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Abstract
The interpretation of muscle biopsies is complex and provides the most useful information when integrated with the clinical
presentation of the patient. These biopsies are performed for workup of a wide range of diseases including dystrophies,
metabolic diseases, and inflammatory processes. Recent insights have led to changes in the classification of inflammatory
myopathies and have changed the role that muscle biopsies have in the workup of inherited diseases. These changes will be
reviewed. This review follows a morphology-driven approach by discussing diseases of skeletal muscle based on a few basic
patterns that include cases with (1) active myopathic damage and inflammation, (2) active myopathic damage without
associated inflammation, (3) chronic myopathic changes, (4) myopathies with distinctive inclusions or vacuoles, (5) biopsies
mainly showing atrophic changes, and (6) biopsies that appear normal on routine preparations. Each of these categories goes
along with certain diagnostic considerations and pitfalls. Individual biopsy features are only rarely pathognomonic.
Establishing a firm diagnosis therefore typically requires integration of all of the biopsy findings and relevant clinical
information. With this approach, a muscle biopsy can often provide helpful information in the diagnostic workup of patients
presenting with neuromuscular problems.

Introduction

Patients with neuromuscular disease often present with
symptoms like weakness, episodic muscle cramping,
myalgias, or rhabdomyolysis. Skeletal muscle biopsies are
performed as a part of the diagnostic workup for certain
patients with neuromuscular diseases [1] for whom the
differential diagnosis may include the following broad
disease categories: (a) Autoimmune inflammatory condi-
tions; (b) Genetic diseases including muscular dystrophies
and congenital myopathies; (c) Toxic or drug-induced
myopathies; (d) Metabolic or endocrine diseases; (e) Other

rare conditions. It is difficult to assess how much the results
of a muscle biopsy contribute to the management of a
patient because the yield depends on the setting and the
clinical question the biopsy was intended to answer [2–6].
In some instances, even a “negative” biopsy may be
regarded as informative to the clinical team, if it eliminates
some differential diagnostic possibilities. Overall the utility
is strongly influence by the proper planning, execution and
processing of the biopsy. The optimal planning of the
biopsy may involve the primary treating physician—most
often a neurologist or rheumatologist—the surgeon, the
pathologist, and sometimes the radiologist. Clinical pre-
sentation, physical exam, electromyography (EMG) as well
as magnetic resonance imaging (MRI) may all be con-
sidered when deciding which muscle will provide the most
useful information.

The interpretation of muscle biopsies is often challenging
because morphologic features are only rarely sufficient to
assign a muscle biopsy to any of the classes of muscle
diseases mentioned above let alone a specific disease entity.
Instead, it is usually the combination of multiple different
changes that may suggest a diagnosis. Furthermore, the
interpretation of a biopsy can be more precise if the clinical
context as well as the histomorphologic findings are
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considered and integrated. This review organizes diseases
of skeletal muscle based on a few recurring morphologic
patterns to reflect the thought process of a pathologist
evaluating cellular histopathology. As a result, it does not
follow the didactic approach based on pathophysiology that
many textbooks utilize.

Weakness may be the result of injury of the upper or
lower motor neuron resulting in denervation, or it may be
the result of injury of the myocyte, resulting in a primary
myopathic process. Morphologic changes that point to
denervation of muscle include angulated atrophic fibers,
grouped atrophy, and fiber-type grouping. These findings
reflect a loss of motor innervation of the myocyte, and occur
as a result of injury of the motor neuron or its axonal pro-
cesses. They are sometimes referred to as “denervation
atrophy”, or less specifically as “neurogenic atrophy”.

Once a neurogenic process has been excluded, most
muscle biopsy specimens may be categorized into one of
the following six descriptive categories, defined by the
findings on histologic sections stained with hematoxylin
and eosin (H&E) and the modified Gomori trichrome stain
(Fig. 1): (I) Active myopathic damage and inflammation;

(II) Active myopathic damage without associated inflam-
mation; (III) Chronic myopathic changes; (IV) Myopathies
with distinctive inclusions or vacuoles; (V) Biopsies mainly
showing atrophic changes; (VI) Biopsies that appear nor-
mal. The term active myopathic damage refers to the pre-
sence of necrotic myofibers and regenerating myofibers
(Fig. 2). In this context, inflammation refers to the presence
of mononuclear inflammatory cells (i.e., lymphocytes,
plasma cells, or macrophages) in the perimysial or endo-
mysial connective tissue but does not include macrophages
associated with myofiber necrosis (known as myophago-
cytosis). Chronicity is usually evident in a muscle biopsy in
the form of endomysial fibrosis and fatty replacement
(Fig. 2). Often marked variation in fiber size, prominently
increased internal nuclei, and fiber splitting accompany
these chronic changes.

Each of these six broad categories is associated with cer-
tain diagnostic considerations that can be further interrogated
by additional special stains and ancillary testing depending on
the clinical setting. In addition, each has unique diagnostic
pitfalls to avoid. This review outlines an approach to exam-
ining muscle biopsy specimens, addressing them from the

Fig. 1 Diagram of pattern-based approach to muscle biopsies. This
diagram illustrates the pattern-based approach discussed in this review
and sketches out how clinical information can be integrated into for-
mulating a differential diagnosis. Most biopsies may be thought of as
falling into six main morphologic patterns of myopathic findings (once
a neurogenic etiology is excluded). Illustrated in light orange, each of
these patterns goes along with a distinct set of diagnostic considera-
tions. A biopsy showing inflammation, for example, is most often
suggestive of an inflammatory myopathy, but may also be seen in
other conditions, which should be addressed pathologically or in the
context of the clinical presentation. Correlation with clinical infor-
mation (green) including systemic disease manifestations, temporal
pattern, autoantibodies, and steroid responsiveness may be extremely
helpful. A biopsy with active myopathic damage that lacks inflam-
matory infiltrates has a wide differential diagnosis that may include

necrotizing autoimmune myopathy (NAM), toxic muscle damage, or a
metabolic disease. The clinical information may again help to narrow
this list down and allow judicious use of additional special stains and
ancillary testing. Chronic myopathic changes are often a feature of an
inherited process like a muscular dystrophy but may also be present in
acquired diseases like sporadic inclusion-body myositis (IBM). In
biopsies showing distinctive inclusions or vacuoles, the diagnosis
depends on the nature of the intracellular material forming theses and
the clinical context. Atrophic changes may be present in many dif-
ferent disease processes but may be a prominent finding in endocrine
disorders, disuse, prior steroid therapy, or myotonic dystrophy. Details
on the pattern of atrophy and the clinical history may be helpful in
defining the etiology of an otherwise often rather non-specific mor-
phologic change
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point of view of these six basic morphologic patterns. Such an
approach runs the risk of oversimplifying a complex topic, but
offers a guide especially for those that are only occasionally
asked to review muscle biopsy slides or those that commu-
nicate results from a specialty laboratory to local physicians.

Section I: Active myopathic damage and
inflammation

The combination of active myopathic changes and inflam-
matory infiltrates in a muscle biopsy is typical for an active

inflammatory myopathy. There are, however, notable
exceptions. On the one hand, some immune-mediated
myopathies lack distinctive inflammatory infiltrates and
may instead present with a morphologic picture of “necro-
tizing autoimmune myopathy” discussed below in Section
II. On the other hand, inflammation may sometimes be
present in myopathies that are not immune-mediated, as
discussed further in the Section III on muscular dystrophies.

Inflammatory myopathies are a complex group of entities
characterized by variable temporal and anatomic patterns of
muscle involvement, differences in associated systemic
manifestations, and association with certain autoantibodies

Fig. 2 Illustration of miscellaneous morphologic changes encountered
in muscle biopsies. Muscle fiber necrosis and regeneration (a–e).
Individual myofibers can undergo necrosis and regeneration that is
usually assumed to represent a segmental process. Individual fiber
necrosis and regeneration is a hallmark feature present in many
myopathies. In the early phase, the cytoplasm assumes an often more
pale uneven appearance with more amorphous irregular texture (a).
Subsequently, immune cells begin to infiltrate the necrotic myofiber
segment (b) in a process described as “myophagocytosis”. Eventually
only the hull of the fiber remains as a bag filled with immune cells (c).
Regenerating myofibers are characterized by a more basophilic cyto-
plasm reflective of increased mRNA content and enlarged nuclei that
often contain distinctly visible nucleoli (d). Clustered regenerating
myofibers in a case of Duchenne muscular dystrophy (e). Features of
disease chronicity (f–h). Settings that go along with muscle damage
outpacing regenerative potential lead to chronic remodeling in the

