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While muscle biopsy has been standardized since the introduction of electron
microscopy, histochemistry, and morphometry into diagnostic myopathology, addi-
tional diagnostic techniques have recently been added. Immunomorphologic
methods-firmly established in oncology long ago-are beginning to be applied in
diagnostic myopathology. These methods concern the evidence of intermediate
filaments in regenerating and denervated fibers as well as in certain myopathies
marked by intermediate filament-related inclusions such as cytoplasmic bodies,
spheroid bodies, or Mallory body-like inclusions. The connotation of the immunomor-
phologic approach is further emphasized by the discovery of dystrophin, a normal
protein within muscle fibers which is deficient in Duchenne’s and Becker’s muscular
dystrophies resulting in the now-standard examination of dystrophin in muscle
biopsy specimers. [t is to be expected that immunomorphologic techniques will
rapidly develop further, depending on the isolation of muscle-and disease-specific
proteins or defective proteins and the availability of antibodies against these
proteins. It is conceivable that immunohistological diagnostic methods in myo-
pathology may, one day, render currently established techniques obsolete. Key
words: myopathology, morphologic diagnosis, electron microscopy, histochemistry, mor-
phomaetry, immunomorphology, dystrophin, intermediate filaments.

Muscle biopsy is a diagnostic procedure, not a curative one, as removal of tissue
alone does not represent therapy but only may occasionally lead to treatment,
e.g., in the case of inflammatory myopathy. On the other hand, postmortem
myopathologic studies have become extremely rare and are usually confined to
employing old-fashioned techniques, i.e., fixation of muscle tissue and subse-
quent embedding in paraffin for a very limited number of histological stains.

Contrary to and in accordance with the diagnostic importance of a muscle biopsy,
a spectacular armamentarium of morphologic techniques have been developed
over the past 20 years to examine a biopsied muscle specimen as thoroughly as
possible. As a matter of fact, it may safely be stated that no other tissue obtained
by biopsy is or can be subjected to such a large variety of morphologic methods as
muscle tissue. These methods comprise regular histology; histochemistry to
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detect amounts of fat, glycogen, calcium or iron; enzyme histochemical
preparations to determine fiber types and structural abnormalities as well as
specific enzyme defects; morphometry; immunohistochemistry; and finally,
electron microscopy. For all methods, muscle tissue must be prepared at the time
of biopsy. Part of the tissue must be left unfixed for frozen preparations, while
another part must be fixed for light microscopy, i.e; semithin plastic embedded
sections and ultrathin sections for electron microscopy. Histological studies may
be amplified when abundant tissue is available, by fixing the tissue in formalin and
subsequently embedding it in paraffin to examine lnﬂammatory infiltrates and
vessel walls, including step and/or serial sections.

The basic procedure involves freezing the unfixed muscle tissue in liquid nitrogen
for enzyme histochemical preparations that may also reveal fiber types as well as
for morphometric studies, assuming that muscle tissue in the unfixed frozen state
most closely resembles in vivo tissue in terms of the size and contours of
myofibers. These must be mounted for cross-sectioning rather than longitudinally.

Unfixed frozen muscle tissue is also necessary for a number of immunohistologic-
al techniques, foremost of which is the determination of dystrophin. Furthermore,
if metabolic myopathy is suspected, unfixed frozen tissue, retrieved separately or
from the tissue block, may be utilized for biochemical studies. .

Finally, electron microscopy is a technique integrated into the so-called “muscle
biopsy program” requiring fixation and embedding of muscle tissue from each
patient biopsied, even if subsequent ultrastructural examination is not warranted.

Beginning in the early sixties!, these numerous myopathologic techniques led to
reliable and reproducible standardized results of high quality, now documented in
an impressive number of references and textbooks2.3,

In view of the muscle tissue being affected (primarily or in association with other
conditions) in well over 600 nosological entities, the spectrum of myopathologic
lesions is rather limited. Therefore, a myopathologic diagnosis must always be
incorporated into a final nosological diagnosis. On the other hand, in spite of the
numerous techniques employed in a standardized “muscle biopsy program”, new
ways are consistently being explored to enhance diagnostic interpretation of
diseased human muscle tissue. A few such technical aspects and trends are
described below.

Conventional Histology : The regular histological stains comprise hematoxylin-
eosin, the modified trichrome preparation?, the standard method for routine
examination of unfixed frozen muscle, and Elastica van Gieson to determine the
amount of connective tissue and the state of the Intramuscular vessel walls.
Other stains used in general or neuropathology have been rarely employed.
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Conventional techniques to ascertain myelinated and unmyelinated nerve fibers
may be added.

The Azur B stain reveals regenerating fibers staining ribonucleic acids engaged in
protein synthesis. In particular, groups of regenerating fibers, frequent in
Duchenne’s, Becker's and autosomal recessive (the “Arabic” type) muscular
dystrophies are conspicuous. Disseminated regenerating fibers following bouts of
rhabdomyolysis may sometimes be the only evidence of preceding muscle fiber
necrosis.

