established and completed
the final disintegration of the fibre is likely to
be a slow degenerative process which may
take many years to complete. In common with
other denervations there may be a slight con-
nective tissue increase but rarely is even a slight
fibroblastic reaction visible.
Familial interstitial hypertrophic polyneuro-

pathy causes a mixed neural symptomatology
and the denervation atrophy of muscle fibres
is in no way different from any other neural
atrophy.
Refsum's syndrome should be classified with

the hereditary ataxias and its polyneuropathy
component is another cause of neural muscular
atrophy.
Any student of neuropathy and neural

atrophy of muscle must not omit to read the
reviews of Simpson (1962, 1964).

Hypoplasia of Muscle
Hypoplasia of muscle is described under

various names and among the most common
are amyotonia congenita of Oppenheim and
benign congenital hypotonia of Walton. The
condition is discussed by Walton, Geschwind
and Simpson (1956) and Walton (1957). The
importance of diagnosis is great for many of
these children have a good prognosis. Histo-
logically, the muscle fibres are normal apart
from being small and having an excessive
uniform fibre size spectrum with a reduction
of the normal variation of diameter usually
found among the different fibres. There are
no signs of the grouped atrophy of denervation.
Further histological details are given by Coers
and Pelc (1954) who found abnormal end
plates and by Shy and Magee (1956) who
described aberrant myofibrils in the centre of
the fibres. It appears likely that there is a
neuromuscular abnormality of varying severity
and that some growth or maturation factor is
missing. Rather similar muscles may be found
in other conditions such as Werner's disease
and mongolism. Neuromuscular disorders in
infancy are reviewed by Tizard (1964).

Myasthenia Gravis
Myasthenia gravis and related syndromes

have recently been fully reviewed by Simpson
(1964). Myasthenia gravis is a specific muscular
disease with weakness of voluntary muscles
following activity, with a tendency to recover

FIG. 11.-Myasthenia gravis. Two lymphorrhages
are present and a few lymphocytes are scattered
throughout the tissue between the muscle fibres
which show a considerable amount of atrophy
and necrosis. X 66

;:I:: .:. ............ !::' :::..... ...'(....'

FIG. 12.-Myasthenia gravis. This is from the same
case as Figure 11 and shows grouped atrophy of
denervation. This is a most unusual finding in
myasthenia gravis. X 66

after inactivity and usually responding to
anticholinesterase drugs. The muscles parti-
cularly involved are those subserving ocular
movements, facial expression, mastication,
swallowing and respiration but limb and trunk
muscles are also frequently affected. Myasthenia
is associated with a thymic tumour in 10-20%
of cases (Simpson, 1958) and it is also stated
that thymectomy is less successful than in
non-tumour cases. Castleman and Norris
(1949) found that lymphoid germinal centres
within the medulla are more frequent than
actual thymomas which usually have the
character of a lymphoepithelioma and are
generally benign. The pathology of thymomas
is reviewed by Iverson (1956). However, the
tumour may be malignant and the myasthenia
severe and of rapid clinical course. Hyper-
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plasia only may be found or the thymus may be
apparently absent. Lymphocytic infiltrations
may be found in other tissues such as the liver
and the thyroid and suprarenal glands and
Adams, Denny-Brown and Pearson (1962)
suggest that they are the result of a specific
endocrine dysplasia.

It is of interest that sensory abnormalities
may be found. Thyroid disorders are com-
monly associated with myasthenia and
particularly thyrotoxic manifestations. Non-
toxic goitrous conditions and myxoedema may
be associated with myasthenia and Simpson
(1964) describes a case with Hasimoto's
disease: this author gives evidence to suggest
that there may be a common factor in a
genetically determined hypothalamo-pituitary
abnormality.
Neuro-muscular transmission is defective due

to a blocking mechanism, the cause of which
is unknown, and Simpson (1964) classified the
possible theories as (1) pre-synaptic defect, (2)
excessive hydrolysis of transmitter substance,
(3) post-synaptic defect and (4) competitive
block.
The histopathology of myasthenia gravis