form of endomysial fibrosis and fatty replacement. In mild cases,
subtle collagen deposition is seen between the myofibers within a
fascicle (Becker dystrophy, f). In more extensive cases, chronic
remodeling can lead to extensive replacement of muscle tissue by fat
and fibrosis (central core disease, g). Other features typically
encountered in chronic myopathies include marked variation in myo-
fibers size with atrophic fibers but often also hypertrophied fibers. The
latter sometimes exhibit features of fiber splitting (h) that may at times
go along with displacement of capillaries into the resulting clefts.
Inflammatory infiltrates (i, j). Inflammatory infiltrates in the form of
endomysial or perimysial infiltrates most commonly comprised of
mononuclear inflammatory cells are a typical feature of inflammatory
myopathies. They can, however, also be present in a number of other
settings including some dystrophies, infections (trichinosis, i), focal
myositis, or vasculitis (j). Ring fibers (k) are a fairly non-specific
feature that is often present in cases of myotonic dystrophy
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(Table 1) [7–9]. A number of classification systems are in
current use. In 1975, Bohan and Peter emphasized the
separation of dermatomyositis from polymyositis in a
classification that hinged in part on the presence or absence
of skin involvement [10, 11]. The subsequent integration of
the diagnosis of sporadic inclusion-body myositis (sIBM,
often simply referred to as “IBM”) led to a long-standing
triad of inflammatory myopathies that is still reflected in
many textbooks: polymyositis, dermatomyositis, and
sporadic inclusion-body myositis. Alternative classification
systems have been proposed which vary in the emphasis
they place on clinical features, serologic biomarkers, and
muscle biopsy results [8, 12–17]. The use of different cri-
teria and different terminologies make the inflammatory
myopathies a challenging topic. The European Neuromus-
cular Consortium (ENMC) 2003 international workshop
[14] and its 2014 update [18] represents a consensus
approach. It is very similar to the classifications proposed
by Allenbach et al. [8] and Suzuki et al. [19]. Our approach
to inflammatory myopathies will largely follow that out-
lined in these publications with brief references to the ter-
minology used by other investigators. Morphologic features
to consider include the distribution of myofiber damage and
atrophy, the pattern and distribution of inflammatory infil-
trates, features of capillary damage, as well as the presence
or absence of chronic remodeling and rimmed vacuoles.
Immunohistochemical staining for class I major histo-
compatibility complex proteins (MHCI), complement C5b-
9 (membrane attack complex), and labeling for cytochrome
C oxidase activity (COX) are also often helpful.

Dermatomyositis spectrum—myopathies with rash
and perifascicular atrophy

Dermatomyositis is a systemic disease that is characterized
by cutaneous as well as skeletal muscle involvement. It is
the most common inflammatory myopathy in children and
can represent a paraneoplastic condition in adults. Key
clinical features that are considered in the European Neu-
romuscular Consortium classification system include (1)
subacute onset, (2) symmetrical, proximal weakness, and
(3) characteristic skin rashes such as heliotrope periorbital
edema, Gottron’s papules, or erythema of sun exposed skin
on chest and neck (V-sign) or upper back (shawl sign). On
biopsy, the hallmark feature of dermatomyositis is peri-
fascicular atrophy (Fig. 3a). The atrophic fibers often show
loss of COX reactivity (Fig. 3b). Other supporting features
include class I major histocompatibility complex upregu-
lation in perifascicular myofibers (Fig. 3d), complement
C5b-9 deposition in perifascicular endomysial capillaries
(Fig. 3e), and endothelial tubuloreticular inclusions
demonstrated on ultrastructural studies. Inflammation in
dermatomyositis is typically centered around blood vessels

in the perimysium and dominated by CD4-positive T-cells
as well as CD20-positive B-cells. Different clinical pre-
sentations of dermatomyositis are described. These sub-
types may be associated with different antibodies and vary,
for example, in the probability of being associated with an
underlying malignancy (Table 1) [8]. In the European
Neuromuscular Consortium system the clinical diagnosis of
“definitive” dermatomyositis requires the presence of typi-
cal features including subacute onset, symmetrical proximal
weakness and the characteristic skin rashes along with
perifascicular atrophy on biopsy. A clinical diagnosis of
“probable” dermatomyositis is rendered in cases that exhibit
all the clinical features and supporting histologic features
but lack perifascicular atrophy. In the absence of sufficient
clinical information but characteristic pathological findings,
a pathological diagnosis such as “inflammatory myopathy
with perifascicular atrophy, consistent with dermatomyosi-
tis” is appropriate. In the classification by Pestronk, these
cases would typically fall into the category of myovascu-
lopathies [12]. In a large cohort study of 460 patients from
Japan, 12% of the patients with inflammatory myopathies
had dermatomyositis [19, 20].

Antisynthetase syndrome and muscle biopsies with
perifascicular necrosis

Some muscle biopsies tend to have more perifascicular
necrosis than atrophy [8, 12]. The presence of abundant
perifascicular necrosis with small regenerating fibers
resembles dermatomyositis at low power (Fig. 3f) [21],
although COX reactivity is typically retained (Fig. 3g).
There is evidence that these patients are distinct from those
with typical dermatomyositis: firstly, they often have an
autoantibody in the anti-tRNA synthetase group (Jo-1, PL-
7, PL-12, OJ, EJ, Zo, Ha, and KS), with anti Jo-1 being the
most common by far. Secondly, there are often distinctive
systemic manifestations that include interstitial lung dis-
ease, a hyperkeratotic rash on the fingers referred to as
“mechanic’s hands” and, in some patients, arthralgias.
Thirdly, these patients are less likely to have an associated
malignancy than adults with dermatomyositis. The peri-
mysial connective tissue often shows widespread patholo-
gical changes described as fragmentation and increased
alkaline phosphatase reactivity (Fig. 3h). Inflammatory cell
infiltrates usually appear to extend from the perimysial into
the endomysial compartment. These inflammatory cell
infiltrates may include T-cells, B-cells and plasma cells, but
may also include perimysial macrophages. Sarcolemmal
staining for class I major histocompatibility complex
(Fig. 3i) and cytoplasmic staining of myofibers for com-
plement C5b-9 (Fig. 3j) may highlight the perimysium-
centered disease involvement and fiber necrosis. Distinction
from dermatomyositis is not always possible by
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morphology alone. The diagnosis is supported by detection
of serum anti-tRNA synthetase autoantibodies. A recent
study suggests that actin aggregates in myocyte nuclei may

be identified by electron microscopy or immunohis-
tochemistry [22], and can be supportive of the diagnosis.
Overall this category corresponds to the “immune

Fig. 3 Inflammatory myopathies and necrotizing myopathies. a–e
Dermatomyositis. a H&E shows prominent perifascicular myofiber
atrophy. Necrotic fibers are sparse. b COX stain shows zonal loss of
enzyme activity in perifascicular atrophic fibers. c Alkaline phospha-
tase shows no or focal perimysial connective tissue reactivity (arrows).
d Class I major histocompatibility complex immunostain shows high
levels of expression in perifascicular fibers. e Complement C5b-9
immunostain shows deposition in perifascicular capillaries. f–j
Antisynthetase syndrome - Anti Jo-1 myositis. f H&E shows many
necrotic fibers (arrows) and regenerating fibers (arrowheads) in the
perifascicular region, but no uniform atrophy. g There is no zonal loss
of COX activity in perifascicular fibers. h Alkaline phosphatase shows
widespread perimysial connective tissue reactivity (arrows). i Class I
major histocompatibility complex immunostain shows diffuse myofi-
ber expression, with accentuation in perifascicular fibers. j Comple-
ment C5b-9 highlights necrotic fibers with cytoplasmic staining
(arrows) and viable perifascicular myofibers with sarcolemmal staining
(arrowheads). k–o Anti-HMGCR necrotizing autoimmune myopathy.
k H&E shows randomly scattered necrotic fibers (arrows) and regen-
erating fibers (arrowhead). l Macrophages in fibers undergoing myo-
phagocytosis (arrows) are positive for acid phosphatase. Alkaline
phosphatase (m) and Class I major histocompatibility complex (n)

stains highlight regenerating fibers. o Complement C5b-9 highlights
necrotic fibers (arrows) and myofibers with sarcolemmal stain
(arrowheads) that are randomly scattered rather than concentrated in
perifascicular region. p–t Polymyositis. p Mononuclear inflammatory
cells surrounding or invading viable myofiber (arrow) is required for
the diagnosis of polymyositis. q Lymphocytes that invade viable
myofibers (arrow) are negative for acid phosphatase. r There may be
patchy connective tissue alkaline phosphatase reactivity in PM. s Class
I major histocompatibility complex is usually diffusely expressed. t
There is no significant capillary or myofiber complement C5b-9
reactivity. Arterial wall reactivity (arrowhead) is not pathologic and
serves as internal staining control. u–y Sporadic inclusion-body
myositis (sIBM). u Inflammation in IBM is similar to PM, pre-
dominantly endomysial and surrounds or invades viable fibers
(arrowhead). However, the muscle demonstrates marked chronic
changes and vacuoles (arrow). v Red rimmed vacuoles on the modified
Gomori trichrome stain. w A COX/SDH double stain highlights fre-
quent COX-deficient fibers. x Class I major histocompatibility com-
plex shows diffuse or patchy intense expression in myofibers. y
Tubulofilamentous inclusions (arrow) are usually found in vacuoles in
sporadic inclusion-body myositis patients
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myopathies with perimysial pathology (IMPP)” as proposed
by Pestronk [12]. In the large Japanese cohort of 460
patients, 11% of patients with inflammatory myopathies are
in the category of antisynthetase syndrome [19]. Some
studies utilize the term “overlap myositis” to describe
patients with features of inflammatory myopathy that
additionally have systemic disease manifestation of auto-
immunity and typically are positive for myositis-associated
antibodies [9, 15, 23–25]. Patients with antisynthetase
syndrome are sometimes grouped together with overlap
myositis.