While lysosomal enzymes (the acid phosphatase technique) may reveal enzyme
activities, the autofluorescent nature of certain abnormal lysosomes attests to
their lipopigment character, as seen in regular lipofuscin or accretion of abnormal
amounts and abnormally structured lipopigments in vitamin E deficiency4 and in
childhood form of neuronal ceroid-lipofuscinosis. The amount of lipofuscin bodies
within muscle fibers may vary considerably among individuals, even of the same
age; lipofuscin appears increased in adult denervated muscle fibers, while
denervated muscle fibers in childhood display small amounts of lipopigments.

Histochemistry : A muscle specimen should be checked regularly for the amount
of lipid droplets and PAS-positive material, usually glycogen. PAS-positive
inclusions may further be defined, characterized and differentiated by enzyme
digestion, particularly amylase/diastase, but also by others such as glucosidase,
mannosidase or even trypsin, e.g., when countering polyglucosan bodies.

Calcium may be revealed by several techniques, e.g., Alizarin red. Calcium is
usually transported into the muscle fiber through plasmalemmal defects from the
systemic circulation. Calcification of necrotic fibers may occur other wise, but
seems to be a rare event. Likewise, iron found within a muscle specimen, though
rare, usually indicates an earlier hemorrhage, and iron may be seen in interstitial
macrophages as well as in muscle fibers.

Enzyme Histochemical Preparations serve three purposes :

1. Typing of fibers which is usually based on the ATPase techniques after alkaline
and acid preincubations revealing types |, IIA, 1IB, and lIC. The oxidative
enzyme preparations also illustrate fiber types, even subtypes IA and IBS,

2. Revealing of abnormalities, such as “cores” or “target” phenomena.

3. Revealing of metabolic abnormalities such as deficiencies of amylophosphory-
lase, phosphofructokinase, myadenylate deaminase, cytochrome ¢ oxidase, or
structural abnormalities indicating metabolic lesions, such as the enzyme
histochemical equivalent of “ragged red fibers”, abnormal mitochondria.

In the wake of studying enhanced enzyme activities in mitochondrial myopathies,
additional enzyme histochemical preparations have become available, such as
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cytochrome c oxidase or mitochondrial ATPase. The importance of the latter
enzyme histochemical preparations is that they may reveal biochemical defects
that can subsequently be confirmed or detailed by biochemical analysis of the
same muscle tissue.

While the spectrum of oxidative enzymes may be further enhanced by adding
succinate dehydrogenase, lactate dehydrogenase or malate dehydrogenase to
the standard program, rarer enzyme histochemical preparations allow the
disclosure of carboanhydrase or triosephosphate isomerase activities.

Acid phosphatase activity may be enhanced in disorders with activated lysosomal
metabolism such as vitamin E deficiency#, in the neuronal ceroid-lipofuscinoses$, .
mucolipidosis IV7, and foremost in the different clinical forms of acid maltase
deficiency. Macrophages within nerotic muscle fibers as well as within the
interstitium display acid phosphatase and non-specific esterase activities.
Preparations of the latter enzyme further supported by that of acetylcholine
esterase may demonstrate the presence, density and distribution of motor
endplates.

Alkaline phosphatase activity may outline endothelial cells, but not consistently,
and may be histochemically absent in lethal hypophosphatasia8. Degenerating-
regenerating fibers may also have alkaline phosphatase activity.

The actual number of fruitfully employed enzyme histochemical preparations in
diagnostic myopathology may disclose additional diagnostic features. However,
this area has not been explored systematically as to muscle morphology and
diagnostic myopathology. Lectins may be applied to muscle tissue, especially in
the case of inclusions within muscle fibers, such as polglucosan bodies which
stain with concanavalin A (Fig. 1) and PSA (Pisum sativum) (Fig. 2). On the
contrary, endogenous neoglycoproteins as receptors for certain sugars, so-called
endogenous lectins, may also be revealed by respective antibodies®, This recent
technique may at least differentiate fiber types to a certain degree.

Morphometry : Morphometric analysis in diagnostic myopathology has utilized
the smaller diameter technique'0 or the square area method to determine subtle
deviations in muscle fiber size from the normal range of age and sex-dependent
muscle fiber diameters. Certain pathomorphometric patterns correspond to
certain groups of neuromuscular conditions such as the double-peak pattern in
neurogenic atrophy. The congenital fiber-type disproportion is one such condition
that is based on morphometric analysis. Capillary density, usually determined in
plasticcembedded 1 pm-thick sections, has been studied in neuromuscular
disorders such as inflammatory myopathies or muscular dystrophies. An
increased vascular density is also revealed, particularly in dermatomyositis, in
ATPase preparations after acid (pH 3.9) preincubation.
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An extremely cumbersome technique combines morphometry and electron
microscopy, i.e., ultrastructural morphometry of organelles and other cellular
constituents. Nuclear size, mitochondrial volume and histograms of mitochondria
may reveal subtle respective defects such as mitochondrial lesions, provided age,
sex, muscle-specific and possibly type and state of activity-related control data are
available. As this is usually not the case, due to the time-consuming aspect of
ultrastructural morphometry, only few such studies have been undertaken.

