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Muscle pathology can give much information to reach the diagnosis of neuromuscular disorders. Major pathological

changes occurred in skeletal muscles include muscle fiber atrophy/hypertrophy, necrosis/regeneration, inflammation,

myofibrillar disorganization, abnormal inclusions, and disruptions in cellular organelles. Physicians should be able to

understand what each of these findings indicates. However, these are not always specific to a certain disease, and instead most

of them are commonly found in many of muscle diseases. Thus, muscle pathological findings should be carefully interpreted

under the given clinical settings.
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Figure 1. Normal muscle pathology. (A, B) Normal muscle fibers are

polygonal shaped and have multiple nuclei in the periphery (A:
hematoxylin and eosin stain, x200; B: modified Gomori-Trichrome
stain, x200). (C) Darkly stained fibers are type 1 fibers while type 2
fibers are lightly stained in pH 4.3 of adenosine triphosphatase
(ATPase) stain (ATPase, pH 4.3, x200). (D) At pH 9.4 of ATPase stain,
fibers are inversely stained; type 1 fibers are light, and type 2 are dark
(ATPase, pH 9.4, x200).
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Figure 2. Changes in fiber size and types. (A) In muscular dystrophies, atrophic and hypertrophic fibers are randomly mixed. Muscle fibers are

round-shaped and interstitial connective tissues are markedly increased (hematoxylin and eosin [H&E], x100). (B) Most of muscle fibers are
small-sized and round-shaped in congenital myopathies (H&E, x100). (C) At pH 4.3 of adenosine triphosphatase (ATPase) stain, darkly stained type
1 fibers are small-sized and predominant in number (congenital fiber type disproportion, x100). (D) Muscle fibers in the periphery of fascicles are

relatively smaller than the others, which is defined as perifascicular atrophy (nicotinamide dehydrogenase-tetrazolium reductase stain, x100). (E)
Atrophic fibers are angular shaped, and the same type of fibers are grouped (fiber type grouping) (ATPase, pH 4.3, x100). (F) Small-sized fibers are
clustered forming a group, which is called as ‘grouped atrophy’ (H&E, x100).
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Figure 3. Muscle fiber necrosis and regeneration. (A) In necrotic fibers sarcoplasm is faintly stained (arrows), which is why they are called as

‘hyaline’ or ‘liquefied’ fibers (hematoxylin and eosin [H&E], x200). (B) A necrotic fiber is phagocytosed by macrophages (arrowhead), and

regenerating fibers have basophilic sarcoplasm with enlarged nuclei (arrows) (H&E, x200) (C) Activities of acid phosphatase appear highly

elevated in immune-mediated necrotizing myopathy (acid phosphatase, x100).
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Figure 4. Inflammatory infiltration. (A) Inflammatory cells are infiltrated in perimysium and around vessels (dermatomyositis, hematoxylin and
eosin [H&E], x100). (B) Inflammatory infiltration is highlighted in endomysial spaces (polymyositis, H&E, %200). (C) Inflammatory cells are
surrounding non-necrotic fibers (arrows) (inclusion body myositis, H&E, x100).
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Figure 5. Nuclear changes and related findings. (A) Many of muscle fibers have nuclei internally (centronuclear myopathy, hematoxylin and eosin

[H&E], x100). (B) Severely atrophied fibers have clustered nuclei with minimal sarcoplasm, which is called as ‘nuclear clumps’ (arrows) (H&E,

x200). (C) In a longitudinal section, nuclei are serially arranged forming a chain (H&E, %200). (D) Almost all fibers have a single nucleus in the

center of muscle fibers. Centronuclear myopathy (H&E, x200). (E) Sarcoplasmic strands are radially arranged from the center where the nucleus is

located (centronuclear myopathy, nicotinamide dehydrogenase tetrazolium-reductase [NADH-TR], x200). (F) The peripheries of muscle fibers are
faintly stained in NADH-TR stain, which is called as ‘peripheral halo’ (myotubular myopathy, NADH-TR, x400).
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Figure 6. Mitochondrial changes and related findings. (A) Ragged red
fibers have red-colored sarcoplasm because abnormal mitochondria

are highlighted in modified Gomori-Trichrome (mGT) stain (chronic
progressive external ophthalmoplegia [CPEO], mGT, x200). (B)
More bluish colored fibers are ragged-blue fibers, which are
corresponding to ragged red fibers (CPEO, succinate dehydrogenase
stain, x200). (C) Many fibers indicated by asterisks are deficient for
cytochrome ¢ oxidase (COX) stain (CPEO, COX, x200). (D) The
peripheries of fibers are darkly stained in lobulated fibers (chronic
myopathy, nicotinamide dehydrogenase tetrazolium-reductase stain,
%200).
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Figure 7. Myofibrillar changes and abnormal inclusions. (A) Round-shaped zones in the center of fibers are deficient for nicotinamide
dehydrogenase tetrazolium-reductase (NADH-TR) stain, which is called as ‘central core’ (central core disease, NADH-TR, x200). (B) A core
indicated by an arrow is surrounded by darkly stained intermediate zone. This fiber is called as ‘target fiber’ (neurogenic change, NADH-TR, x200).
(O) In several muscle fibers, sarcoplasm is partially defective, which is called as ‘moth-eaten appearance’ (arrows; inflammatory myopathy,

NADH-TR, x200). (D) Nemaline bodies are appeared as red-colored, dot-like shape, and scattered in sarcoplasm (nemaline myopathy, modified

Gomori-Trichrome [mGT], x200). (E) Compact, red-colored inclusions (cytoplasmic bodies) are distributed in a muscle fiber (arrows) (myofibrillar

myopathy, mGT, x200). (F) Green-colored, amorphous inclusions (spheroid bodies) are shown (arrow; myofibrillar myopathy, mGT, x200). (G)
Vacuoles with red-colored rims (rimmed vacuoles) are present in scattered fibers (GNE myopathy, mGT, x200).
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Figure 8. Metabolic myopathies. (A) Many fibers have vacuoles
inside, which are positive for PAS (B) (pompe disease; A:
hematoxylin and eosin [H&E], x200; B: PAS, x200). (C) Multiple tiny
droplets are observed in scattered fibers (arrows) (neutral lipid storage
disease, H&E, %200). (D) Lipid accumulation is highlighted in oil red
O stain (neutral lipid storage disease, oil red O, x100).
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