Polymyositis

On the basis of the classification proposed by Bohan and
Peter [10, 11], polymyositis was a common diagnosis. For
many years it was to some extend a diagnosis of exclusion
rendered in patients with an inflammatory myopathy who

did not fulfill the criteria for dermatomyositis or sporadic
inclusion-body myositis. With revised classifications,
polymyositis has become a much less common diagnosis
(Fig. 4). Patients still classified as polymyositis (PM) in the
current systems typically present with subacute onset of
symmetrical proximal weakness. The serum creatine kinase
is often markedly elevated (10–50 times normal). In the
European Neuromuscular Consortium system, a diagnosis
of definitive polymyositis requires the demonstration of
CD8-positive T lymphocytes surrounding or invading
viable myofibers (Fig. 3p, q), associated diffuse class I
major histocompatibility complex upregulation in myofibers
(Fig. 3s), and the absence of rimmed vacuoles or peri-
fascicular atrophy. These more stringent pathologic criteria
have made polymyositis a less common diagnosis [16, 20].
In the Japanese cohort of 460 patients, only 4% of the
patients had polymyositis [19]. In a subset of polymyositis
cases, biopsies are reported to show significant increase in
COX-deficient fibers. These cases have been referred to as
polymyositis with mitochondrial pathology (PM-mito) or
polymyositis with cytochrome oxidase-deficient fibers (PM/
COX−). Studies suggest that these patients are less
responsive to steroid treatment but may respond to metho-
trexate [26, 27].

Sporadic inclusion-body myositis

Sporadic inclusion-body myositis (sIBM) is usually dis-
cussed with the inflammatory myopathies due to the pre-
sence of inflammatory infiltrates. However, unlike the other
inflammatory myopathies, it does not appear to have an
immune-mediated pathogenesis. The inflammatory cell
infiltrates are similar to those of polymyositis, with pre-
dominantly T-cells that surround individual myofibers, but
the presence of intracellular protein aggregates and the lack
of a consistent response to immunosuppression do not
support an immune-mediated etiology, and instead have led
to comparisons with age-related neurodegenerative dis-
eases. The clinical phenotype of sporadic inclusion-body
myositis is quite distinctive with early weakness and atro-
phy of quadriceps, wrist flexors, finger flexors, and ankle
dorsiflexors. Unlike other inflammatory myopathies, muscle
weakness is often asymmetrical and progresses slowly over
many years. Sporadic inclusion-body myositis is the most
common inflammatory myopathy in people over 50 years of
age. Serum creatine kinase is normal or mildly elevated.
Pathologically, like polymyositis, sporadic inclusion-body
myositis often shows CD8+ T-cells surrounding and
invading viable myofibers (Fig. 3s). The hallmark of
sporadic inclusion-body myositis is the presence of rimmed
vacuoles. The rimmed vacuoles contain debris that is red
and granular on the modified Gomori trichrome (Fig. 3v)
and positive on acid phosphatase. COX negative fibers

Fig. 4 Venn diagram illustrating the conceptual overlap between dif-
ferent inflammatory myopathies. The classification of inflammatory
myopathies has evolved over the last four decades from distinction
between polymyositis and dermatomyositis based on the presence of
an associated rash to a complex system with overlapping morphologic
features. Perifascicular pathology, for example, is found in dermato-
myositis as well as in antisynthetase syndrome. The former is usually
associated with more atrophy while the latter usually goes along with
more necrotizing changes in perifascicular distribution. Polymyositis
and sporadic inclusion-body myositis both show endomysial inflam-
mation with CD8-positive T-cells and invasion of normal appearing
fibers by inflammatory cells. The most helpful distinguishing feature is
the presence of rimmed vacuoles and the associated TDP-43 positivity.
Some biopsies lack distinctive morphologic findings. These cases may
still ultimately declare themselves as being part of one of the more
distinctive categories or may represent muscle involvement by a sys-
temic connective tissue disease. Non-specific myositis associated
with systemic connective tissue disease and antisynthetase are
together sometimes summarized under the term overlap myositis. The
provided percentage numbers represent the distribution of these dis-
ease categories in the 460 patients reported by Suzuki et al. [19].
Abbreviations: CVD collagen vascular disease, IMNM immune-
mediated necrotizing myopathy, NAM necrotizing autoimmune myo-
pathy, sIBM sporadic inclusion-body myositis
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(Fig. 3w) and ragged red fibers are also often encountered in
sporadic inclusion-body myositis [28, 29]. Class I major
histocompatibility complex is usually diffusely upregulated
(Fig. 3x). In contrast to other inflammatory myopathies,
sporadic inclusion-body myositis often shows prominent
chronic myopathic changes with frequent pyknotic nuclear
clumps and hypertrophic fibers that may resemble chronic
neurogenic atrophy. On ultrastructural studies, the rimmed
vacuoles largely correspond to aggregates of whorled
lamellar myelin-like debris, usually located within
membrane-bound vacuoles. Although highly characteristic
of sporadic inclusion-body myositis, similar autophagic
vacuoles may be seen in other disorders associated with
abnormal lysosome function. More specific for sporadic
inclusion-body myositis is the presence of tubulofila-
mentous inclusions, which may be present in the vacuoles
(Fig. 3y), but may also be present in the nucleus. On special
studies the inclusions label for a number of proteins asso-
ciated with neurodegenerative diseases, including beta
amyloid and TDP-43 [30]. The amount of amyloid in the
aggregates is often too small to be detectable by Congo red.
However, immunostains of p62, LC3, or TDP-43 may
highlight these aggregates, even in early sporadic inclusion-
body myositis when vacuoles are inconspicuous [31]. In the
large cohort of 460 patients from Japan, 16% of inflam-
matory myopathies were in the category of sporadic
inclusion-body myositis [19].

Necrotizing autoimmune myopathy

Necrotizing autoimmune myopathy (NAM), also known as
immune-mediated necrotizing myopathy (IMNM), results
from immune-mediated damage to myocytes. Biopsies from
these patients often lack distinctive inflammatory cell
infiltrates, but show features of myofiber necrosis. On the
basis of the morphologic approach followed in this review,
these myopathies are discussed in the next section on
biopsies with active myopathic damage without associated
inflammation. Pathophysiologically, though, cases of
necrotizing autoimmune myopathy belong in the group of
inflammatory, or immune-mediated myopathies. In the large
cohort of 460 patients from Japan, 38% of patients with
inflammatory myopathies have necrotizing autoimmune
myopathy [19].

Myositis without specific diagnostic findings and
consideration of the differential diagnosis of
inflammatory myopathies

There are some cases in which a biopsy shows a combi-
nation of myopathic damage and inflammation, but
lacks sufficient distinctive features to allow a classification
into the above specific inflammatory myopathies. These

biopsies with inflammation and myopathy fall into three
broad categories: (1) cases that may belong to the inflam-
matory myopathies outlined above but lack sufficient dis-
tinctive features on the available biopsy material; (2) cases
in which the inflammatory muscle damage represents
involvement of skeletal muscle as one component of a
systemic connective tissue disease; and (3) cases that may
mimic an inflammatory myopathy morphologically but
represent an inherited disease process, drug reaction or a
local change. In the mentioned large cohort of 460 patients,
18% of patients with inflammatory myopathies on muscle
biopsy were in the non-specific myositis group [19].

(1) Muscle biopsies with inflammation that are equivocal
for a definitive classification as a specific inflammatory
myopathy.

Despite well-established prototypical features in derma-
tomyositis, polymyositis, and inclusion-body myositis, none
of the morphologic changes are truly pathognomonic.
Instead each disease category represents a spectrum that
may overlap with other entities for an overall classification
system that can be conceptualized as overlapping circles of
a Venn diagram (Fig. 4). The following are examples of
situation in which biopsy findings may defy an unequivocal
classification:

(a) Dermatomyositis and antisynthetase syndrome both
exhibit myocyte injury with perifascicular accentua-
tion. Prominent perifascicular necrosis is more
supportive of a diagnosis of antisynthetase syndrome
while prominent perifascicular atrophy and loss of
cytochrome oxidase reaction is more supportive of a
diagnosis of dermatomyositis. Some cases of derma-
tomyositis may, however, show quite prominent
necrosis. In such cases, endomysial capillary labeling
for complement C5b-9 and tubuloreticular inclusions
on electron microscopy were initially considered
specific signs for dermatomyositis [14]. Both have,
however, more recently also been described in
immune-mediated necrotizing myopathy, antisynthe-
tase syndrome, and other autoimmune conditions [7,
20, 21, 32]. Whether myonuclear actin aggregates will
be confirmed as reliable marker of antisynthetase
syndrome, will have to await further studies [22].

(b) Perifascicular distribution of necrosis or atrophy may
be variable and is sometimes absent in biopsies of
patients with dermatomyositis and antisynthetase
syndrome. In some cases of dermatomyositis, the
perifascicular distribution of sarcolemmal class I
major histocompatibility complex expression may be
the only abnormal finding on muscle biopsy. The lack
of unequivocal perifascicular myofiber muscle
damage or atrophy does not exclude these diagnoses.

(c) Muscle biopsies in sporadic inclusion-body myositis
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muscle may have sparse vacuoles and minimal
chronic changes in the early stages of the disease.
The distinction between polymyositis, polymyositis
with mitochondrial pathology, and sporadic inclusion-
body myositis may, therefore, be difficult [33].
Immunostaining of p62 and TDP-43 may highlight
protein aggregates in sporadic inclusion-body myosi-
tis and help separate these two entities [31, 34, 35].