shares many features with polymyositis. Large
lymphocytic infiltrations may be found within
the muscle and are referred to as lymphorrhages.
They are not diagnostic and may be absent.
Degenerative changes within the muscle fibres
themselves occur and were studied by Russell
(1953). The changes vary from a localised
eosinophilia to extensive segmental necrosis
with phagocytosis and connective tissue increase.
So far, the important suggestion of a blockade
mechanism of neuromuscular transmission and
of the sensory findings occasionally observed
have not been adequately explained but modern
histological studies by Coers and Desmedt
(1959), Bickerstaff and Woolf (1960) and
MacDermott (1960) have demonstrated abnor-
malities of motor nerve endings. Two changes
are described: (a) "dystrophic" type where the
terminal knobs are shrunken and spread over
a wider area of the fibre than usual, (b)
"dysplasie" type where the end-plate region
is greatly enlarged. In addition to the
lymphocytic infiltration and muscle fibre
degeneration described above, grouped atrophy
indistinguishable from denervation may rarely
be found as was clearly demonstrated in a case
recently studied by Pearce and Jobling (1965)
which was clinically severe and was associated
with a thymic lympho-epithelioma.
Symptomatic myasthenia is found in systemic

lupus erythematosus, polymyositis and dermato-

myositis, rheumatic myopathy and various
carcinomata among other conditions where
there is a suggestion that an auto-immune
process may be operative. The muscle fibre
degenerations and lymphocytic infiltrations of
myastheD'a gravis and above diseases are
similar. Histologically, the thymus "has the
appearance of a reticulo-endothelial organ
actively participating in an "auto-immune" type
of reaction," Simpson (1964). Simpson (1960,
1964) suggests that a substance derived from
acctylcholine or secreted by the thymus might
compete for reception sites at the end plate.
It is believed that the substance is a large
molecule of protein type which can take part
in specific reactions of antigen-antibody type
at specific sites.
Future Investigations
As has been emphasized, the most profitable

method of studying muscle disease at the
present is a combined clinical and laboratory
investigation; such correlative studies are likely
to be particularly profitable now as not only is
clinical diagnosis more accurate due to renewed
interest in muscle disease but histological
techniques such as fluorescent and electron
microscopy, histochemistry and tissue culture
are now being utilised. It is beyond the scope
of this short review to summarise even the
principle advances which such modem histo-
pathological methods have made and the reader
is referred to Pearce (1963 a, b, c, 1964) and
Dubowitz and Pearse (1964) for brief accounts.
In addition experimental animals suffer from
spontaneous myopathic diseases and are avail-
able for experimentation. Pearce and Walton
(1963) have recently studied the dystrophic
mouse and concluded that it is a true dystrophic
process but not identical with any human type
dystrophy. Current advances in many aspects
of dystrophy research with particular reference
to the Newcastle Group have been outlined by
Walton (1964).

It is likely that methods such as histo-
chemistry and electron microscopy will be
most profitable when applied to the study of
early changes with a view to determining
aetiological mechanisms. Further, many
diseases and especially of endocrine organs are
associated with often severe muscle weakness
and yet light microscopy shows little but slight
non-specific muscle change it is anticipated
that modem histology will make significant
advances in this field.
The following examples show the application

of these techniques to practical problems.
Dubowitz and Pearse (1961) showed that there
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is a constant reciprocal relationship between
the content of oxidative enzyme and phos-
phorylase in muscle fibres and thus that there
are two differing fibre types with a different
source of energy. In two cases of infantile
hypotonia there appeared to be no differentia-
tion of the muscle into these two fibre types
possibly due to defective enzymic maturation.
Significantly, subsequent work showed that this
was not invariable. Light microscopy merely
shows small fibres of unusually uniform size.
Two extremely rare myopathies have been

usefully investigated by such methods: central
core disease (Engel, Foster, Hughes, Huxley
and Mahler, 1961; Seitelberger, Wanko and
Gavin, 1961) and nemoline myopathy (Shy and
others, 1963).

This work has been supported iby the Muscular
Dystrophy Association of America, Inc., the Muscular
Dystrophy Association of Canada and the Muscular
Dystrophy Group of Great Britain. I am particularly
indebted to Dr. J. N. Walton for the use of his
material, and to Mr. R. Hardy, Mr. J. Stewart, Mr.
J. Fulthorpe, Miss M. Jenkinson and Miss A. Brown
for their technical work at various times and Miss
Y. Riches for secretarial assistance.
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