Whether automatized image analysis will improve the situation and reduce the
time spent in morphometric electron microscopy remains to be tested.

Immunomorphology : During the past decade, immunohistological techniques
have been firmly ensconced in the diagnostic histopathology of tumors. The
presence of viral antigens in tissues may also be more easily detected by using
antibodies that visualize viral infections. As regards diagnostic myopathology, the
application of immunomorphological methods is still in its infancy. Such an
immunohistochemical spectrum may entail several categories of neuromuscular
disorders. As many of the immunomorphological methods are performed on
praffin-embedded material it is also conceivable that, with the future spread and
advance of immunohistochemical techniques in diagnostic pathology, the
currently somewhat restrictive procedure of not fixing muscle tissue aside from
electron microscopic examination may be altered or expanded by regularly
incorporating old-fashioned formalin fixation for eventual immunohistochemical
studies. On the other hand, primarily unfixed frozen sections may subsequently
be fixed for immunomorphology.

When studying inflammatory myopathies, immunological subclassification of B
and T-lymphocytes as well as other cytological components participating in the
inflammatory process has repeatedly been performed!1-16_ While this immunolo-
gical cell-typing largely concerns polymyositis, in dermatomyositis, which is now
considered an inflammatory vascular disease'’, immunoglobulins and comple-
ment may be demonstrated in diseased vessel walls18.19,

The myasthenic syndromes, the foremost being myasthenia gravis, are defined as
conditios in which the motor endplates are diseased. Immunologic studies of
such abnormal motor endplates as to acetylcholine receptors or the localization
and identification of antibodies and other immunologic parameters been pub-
lished in the literature20.21, However, systematic incorporation of motor endplate
examination into diagnostic myopathology requires regular motor-point biopsies.
Identification of the motor point prior to biopsy, therefore, should be included in
the complete diagnostic evaluation of a patient’s neuromuscular condition.

Detection and analysis of the gene for Duchenne’'s muscular dystrophy (DMD)22
have created a completely new approach to diagnostic morphology. The protein
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techniques, the electron microscope has been applied to the systematic study of
neuromuscular conditions. Actually, the group of congenital myopathies largely
emerged as a separate group of neuromuscular entities with the advent and
introduction of electron microscopy into diagnostic myopathology.

Apart from systematic ultrastructural studies of neuromuscular disorders so far
described in small numbers or even newly defined conditions as well as the
evaluation of hitherto unrecognized lesions, employment of the electron
microscope in myopathologic examination henceforth will probably involve
combined techniques, i.e. morphometry and electron microscopy, as mentioned
above; electron microscopy and histochemistry, e.g., the Thiéry technique to
identify glycogen at the ultrastructural level such as in polyglucosan bodies or
inclusions in Lafora disease; electron microscopy and enzyme histochemistry,
e.g., ultrastructural activity and localization of cytochrome c oxidase3®: or electron
microscopy and immunomorphology, e.g., localizing dystrophin or desmin. These
combined techniques, however, will further complicate the organization of the
“muscle biopsy program”, because at the time of biopsy, sophisticated
cytochemical studies will have to be set up in advance in order to utilize the tissue
within a reasonable time after the biopsy has been performed, thus avoiding a
second biopsy of the same patient for such intricate studies when a preoperative
diagnosis is not yet known or strongly suspected.

Conclusion

Unlike neoplastic diseases, which are defined by the histological diagnosis of the
respective tumors, i.e., are nosologically detailed in the individual patient by the
histopathologist, neuromuscular diseases are nosologically diagnosed by the
concerted effort of the clinician (often including the geneticist), the electroph-
ysiologist, the clinical chemist, and the myopathologist, and often the biochemist,
among whom importance of the individual contribution by each of these experts
rests upon the type of the individual neuromuscular condition. To ascertain a
congenital myopathy or an inflammatory myopathy, myopathologic examination
of a biopsied muscle specimen is essential. The myotonias are the domain of the
electrophysiologist, while the clinician and geneticist identify the different
hereditary forms of muscular dystrophy. However, each of the participating
diagnosticians should be aware of the findings of the others within the concerted
giagnostic work-up. As the muscle biopsy usually occurs at the end of the
diagnostic regimen, it is the myopathologist who initiates and executes all
necessary studies to be performed on the biopsied tissue is responsible for
seeing that all essential techniques are readily and optimally applied to the tissue.
However, the results of his studies may require additional endeavors by his
diagnostic colleagues, such as family studies or further follow-ups if a diagnosis
cannot be achieved at the time of the muscle biopsy. Therefore, more frequently
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and more intensely than in other concerted enterprises, close cooperation and
mutual information among the participants in the diagnostic program of a patient's
neuromuscular condition appear mandatory. As the overwhelming majority of
recently detected neuromuscular conditions have been delineated by biopsy
rather than by postmortem studies, a muscle biopsy, always intended to aid in the
diagnosis, should also leave room for additional scientific studies, among which
sophisticated studies such as mitochondrial and nuclear DNA analyses of
mitochondrial and dystrophic myopathies, respectively, only loom on the
diagnostic horizon.
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