(d) Rimmed vacuoles are often described as the hallmark
of sporadic inclusion-body myositis. These inclusions
are, however, also seen in hereditary inclusion-body
myositis (hIBM) as well as in some muscular
dystrophies [36–39]. On occasion, rimmed vacuoles
may even be present in the context of neurogenic
atrophy [40]. Furthermore, a number of other
inclusions may at times exhibit morphologic features
that overlap with those of rimmed vacuoles including
mitochondrial aggregates, inclusions of chloroquine
or colchicine toxicity, and aggregates of storage
diseases. Sometimes the diffuse expression of class I
major histocompatibility complex, endomysial lym-
phocytic inflammation, and the appropriate clinical
history can be very helpful in differentiating sporadic
inclusion-body myositis from hereditary forms.

(2) Muscle involvement in systemic connective tissue
diseases.

Skeletal muscle involvement is not just a feature of the
described “primary” inflammatory myopathies but can
instead also be seen in many systemic connective tissue
diseases, including systemic lupus erythematosus, rheuma-
toid arthritis, scleroderma, Sjögren syndrome, and sarcoi-
dosis [23, 24, 41–44]. Sarcoid myopathy typically shows
non-caseating granulomatous inflammation, but the others
may variably mimic other inflammatory myopathies like
polymyositis, dermatomyositis, necrotizing autoimmune
myopathy or antisynthetase syndrome on biopsy. The
recognition of typical clinical features of a systemic con-
nective tissue disease as well as autoimmune associated
antibodies summarized in Table 1 can offer helpful clues to
the diagnosis. The term “overlap myositis” has been used to
describe patients with an overlap presentation between
inflammatory myopathy and systemic connective tissue
disease. These patients exhibit features of systemic con-
nective tissue diseases beyond muscle involvement and are
typically positive for myositis-associated antibodies [9, 15,
23–25].

(3) Inflammatory changes in other diseases.
Inflammatory infiltrates may sometimes be encountered

with inherited diseases like muscular dystrophies. In that
context, they represent a secondary process and may cause
diagnostic confusion. Inflammatory changes may also be
seen in various other settings. These include patients with

checkpoint inhibitors [45, 46], localized or focal myositis as
a poorly understood inflammatory process that presents as
localized inflammatory pseudotumor [47], infections, or
vasculitis (Fig. 2).

Section II: Active myopathic damage without
associated inflammation

Some biopsies exhibit active myopathic damage with
ongoing myofiber necrosis and regeneration, but lack
inflammatory infiltrates or features of chronicity. Active
myofiber breakdown leads to release of muscle enzymes
and may result in the clinical presentation of rhabdomyo-
lysis or myoglobinuria. Severe rhabdomyolysis is, in many
cases, the result of a monophasic injury such as trauma with
crush injury, exertion, hyperthermia, infections, drugs, or
toxins. The monophasic nature of the injury is character-
istically evident in the muscle biopsy specimen by abundant
damaged fibers all at similar stage of necrosis or regenera-
tion. Muscle biopsies are usually not performed in these
settings, especially if the cause is clinically apparent such as
rhabdomyolysis during flu or toxin exposure. Scenarios that
may require a muscle biopsy are persistently elevated serum
creatine kinase levels, acute or subacute onset of pro-
gressive weakness, or repeated episodes of rhabdomyolysis.
The main diagnostic considerations for biopsies with the
pattern of only active myopathic damage not associated
with inflammatory cell infiltrates include necrotizing auto-
immune myopathies, exogenous myotoxins or drugs, and
metabolic myopathies.

Necrotizing autoimmune myopathy

Necrotizing autoimmune myopathy (NAM; also referred to
as immune-mediated necrotizing myopathy IMNM) often
presents acutely, with very high creatine kinase levels and
severe generalized weakness. The clinical spectrum of this
disease is, however, still evolving and cases with a more,
chronic dystrophy-like presentation are also described [48,
49]. Most patients with necrotizing autoimmune myopathy
have either anti-SRP or anti-HMGCR antibodies (75% in
one study (20)). The clinical features associated with anti-
HMGCR and anti-SRP antibodies largely overlap, but
patients with anti-SRP antibodies more often show muscle
atrophy and weakness of neck and respiratory muscles as
well as pharyngeal muscles creating a pattern of weakness
that may at times mimic facioscapulohumeral muscular
dystrophy (FSHD) discussed in Section III [20]. Extra-
muscular manifestations such as interstitial lung disease and
cardiac involvement are relatively uncommon, but if present
more likely associated with anti-SRP antibodies. Anti-
HMGCR antibodies were initially identified in patients with
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prolonged weakness after statin usage that persisted after
discontinuation of the drug [50, 51]. But only some of the
patients with anti-HMGCR antibody have had prior statin
exposure rendering the term “statin-induced autoantibodies”
inaccurate. Pathologically, the muscle shows necrotizing
myopathy with scattered necrotic fibers at different stages of
regeneration, but only mild or no overt inflammatory cell
infiltrates (Fig. 3k–o). Necrotizing autoimmune myopathy
with anti-SRP antibody is often severe, with rapid devel-
opment of interstitial fibrosis [12]. Class I major histo-
compatibility complex expression is usually not as
prominent as in other inflammatory myopathies and is often
patchy or limited to individually scattered myofibers
(Fig. 3n). Complement C5b-9 deposition on the sarcolemma
of scattered viable myofibers (Fig. 3o) may be seen in a
significant subset of patients.

Myotoxic myopathy

Toxic myopathy may result from exposure to alcohol,
opiates and other street drugs, statins, and chloroquine/
hydroxycloroquine [52]. In most of these instances, biopsies
exhibit acute myopathic features without a background of
inflammatory changes. If exposure to the inciting agent is
terminated, the symptoms usually resolve and no further
treatment is required. Statin use may result in two distinct
patterns of muscle injury: direct statin toxicity and necro-
tizing autoimmune myopathy with HMGCR antibodies [53,
54]. With direct statin toxicity, patients typically improve
after discontinuation of the drug, while symptoms due to
necrotizing autoimmune myopathy typically persist after
discontinuation of the medication and require immunosup-
pressive medications. Specific diagnostic features may be
identifiable in some medication-induced myopathies.
Chloroquine and colchicine are associated with vacuolar
myopathy described in detail below (Section IV). Zidovu-
dine, an antiretroviral drug in HAART treatment for AIDS
patients, inhibits mitochondrial DNA polymerase and may
result in mitochondrial myopathy with ragged red fibers and
COX-deficient fibers as discussed in Section IV [55].
Alcohol-related rhabdomyolysis is associated with binge
drinking episodes while chronic alcoholism has been linked
to type II atrophy [56, 57].

Metabolic myopathy

Metabolic myopathies may be divided into two groups
based on the pattern of clinical presentation. Many result in
episodic symptoms that are often precipitated by exercise,
fasting, or infection while others cause progressive muscle
damage more akin to a muscular dystrophy [58]. In the
former, it is recommended that the biopsy be performed at
least one month after a rhabdomyolysis episode, because

extensive fiber necrosis and edema during the acute phase
may obscure the underlining pathology and may preclude
biochemical comparisons to normal muscle in metabolic
etiologies. It is important to biopsy a moderately weak
muscle to increase the diagnostic yield. The metabolic
diseases are discussed in more detail in Section IV because
they often show formation of cytoplasmic vacuoles or
inclusions.

Differential diagnosis

An etiologic diagnosis is often impossible based solely on
the morphologic changes of active myopathic damage.
Many of these cases represent necrotizing autoimmune
myopathy. Class I major histocompatibility complex and
complement C5b-9 immunostains may be helpful since
appropriate patterns of positive staining would favor this
diagnosis. Serological testing for myositis specific anti-
bodies (SRP, HMGCR, Jo-1, and other antisynthetase
syndrome-associated antibodies) can provide additional
helpful information. Negative results could favor toxic or
metabolic disorders, but do not exclude necrotizing auto-
immune myopathy. In some cases, a muscle biopsy from a
patient that may otherwise fit into categories like poly-
myositis or myositis without specific structural findings may
lack diagnostic inflammatory cell infiltrates due sampling
artifact or prior immune modulating therapy. These
inflammatory myopathies are, therefore, not entirely
excluded based on the lack of inflammation.

Section III: Chronic myopathic changes

The combination of myopathic changes together with fea-
tures of disease chronicity in the form of endomysial
fibrosis and fatty replacement implies a longer-standing
smoldering disease process. These changes are reflective of
the time course of the disease process rather than any par-
ticular etiology. The extent of active necrosis varies
depending on the underlying disease process and is often
related to the tempo of clinical deterioration. Chronic
myopathic changes can be encountered in muscular dys-
trophies, some congenital myopathies, some metabolic
myopathies and even inflammatory myopathies—most
often inclusion-body myositis (see Section I). The patient’s
age, family history, the duration of symptoms, the dis-
tribution of weakness, and the involvement of other organ
systems can all provide useful clues in developing a dif-
ferential diagnosis.

Muscular dystrophies and congenital myopathies repre-
sent two broad groups of inherited myopathies. In principal,
the prototypical muscular dystrophy is a disease that affects
patients who appear normal at birth but subsequently
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develop progressive muscle weakness, with myofiber
necrosis also reflected in elevated serum creatine kinase
levels. Duchenne muscular dystrophy represents the most
common and a typical example. Congenital myopathies on
the other hand often result in weakness, hypotonia, or
muscle contractions that are apparent in early infancy [59,
60]. Severe cases can lead to early death but many forms
result in a more static course, depending on the causative
mutation. Muscle damage is typically not as relentlessly
progressive as in a muscular dystrophy and is usually
associated with distinct morphologic features like nemaline
rods or central cores. Congenital muscular dystrophies and
myofibrillar myopathies are two additional categories of
inherited muscle diseases besides dystrophies and con-
genital myopathies [61, 62]. All of these broad categories
should be understood as reflective of general concepts in the
approach to the dauntingly diverse group of genetic muscle
diseases. The borders between these disease groups are not
as sharp as this outline may imply.

Muscular dystrophies

The muscular dystrophies represent a challenging group of
diseases for the pathologist examining muscle biopsies
because they typically lack distinctive changes beyond the
features of chronic muscle damage (Figs. 2, 5). For a sub-
group, immunohistochemical stains for sarcolemmal pro-
teins can serve as markers for the underlying mutations
when the mutation prevents normal expression of proteins
like dystrophin and dysferlin. But in many cases, the muscle
biopsy does not provide the genetic classification. In these
cases, the genetic diagnosis is only rendered after integra-
tion of the clinical history, pattern of weakness and asso-
ciated other systemic features with results of genetic testing
(Fig. 5).

Muscular dystrophies are sometimes broadly categorized
as X-linked dystrophinopathies, autosomal limb girdle
muscular dystrophies, myotonic dystrophy, and other more
rare forms that are recognized by their striking pattern of
muscle involvement often limited to certain anatomic sites,
like facioscapulohumeral muscular dystrophy (FSHD),
oculopharyngeal muscular dystrophy, and the elbow con-
tractures commonly seen in X-linked Emery–Dreifuss
muscular dystrophy [63–65]. The role of muscle biopsy in
the workup of these disorders has changed markedly over
the last several years. This change has been driven primarily
by the rapid development of genetic tests for these diseases.
Detailed analysis of skeletal magnetic resonance imaging
may also provide important diagnostic clues because many
dystrophies exhibit a strikingly distinctive pattern of muscle
involvement that arises out of differences in which muscles
are affected by the disease [66, 67]. At the present time, the
diagnosis of Duchenne no longer requires a biopsy, but is

Fig. 5 Muscular dystrophies. a–d Dystrophinopathy with unusual
dystrophin mutation missed on initial testing. The patient was a young
boy who was initially found to have elevated liver function tests, and
subsequently found to have elevated creatine kinase levels. Initial
genetic testing for Duchenne muscular dystrophy was negative. The
biopsy still suggests a dystrophin mutation with a distinctly patchy
small clusters of either degenerating or regenerating myofibers, b loss
of staining for the N-terminus of dystrophyin (insert shows normal
control) but preserved reactivity for the C-terminus of dystrophin (c)
and d loss of normal membranous labeling for NOS-1 (insert shows
normal control). Further testing found a mutation at an intron-exon
boundary of dystrophin. e, f Symptomatic carrier of dystrophin
mutation. The patient was a 5-year-old girl with exercise-induced
weakness and muscle cramping. A biopsy showed myopathic
changes on H&E stained sections with focal degenerating and
regenerating myofibers (e). The special stains showed patchy loss of
all the tested epitopes of dystrophin, a common finding in symptomatic
carriers (staining for the C-terminus is shown, f). g Limb girdle
muscular dystrophy (LGMD) with titin mutation. The patient’s biopsy
shows mild myopathic changes with focal myofiber necrosis and
regeneration (g). Immunohistochemical staining for dystrophy-
associated proteins was performed because of a long-standing his-
tory of muscle weakness but was within normal limits. Genetic testing
identified two titin variants that are predicted to be pathogenic sug-
gesting a diagnosis of titin deficient limb girdle muscular dystrophy
(LGMD2J), and the biopsy confirms a dystrophic pattern of myocyte
involvement. h–l Limb girdle muscular dystrophy with dysferlin
mutation (LGMD 2B). The biopsy of this young adult patient with
proximal muscle weakness shows myopathic changes with myofiber
degeneration and regeneration (h). A Congo red stain is positive for
congophilic material with green birefringence (i, j). On immunohis-
tochemical staining expression of dysferlin is absent (k; insert shows
positive control). Focal increased sarcolemmal staining for class I
major histocompatibility complex is seen (l) and focal lymphocytes are
present
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rendered by the identification of a known causative muta-
tion. Variably comprehensive genetic panels offered by
diagnostic laboratories cover many other dystrophies. The
pathologist, therefore, rarely encounters biopsies from pro-
totypical cases of dystrophies these days. Instead, the
question of an underlying muscular dystrophy usually arises
in the setting of a patient with unusual clinical features or in
a patient that presents later in life with clinical features that
mimic acquired myopathies. In some instances, a biopsy
may be performed because genetic testing identifies a var-
iant of uncertain significance in a dystrophy-associated gene
with the hope of providing additional diagnostic con-
formation. In other cases, the results of the initial genetic
testing may not match the clinical diagnosis (Fig. 5a–d).

Dystrophinopathies (X-linked dystrophies with dystrophin
mutations including Duchenne and Becker)

Duchenne muscular dystrophy is the prototypical example
of a muscular dystrophy and represents the most common
type of the X-linked dystrophinopathies—diseases caused
by mutations in the dystrophin gene. Other clinical mani-
festations of dystrophinopathies include the milder variant
known as Becker muscular dystrophy, as well as rare
symptomatic carries, rare patients with predominantly car-
diac phenotype, and rare patients in whom the disease
presents as exercise-induced rhabdomyolysis. In general,
there is a genotype–phenotype correlation: mutations that
prevent any dystrophin synthesis by introducing an early-
stop codon or frame shift typically cause Duchenne mus-
cular dystrophy; mutations that are less disruptive may lead
to expression of a shortened or only partly functional form
of the protein. These latter patients typically have a milder
clinical course that may, for example, follow that of Becker
muscular dystrophy. Dystrophin is part of the
dystrophin–glycoprotein complex that provides a link
between the cytoskeleton inside the cell and the basement
membrane outside the myofibers. Disruption of this protein
complex is thought to lead to focal disruption of the sar-
colemma during contraction that allows calcium entry and,
ultimately, cell death. Continuous muscle damage may
outpace the muscle’s regenerative capacity, leading to the
progressive loss of muscle mass and increasing chronic
remodeling that manifests as the relentlessly progressive
course of muscular dystrophies (Fig. 2). Typical cases of
Duchenne are easily confirmed on immunohistochemical
studies of biopsies because antibodies to different domains
of this large 400 kD protein all show loss of expression. In
most practices, biopsies for Duchenne have become very
uncommon due to the transition in the diagnostic approach
towards genetic testing. Biopsies from patients with unusual
mutations or other forms of dystrophinopathies are, how-
ever, still encountered (Fig. 5a–f). The workup of these

samples by immunohistochemistry can be challenging
because only some domains may be disrupted resulting in
loss of staining with only selected antibodies. Addressing
the question of a dystrophinopathy on a muscle biopsy,
therefore, requires the use of a panel of antibodies recog-
nizing different parts of the protein and is often com-
plemented by staining for nitric oxide synthase 1 (NOS-1)
[68, 69]. NOS-1 is anchored to its subsarcolemmal location
by dystrophin. Its normal sarcolemmal staining pattern is,
therefore, lost in cases of dystrophinopathy. It is important
to establish an accurate diagnosis to guide further man-
agement. Follow-up by a cardiologist represents an impor-
tant element of care for patients with dystrophinopathies
due to the common cardiac involvement in dystrophino-
pathies. In addition, there have been some promising
advances towards treatment of Duchenne muscular dystro-
phy including exon skipping or early-stop codon read
through that require an exact description of the underlying
genetic defect [70].

Limb girdle muscular dystrophies

The limb girdle muscular dystrophies (LGMDs) represent a
large group of over 30 different diseases with autosomal
dominant or recessive inheritance pattern [71]. As the name
implies, these diseases typically share a pattern of weakness
with accentuated involvement of proximal muscle groups.
Historically, they were defined by an autosomal inheritance
pattern, a pattern of proximal muscle involvement of the
limbs, high creatine kinase levels, and prominent dystrophic
myopathy but also the lack of typical features of myotonic
dystrophy. Today the limb girdle muscular dystrophies are
recognized as diverse group of genetically defined diseases.
The individual genes are often linked to other allelic disease
manifestations [71]. Patients with dysferlin mutation, for
example, sometimes develop a phenotype of distal lower
extremity weakness instead of limb girdle muscular dys-
trophy, and some patients with FKRP mutations sometimes
present as congenital muscular dystrophy rather than limb
girdle muscular dystrophy. The incidence of different limb
girdle muscular dystrophies varies by geographic regions
but overall calpainopathies, dysferlin deficiency, sarcogly-
canopathies, and dystroglycanopathies are the most com-
mon forms [71–74]. Most limb girdle muscular dystrophies
show chronic active myopathy on biopsy, often with
necrosis and fibrosis (Fig. 5). Dysferlinopathy (LGMD 2B)
is detailed below as an example and because it demonstrates
some unique diagnostic features.

Dysferlin is a transmembrane protein that is expressed in
skeletal muscle and thought to have a role in regulating
vesicle trafficking and membrane resealing after injury.
Mutations in dysferlin are the genetic cause for limb girdle
muscular dystrophy 2B (OMIM 253601) but are also linked
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to other more rare presentation including Miyoshi myo-
pathy (OMIM 254130), distal myopathy with anterior tibial
onset (OMIM 606768) and exercise-induced rhabdomyo-
lysis. Patients with limb girdle muscular dystrophy 2B may
have variable onset of symptoms but are often adolescents
or young adults. Creatine kinase levels are markedly ele-
vated in most patients and some are initially thought to
suffer from an inflammatory myopathy. The distinction of
limb girdle muscular dystrophy 2B from acquired inflam-
matory myopathies may also be challenging for the
pathologist because features of chronicity are often subtle
early in the disease course, and because inflammatory
infiltrates and class I major histocompatibility complex
upregulation are not infrequent findings. The basic histo-
morphology may not resolve this differential diagnosis but
immunohistochemical staining for dysferlin can help to
identify the loss of normal protein expression as a clue to
the underlying biologic process (Fig. 5h–l). Limb girdle
muscular dystrophy 2B and facioscapulohumeral dystrophy
are the two types of dystrophies that most frequently show
mononuclear inflammatory cell infiltrates as a red herring
that can lead to the erroneous diagnosis of an inflammatory
process but the same phenomenon is also described in other
dystrophies [75, 76]. A second unusual morphologic feature
of the myopathy associated with dysferlin deficiency is the
presence of amyloid deposition in some cases [77].

Congenital myopathies

The group of congenital myopathies, sometimes also known
as the “structural myopathies”, is, to some extent, more
satisfying to the histopathologist because they are defined by
morphologic changes, such as nemaline rods or central cores
[59, 78]. The basic diagnosis of congenital myopathies is,
therefore, relatively straightforward for those patients that
present in a typical fashion with weakness and hypotonia in
infancy or early childhood. Some patients, however, do not
come to attention until late childhood or early adulthood,
despite the name “congenital”. In these cases, the diagnosis
may be more challenging. A diagnosis of congenital myo-
pathy is typically not a major consideration in these older
patients and the pathologic diagnosis may, therefore, be an
unexpected finding [79]. In these cases, the biopsy typically
shows type I predominance and selective type I atrophy/
hypotrophy. The pathologic changes may also include fea-
tures of chronic remodeling with fibrosis and fatty replace-
ment. The diagnostic histologic findings may sometimes be
obvious but are in other cases only found after examination
of special stains and careful study of the biopsy. In addition,
the genetic basis cannot be determined based on histomor-
phology. Central core disease, for example, may result from
mutations in a number of genes including RYR1, NEB,
SEPN1, ACTA1, and KBTBD13. There is some morphologic

overlap between targetoid formations seen in the context of
denervation, central cores and mini-cores. Nicotinamide
adenine dinucleotide tetrazolium reductase (NADH-TR)
reaction, succinate dehydrogenase (SDH) reaction, COX
reaction as well as ultrastructural studies can help to define
core-type inclusions. Central cores are clearly demarcated
mitochondria free zones (Fig. 6a) that retain ATPase reac-
tivity (Fig. 6b). The background muscle fibers show type I
predominance. The cores are usually single and centrally
located. On electron microscopy, unstructured cores show
large areas of Z-band streaming that extend longitudinally
parallel to the long axis of the myofibers (Fig. 6c) while
structured cores are well demarcated mitochondria-free zones
with only subtle Z-band irregularity (Fig. 6d, arrows).
Minicores may be quite irregular and subtle on light micro-
scopy (Fig. 6e arrow) in which case electron microscopy can
help to identify multiple small areas of Z-band irregularities,
often limited to just the length of two or three sarcomeres
(Fig. 6f arrows). Multiple separate mini-cores may be found
within one fiber. Well-formed target fibers contain a clear
central zone, a dark intermediate zone and a pale peripheral
zone on NADH-TR staining (Fig. 6g). In practice, however,
“targetoid” changes are more common and very similar to
central cores on light microscopy and ultrastructure exam-
ination. The distinction often relies on the overall context.
The diagnosis of central core disease or disease with core-
type inclusions may be confirmed by genetic testing. In late-
onset cases, the phenotype may be dominated by axial
weakness [79, 80]. A diagnosis of central core disease with
RYR1 mutation has additional potential implications for the
patient because of the association of some RYR1 mutations
with malignant hyperthermia.

Sporadic late-onset nemaline myopathy

An interesting twist on the story of muscle biopsies with
features of congenital myopathies, or mimicking congenital
myopathies, is seen in those patients that are now classified
by some as sporadic late-onset nemaline myopathy
(SLONM) [81, 82]. The biopsies of affected patients show
features of nemaline myopathy with chronic atrophic
changes and clusters of nemaline rods that are often best
seen on the modified Gomori trichrome stain (Fig. 6h) and
confirmed by electron microscopy (Fig. 6i). These nemaline
rods are easily missed on initial inspection of routine his-
tologic slides. It is, therefore, good practice to specifically
look for abnormally coarse granular inclusions on the
modified Gomori trichrome stain when examining a biopsy
of an elderly person with otherwise non-specific atrophic or
mild chronic myopathic changes. The presentation in
patients with sporadic late-onset nemaline myopathy is, as
implied by the name, thought to be sporadic. Most patients
are in their fifties or sixties and present with slowly
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progressive weakness. In some patients, the disease is
accompanied by a monoclonal gammopathy, human
immunodeficiency virus (HIV) infection, or another
immune disorder and some patients improve if the under-
lying disease is treated successfully.

Differential diagnosis

In some instances, a muscular dystrophy is initially mis-
taken for a different disease process because the biopsy
exhibits features not typically seen in a dystrophy, such as

mononuclear inflammatory cell infiltrates. The pitfall of
erroneously labeling a dystrophy as inflammatory myopathy
has already been discussed [75, 76]. On the other hand,
some patients that are initially classified as having a mus-
cular dystrophy are only later discovered to have a different
disease. For example, some patients with late-onset Pompe
disease may initially be thought to have limb girdle mus-
cular dystrophy [83], and some patients with immune-
mediated necrotizing myopathy may have an initial clinical
presentation that mimics muscular dystrophy [19, 48, 49].
Sporadic inclusion-body myositis (discussed in Section I)

Fig. 6 Cores, targets, inclusions, and vacuoles. a–c Central core dis-
ease in a 10-year-old boy with a RYR1 mutation. a SDH highlights
numerous central cores; a few fibers contain multiple cores (arrows). b
ATPase pH 4.3 show type I fibers (dark) predominance and atrophy.
Type II fibers (light) are hypertrophied. c Electron micrograph
showing unstructured cores. Arrows delineate boundary of the mito-
chondria free zone. The center shows Z-band streaming. d Structured
core from a 2-year-old female with central core disease, malignant
hyperthermia, and RYR1 mutation. Arrows delineate mitochondria free
zone. e, f Multi-minicore disease in a 2-year-old female with MYH7
mutation. e SDH. f Electron microscopy. g Target fibers on NADH
stain in an adult patient with amyotrophic lateral sclerosis. h, i

Sporadic late-onset nemaline myopathy. Gomori trichrome (h) and
electron microscopy (i) images show nemaline myopathy in a 61-year-
old man with lupus. j–m Tubular aggregate myopathy. j Gomori tri-
chrome. k EM: tubular aggregates. l Electron microscopy: cylindrical
spirals. m Electron microscopy: vesicular membranous aggregate. (k,
l, m are from three separate patients). n–p Glycogen storage disease
type V (McArdle disease) from a 14-year-old female with exercise-
induced cramp and rhabdomyolysis. n H&E shows subsarcolemmal
vacuoles (arrows). o Non-aqueous PAS without diastase showing
glycogen accumulation (arrows). p Myophosphorylase enzyme histo-
chemical stain shows no enzyme activity in myofibers but retained
expression in vessels (arrows)
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also shows chronic myopathic changes on muscle biopsy
similar to those seen in dystrophies. The presence of
inflammation, and rimmed vacuoles as well as the patient
age are typically thought to set sporadic inclusion-body
myositis aside from dystrophies. In this context it is, how-
ever, important to keep in mind that rimmed vacuoles are
not pathognomonic for (sporadic) inclusion-body myositis
but also found in rare hereditary diseases, including her-
editary inclusion-body myopathy as well as other rare
chronic myopathies [36–39]. The importance of considering
other diagnosis, therefore, increases if histomorphology and
clinical context diverge from what would typically be
expected in sporadic inclusion-body myositis.

Section IV: Myopathies with distinctive
inclusions or vacuoles

Normal myofibers are characterized histologically by a
uniform fine internal reticular pattern that may be see on
H&E stained sections and is highlighted by the modified
Gomori trichrome stain. This pattern is the result of the
uniform regular arrangement of myofibrillar bundles sur-
rounded by cytoplasm, including glycogen and membra-
nous organelles, such as sarcoplasmic reticulum and
mitochondria. Disruption of this normal internal archi-
tecture, aggregation of proteins, or accumulation metabo-
lites like glycogen may result in vacuoles or inclusions that
in turn provide clues to the underlying diagnosis.

Mitochondrial aggregates and mitochondrial
myopathies

Mitochondrial diseases are the great mimicker in the world
of neuromuscular diseases: They may present at any age
and may cause peripheral neuropathy, progressive myo-
pathy or acute exercise-induced rhabdomyolysis. In addi-
tion, they can be associated with various systemic
manifestations ranging from endocrinopathy to cardio-
myopathy to seizures or gastrointestinal problems. The
genetics of mitochondrial diseases are complex with nuclear
encoded defects inherited as Mendelian traits and mito-
chondrial DNA variants that show a maternal pattern of
inheritance [84]. A muscle biopsy from an affected patient
may exhibit obvious features of myopathic damage or may
only exhibit mild fiber atrophy. However, three morpholo-
gic changes are important to recognize as suggestive of a
diagnosis of a mitochondrial disease, (1) ragged red fibers
(RRF), (2) COX negative fibers, and (3) strongly SDH
reactive blood vessels:

(1) Ragged red fibers result from the aggregation of
mitochondria within the cytoplasm. Typically these

are found in subsarcolemmal distribution where they
result in a rind-like thickening that is often already
appreciable on the H&E section and better visualized
on the modified Gomori trichrome stain. The reddish
color of the granular subsarcolemmal mitochondrial
aggregates on Gomori trichrome stain is the origin of
the name, ragged red fibers. Staining for SDH also
highlights the subsarcolemmal mitochondrial aggre-
gates and may aid in distinguishing them from other
inclusions that may at times share similar morphology
on the trichrome stained sections. Ultrastructural
studies confirm the presence of mitochondrial aggre-
gates and may further identify morphologically
abnormal mitochondria, such as those with intrami-
tochondrial paracrystalline inclusions (“parking lot
structures”) or concentric membranous arrangement
of cristae (“phonograph records”).

(2) COX-negative fibers may appear normal on H&E
sections, but the enzyme histochemical staining
confirms the absence of enzyme activity. The presence
of scattered myocytes that do not express any
cytochrome oxidase activity is strong supporting
evidence of a mitochondrial myopathy.

(3) Cases of mitochondrial myopathy, encephalopathy,
lactic acidosis and stroke-like episodes (MELAS)
have been reported to show perimysial muscular
blood vessels with markedly increased SDH reactivity
[85].

The presence of ragged red fibers or COX negative fibers
may suggest a diagnosis of mitochondrial disease in the
appropriate clinical context [84]. Ragged red fibers and
COX negative fibers can, however, also be part of normal,
age-related changes. There is no widely accepted threshold
for how many ragged red fibers or COX negative should be
considered substantially increased. Bernier et al. suggested
a cutoff of >2% ragged red fibers for any age, >2% COX-
negative fibers in patients between age 30-50 years, and
>5% COX-negative fibers in patients over 50 years as major
criteria for mitochondria myopathy [86]. Any ragged red
fibers in patients under 30 year of age, 1–2% ragged red
fibers in patients between 30 and 50 years, and >2% fibers
with subsarcolemmal mitochondria accumulation in chil-
dren under 16 years would be considered minor criteria.
Several other notable exceptions are listed below. The
decision regarding further biochemical or genetic testing
depends on the details of the clinical context.

1. Ragged red fibers and COX negative fibers may be
seen in large numbers in Zidovudine (AZT) toxicity,
sporadic inclusion-body myositis and some cases of
polymyositis [28, 29, 55, 87, 88]. An important
clinical clue to separate primary mitochondrial
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myopathy from sporadic inclusion-body myositis can
be external ocular muscle weakness (ophthalmople-
gia), which is a common features in patients with
mitochondrial myopathy but not usually found in
sporadic inclusion-body myositis patients.

2. External ocular muscles and axial muscles such as
paraspinal and scalene muscles may have a high
number of COX-negative fibers without association
with a mitochondrial disorder. The consensus report
from the mitochondrial medicine society recommends
using vastus lateralis as the preferred site for muscle
biopsy in the evaluation of mitochondrial disease [89].

3. Absence of ragged red fibers and COX-negative fibers
does not completely exclude mitochondrial disease.

4. Children under 5 years of age with mitochondria
disorders may not have overt ragged red fibers or
SDH hyper-reactive fibers. Mild subsarcolemmal
mitochondria accumulation is a more common finding
in children with mitochondrial myopathy.

5. Myofibers with drying artifact or mild cautery artifact
may have selective loss of COX activity, but
relatively preserved SDH reactivity. The same is true
for atrophic perifascicular fibers in dermatomyositis
patients. This abnormality is particularly evident on
COX/SDH double stain. In general, any zonal loss of
COX reactivity should not be considered evidence of
a mitochondria disorder.

Nemaline rods

Nemaline rods are a feature of nemaline myopathy or
sporadic late-onset nemaline myopathy (discussed above,
Section III). They are mentioned in this context because
they may appear as red subsarcolemmal aggregates on
Gomori trichrome stain, or as granular cytoplasmic inclu-
sions on H&E stain. Nemaline rods may also be seen in
other conditions some of which may now be regarded as
part of the spectrum of sporadic late-onset nemaline myo-
pathy spectrum including dermatomyositis and HIV [90,
91] and have rarely been reported in normal aging [88].

Ring fibers and tubular aggregates

Ring fibers are characterized by a peripheral concentric thin
layer of myofibrils that appear to encircle a myofiber when
viewing the muscle on cross-sections (Fig. 2). Ring fibers
are particularly prominent in myotonic dystrophy but may
be encountered in other settings.

Tubular aggregates represent inclusions that may be seen
as discrete, subsarcolemmal aggregates that are red on the
modified Gomori trichrome stain (Fig. 6j). Ultrastructurally
these may be composed of stacks of tubules (Fig. 6k),

cylindrical spirals (Fig. 6l), or vesicular membranous
structures (Fig. 6m) [92–94]. They are thought to be derived
from sarcoplasmic reticulum and stain on the NADH-TR
reaction but lack SDH activity. Tubular aggregates may be
seen in some cases of periodic paralysis, some myasthenic
syndromes or tubular aggregate myopathy but are also
encountered in acquired non-specific myopathies. The
finding of tubular aggregates, therefore, requires further
correlation with clinical findings and other morphologic
changes.

Target and formations and cores

Target formations are concentric zones of altered myofi-
brillar arrangement and enzyme content creating a central
zone, or bull’s eye. They are typically thought of as a fea-
ture of neurogenic changes and may be the result of myo-
fiber re-innervation. Morphologically targets show overlap
with core formations as discussed above.

Cytoplasmic vacuoles/vacuolar myopathies

Aggregation of fat, lipids, or membrane-bound vacuoles
may all appear as vacuoles by routine light microscopy. The
descriptive term “vacuolar myopathy” often provides an
initial first step towards arriving at a diagnosis. Subsequent
special studies often help to narrow down the differential
diagnosis. Periodic acid-Schiff (PAS) staining, oil-red-O
staining, acid phosphatase reaction, immunohistochemistry
for sarcolemmal proteins, and electron microscopy are
helpful tools in defining the nature of inclusions. The rim-
med vacuoles of inclusion-body myositis are discussed in
Section I. This section will focus on other types of vacuolar
myopathies. The main differential considerations include
glycogen storage disease (GSD), lipid storage disease
(LSD), autophagic vacuolar myopathies, and toxic effects of
certain medications.

Vacuole-like spaces are, unfortunately, also a common
artifact introduced by suboptimal processing and slow
freezing. Ice crystal artifact is common in the frozen section
of a muscle biopsy and is often characterized by regional
distribution in the biopsy with more and less affected areas.
The ice crystals lack peripheral rimming, are optically clear,
and tend to be uniformly distributed within the individual
affected myofiber, often creating small regularly spaced
areas of clearing imparting a sieve like appearance. When
there is uncertainty, examining non-frozen specimens
resolves the presence of a freezing artifact.

Glycogen storage diseases

The most common appearance of vacuoles from patients
with glycogen storage diseases is that of cytoplasmic
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vacuoles creating subsarcolemmal blebbing (Fig. 6n). These
vacuoles contain very fine faint granular material that is
often better seen on the modified Gomori trichrome than the
H&E stain. A PAS stain without diastase (Fig. 6o) and
electron microscopy confirm the presence of glycogen
particles in these blebs. The most common types of gly-
cogen storage disease that may be encountered in a muscle
biopsy with subsarcolemmal blebbing are McArdle disease
(glycogen storage disease type 5) and adult-onset acid
maltase deficiency. McArdle disease is a typical example of
a metabolic disease presenting with episodic symptoms,
often exercise intolerance and cramping, while patients with
adult-onset acid maltase deficiency typically have a slowly
progressive clinical course of proximal muscle weakness
resembling a muscular dystrophy [95]. The diagnosis of
glycogen storage disease type 5 may be confirmed with
enzyme histochemistry for myophosphorylase activity,
which demonstrates complete absence of staining in myo-
fibers but retained reactivity in endothelial cells (Fig. 6p).
The latter is a useful internal control.

Adult-onset acid maltase deficiency results from milder
deficiency of the same enzyme that is mutated in Pompe
disease (glycogen storage disease type 2). It is the only
glycogen storage disease in which glycogen accumulates
within lysosomes [96]. The diagnosis of adult-onset acid
maltase deficiency may be supported by an acid phos-
phatase stain to demonstrate the prominence of lyso-
somes, as well as electron microscopy to confirm the
presence of membrane-bound glycogen within lysosomes.
Other diseases that interfere with lysosomal function may,
however, also have some membrane-bound glycogen.
Muscle involvement in adult-onset acid maltase defi-
ciency is quite variable. Paraspinal and respiratory mus-
cles are often prominently affected both clinically
and pathologically, while limb muscles may be mildly
affected or appear normal morphologically. The earliest
finding is increased lysosomal reactivity detectable by
acid phosphatase stain, followed by ultrastructural con-
firmation of glycogen accumulation in membrane-bound
lysosomes.

Other rare forms of glycogen storage disease that may
demonstrate subsarcolemmal blebbing are type 3 (Cori
disease), type 7(Tarui), type 9 (Phosphorylase kinase defi-
ciency), type 10 (Phosphoglycerate mutase deficiency), and
type 14 (Phosphoglucomutase 1 deficiency). Glycogen
storage disease type 4 (Glycogen debranching enzyme
deficiency) may have more structured amylopectin-like
deposits called “polyglucosan bodies”. Definitive diagnosis
of glycogen storage diseases relies on glycolytic pathway
enzyme analysis or genetic analysis. It should be noted that
normal muscle morphology does not exclude a diagnosis of
glycogen storage disease, particularly in a patient with
episodic symptoms.

Lipid storage myopathies

Vacuolar myopathy secondary to lipid storage diseases is
generally easy to recognize by morphology. The vacuoles
correspond to small round lipid droplets evenly distributed
throughout the cytoplasm. These are usually more promi-
nent in type I than type II muscle fibers and may be high-
lighted by Oil Red O or Sudan Black stains. The most
common causes of lipid accumulation are acquired,
including malnutrition, total parenteral nutrition, chronic
kidney diseases, cirrhosis, drugs, and toxins. Hereditary
lipid storage myopathies include primary carnitine defi-
ciency, multiple acyl-CoA dehydrogenase deficiency
(MADD) and other beta-oxidation enzyme deficiencies,
neutral lipid storage disease with ichthyosis, and neutral
lipid storage disease with myopathy [97]. Multi-organ
involvement (including liver, brain, and heart) is common
in hereditary lipid storage diseases. The classification is
difficult on biopsy because of the lack of informative spe-
cial stains. Definitive diagnosis is usually made by bio-
chemical assays or genetic analysis.

Autophagic vacuolar myopathies

The two most common forms of autophagic vacuolar
myopathies are X-linked myopathy with excessive autop-
hagy (XMEA) and Danon disease. Both show vacuoles that
are scattered throughout the cytoplasm rather than clustered
in the subsarcolemmal region [98]. The vacuoles are lyso-
somal in origin and, therefore, positive for acid phosphatase
activity like those in adult-onset acid maltase deficiency.
They contain glycogen particles and myeloid debris by
electron microscopy. These vacuoles also have a membrane
with sarcolemmal features, and unlike typical lysosomal
membranes, are positive on immunohistochemical stains for
sarcolemmal proteins like dystrophin and sarcoglycans [98].
As a result, these disorders have been grouped together as
“autophagic vacuolar myopathy with sarcolemmal fea-
tures”. Both, X-linked myopathy with excessive autophagy
and Danon disease, are caused by X-linked recessive
mutations and the vacuolar myopathy usually manifests
only in males. Patients with Danon disease have cardio-
myopathy and some have mental retardation. Neither of
these two features is typical for patients with X-linked
myopathy with excessive autophagy [99]. Danon disease is
due to a mutation in the gene encoding lysosomal-
associated membrane protein 2 (LAMP-2), and may be
confirmed by a negative LAMP-2 immunostain. Distinctive
features of X-linked myopathy with excessive autophagy
include reduplication of the myofiber basement membrane
detected by electron microscopy and intense sarcolemmal
deposition of complement C5b-9 [100]. The morphologic
diagnosis should be confirmed by genetic analysis.
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Vacuolar myopathies caused by medication toxicity

Several medications are known to cause autophagic
vacuolar myopathy. Chloroquine and hydroxychloroquine
may both lead to myopathy, cardiomyopathy and
peripheral neuropathy. Electron microscopy shows
cytoplasmic inclusions comprised of whorled lamellar
lysosomal debris that may include some glycogen. Iden-
tification of curvilinear bodies as also found in neuronal

ceroid lipofuscinosis is a helpful diagnostic feature.
Colchicine is a common treatment for gout and may
also cause vacuolar myopathy affecting primarily type I
fibers. Muscle biopsy demonstrates myofibers with
central vacuoles positive for acid phosphatase. Ultra-
structurally, the vacuoles correspond to membrane-bound
membranous material. Vacuolar myopathy has also been
reported as a rare complication in patients treated with
amiodarone [101].

Fig. 7 Patterns of muscle
atrophy. a Group atrophy and
fiber type grouping; the former
is evidence of active
denervation, and the latter
evidence of re-innervation
(biopsy from an adult with acute
immune-mediated peripheral
neuropathy). b Normal sized
fibers with fiber type grouping,
indicating prior denervation that
has been fully re-innervated. c
Group atrophy composed of
mixed fiber types suggests active
denervation without re-
innervation (biopsy from an
adult with amyotrophic lateral
sclerosis). d Islands of
hypertrophic type I fibers and
panfascicular atrophy of type II
fibers is a characteristic finding
in spinal muscular atrophy
(biopsy from a 2-year-old infant
with spinal muscular atrophy
type 2). e Type II atrophy; all
type II fibers are small compared
to type I fibers. f Early type II
atrophy, in which the smallest
fibers are type IIb fibers; type IIa
fibers are less affected. g In
children, diffuse type I atrophy
is a common feature of
congenital myopathies (biopsy
from a 13-year-old child with
central nuclear myopathy). h In
adults, selective type I atrophy is
uncommon (biopsy from an
adult with myotonic dystrophy).
(f ATPase stain at pH 4.6; all
remaining panels are ATPase
stain at pH 9.4)
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Section V: Biopsies mainly showing atrophic
changes

Myofiber atrophy is seen on biopsies as variability in
myofiber size, and is a common morphologic change
associated with many different diseases that affect skeletal
muscle. Some biopsies may show atrophy as the sole
change without associated features of myofiber necrosis and
regeneration and without associated inflammatory infiltrates
(Fig. 7). It is helpful to recognize certain patterns of muscle
atrophy that are associated with distinct disease processes:
(a) Grouped atrophy, with clusters of small atrophic, often
angulated fibers, is a feature of denervation and is often
associated with fiber type grouping as visualized on the
ATPase reaction; (b) Perifascicular atrophy is a common
feature of dermatomyositis; (c) Selective atrophy of type II
fibers may be found in association with disuse, corticos-
teroid treatment, or endogenous corticosteroid production;
(d) Selective atrophy of type I fibers in adults is less com-
mon than type II atrophy, but a feature described for
example in myotonic dystrophy; (e) In children, selective
type I fiber atrophy and predominance of type I fibers are
found in most congenital myopathies and myotonic dys-
trophy type I; (f) Scattered atrophic fibers, randomly
affecting fibers of both fiber types, is a common finding in
biopsies from patients with neuromuscular symptoms, but
may be due to either a neurogenic or myopathic process.

Section VI: Biopsies that appear normal on
routine histologic preparations

Some muscle biopsy specimens may appear normal on the
basic histomorphologic studies like H&E stain, modified
Gomori trichrome stain and ATPase reaction. Several
explanations should be considered in this setting: (a) The
muscle tissue may, indeed, be normal and the patient’s
symptoms and findings may not be the result of a disorder
affecting skeletal muscle. (b) The patient’s disease process
may not affect the specific muscle that was chosen for
biopsy. Some myopathies like adult-onset acid maltase
deficiency can result in strikingly selective involvement of
certain muscles while sparing others. A common recom-
mendation is for a biopsy to target a moderately affected
muscle. (c) The absence of diagnostic changes may be
reflective of patchy muscle involvement. Generously sized
muscle biopsy specimens sometimes illustrate how some
diseases are fairly patchy with abnormalities only seen in
some regions of the biopsy. A small sample may, at times,
miss the diagnostic features. (d) In rare instances, special
studies may be required to identify pathologic changes. Some
cases of McArdle disease, carnitine palmitoyltransferase II
(CPT-II) deficiency or mitochondrial disease may appear

normal by light microscopy. In these cases, enzyme histo-
chemical studies, electron microscopy, biochemical analysis
of muscle tissue or genetic testing may be required to tease
out the diagnosis. Amyloid deposition within blood vessels
or connective tissue is also easily missed without a Congo
red stain. In the end, careful review of all clinical information
and discussion with the other members of the clinical team
are important in cases with normal histomorphology in order
to decide which cases warrant further testing.

Conclusion

We have outlined an approach to neuromuscular pathology
based on the common patterns of histomorphologic changes
identified on a muscle biopsy. This approach provides the
first steps in approaching a biopsy and developing a dif-
ferential diagnosis. It is difficult to overemphasize the
importance of integrating the biopsy findings with pertinent
clinical history, physical exam and laboratory findings
(Fig. 1). Myopathic changes with inflammation, for exam-
ple, may fit well for a diagnosis of an inflammatory myo-
pathy in a previously healthy adult with subacute onset of
proximal weakness. Similar morphologic features could,
however, also be seen in a patient with localized symptoms
due to focal myositis or in a patient with a limb girdle
muscular dystrophy. A discussion of the results with other
members of the clinical team often provides the possibility
for more detailed reporting and avoidance for some diag-
nostic errors. The outlined approach only requires a limited
set of initial special stains and may therefore help to use
limited health care resources judiciously by avoiding
unnecessary special stains that will not contribute to
establishing the diagnosis. There have been significant
changes in the role that skeletal muscle biopsies have in the
workup of patients and in the nature of the clinical questions
that accompany these specimens. Often though, skeletal
muscle biopsies yield clinically useful information.
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