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Reporting a 
muscle biopsy 

Professor Safa Al-Sarraj
Department of Clinical 

Neuropathology
Kings College Hospital

London 

Requirements for reporting a muscle biopsy

• Frozen sections ( cant be 
done on formalin fixed 
tissue)

• Experienced  technician-
Orientation of the biopsy 
with dissecting microscope  

• Fully equipped lab 

• Reporting 
Organised
Comprehensive
Full correlate with clinical data

Freezing artefact 
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Stains
1. H&E
2. NADH-TR
3. ATPase 9.4, 4.6, 

3,3   or 
Fast and slow 

heavy chain myosin 
4. Gomori trichrome
5. PAS. PAS with 

Diastase
6. SDH
7. Cytochrome 

oxidase with and 
without SDH

8. Sudan black
9. Phosphorylase
10. Acid phosphatase

Muscle techniques 
IMMUNOHISTOCHEMISTRY

inflammatory panel 

HLA class 1 ( ABC) 

Utrophin

Fetal myosin

C5b-9 ( compliment) 

p6

Sarcolemmel protein ( for muscular 
dystrophy)

Dystrophins (I, II, III)

Sarcoglycans (alpha, beta, 
gamma, delta)

Laminins ( alpha 2 and 5, Beta 1 
and Gamma1)

Emerin

Dysferelin

Caveloin

Myofibrillar myopathy 

BA4, Tau, Myotlin, AB Cryslaline. 
Desmin

MORPHOMETRY

E.M
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How to read a muscle biopsy 

1. INFLAMMATORY MYOPATHY

2. NEUROGENIC

3. METABOLLIC

4. DYSTROPHY

5. CONGENITAL MYOPATHY

6. MITOCHONDRIAL MYOPATHY 

Idiopathic inflammatory myopathy

• Polymyositis

• Adult and Juvenile myositis

• Inclusion body myositis

• Malignancy associated myositis ( paraneoplastic) 

• Overlap myositis( associated with vascular collagen diseases)

• Juvenile myositis

• Focal myositis

• Granulomatous myositis
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Pathological criteria for inflammatory myopathy

Small fibres
Perifascicular atrophy (DM)
Increased endomysial CT
Microvascular changes (DM)
Inflammatory cells
Phagocytosis
Necrotic fibres
Moth-eaten fibres in NADH-TR
Inclusions (IBM)
Rimmed vacuoles (IBM)
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Polymyositis
HLA-ABC

Current opinion in Rheumatology 2007,19: 523-529

Antibodies Nature of target antigens Frequency in IIM 
(%)

Clinical significance

Myositis-specific autoantibodies (MSAs)
anti-ARS

anti-Jo-1                Histidyl-tRNA synthetase 15-20 Antisynthetase syndrome
anti-PL-7 Threonyl-tRNA synthetase            5-10                          (myositis, interstitial
anti-PL-12 Alanyl-tRNA synthetase <5 pneumonia, polyarthritis, 
anti-EJ Glycyl-tRNA-synthetase 5-10                         mechanic’s hand,
anti-OJ Isoleucyl-tRNA synthetase <5 Raynaud’s phenomenon,
anti-KS Asparaginyl-tRNA synthetase        <5                           fever)
anti-Zo Phenylalanyl-tRNA synthetase       <1
anti-YRS Tyrosyl-tRNA synthetase <1

anti-SRP Signal recognition particle 5-10                         Necrotising myopathy
anti-Mi-2 218/240 kDa helicase family             5-10                    Dermatomyositis

proteins
anti-CADM-140        Unknown 140 kDa protein 50 (C-ADM)                 Specific in C-ADM
anti-p 155 (/p140)     Transcriptional intermediary    20 (dermato- Dermatomyositis especially

factor 1 �                            myositis                   in cancer-associated 

dermatomyositis
anti-MJ Unknown 140 kDa protein <5                         Juvenile dermatomyositis
anti-PMS1 DNA repair mistmatch enzyme        <5

Myositis-associated autoantibodies (MAAs)
anti-U1RNP U1 small nuclear RNP 10 Overlap myositis, MCTD
anti-Ku 70/80 kDa DNA-PK regulatory       20-30 Polymositis-SSc overlap in

subunit                                                              Japanese
anti-PM-Scl              Nuclear protein complex of 11-16  8-10 Polymositis-SSc overlap in

proteins                                                            Caucasians

ARS, aminoacyl-tRNA synthetases; C-ADM, clinically amyopathic dermatomyosits; DNA-PK, DNA-dependent protein kinase; 
MCTD, mixed connective tissue disease; SSc-scleroderma      
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Dermatomyositis

CD4

HLA-ABC                                                                C5b-9

Dermatomyositis
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IS THE PATTERN OF CAPILLARY DEPOSITION 
OF COMPLEMENT MEMBRANE ATTACK COMPLEX USEFUL 

IN THE DIFFERENTIAL DIAGNOSIS OF INFLAMMATORY 
MIOPATHIES?

Villagra N.T., Gordon P, Bodi I., King A, Buk S., 
Hortobagyi T., and Al-Sarraj S.

Departments of 1Clinical Neuropathology and 2Reumathology, 
King’s College Hospital London, UK.

3Department of Neurology-Histopathology, 
Marques de Valdecilla Hospital, Santander, Spain

C5b-9 CAPILLARY STAIN
Two patterns

Pattern 1

•Continuous staining in capillaries

•Staining the whole thickness of the wall

•Usually on a clean endomysial background

Pattern 2

•Granular staining in capillaries

•Irregular staining of the capillary wall

•Usually some staining in the endomysium

C5b-9                                                        DM

C5b-9                                                       IBM
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C5b-9                              DM

TWO C5b-9 CAPILLARY 
STAINING PATTERNS

TWO C5b-9 CAPILLARY 
STAINING PATTERNS

Type 2: 
Granular staining

Type 1: 
Continuous and intense staining

C5b-9                            IBM

DM IBM

Dermatomiositis Inclusion body miositis
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Pattern 2
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INCLUSION BODY MYOSITIS

P62
HLA - ABC

Amyloid birefringence 

Ubiquitin

P62 TDP43

Congo red
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Inclusion Body 
Myositis
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INTRODUCTION
Idiopathic inflammatory myopathies 

INTRODUCTION
Idiopathic inflammatory myopathies 

Overlap myositis

Muscle involvement in collagen vascular disease

• 25-25% clinically

• Rare pathologically ? under investigated
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Mixed Connective tissue Disease

SLE
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Necrotizing myopathy
• Inflammatory myopathy
• Toxic-drug induced myopathy 
• Paraneoplastic
• Necrotizing myopathy with pipestem capillaries
• Anti signal recognition particles (SRP)
• Others 

Connective tissue disease e.g Polymylgia rheumatica

Pyomyositis

Sarcoidosis

Tichinosis



King’s College Hospital

www.kch.nhs.uk 15

Necrotizing myopathy

NEUROGENIC MUSCLE CHANGES

Seen in various condition such as MND, peripheral  neuropathy, 
vasculitis ( damaging the nerve)  and spinal nerve root compression  

Histology 
1. Group atrophy
2. Small angulated fibres
3. Fibre hypertrophy
4. Internal nuclei (less than 10%)
5. Target fibres (NADH-TR)
6. Fibre type grouping (ATPase)
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Early Neurogeneic changes 

Neurogenic muscle changes

ATPase 4.4

NADH-Tr 
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Mitochondrial Myopathy: 
Practical points

MITOCHONDRIAL DISORDER DUE TO MT DNA ABNORMALTY

Mt DNA rearrangements( deletion or duplication)
Kearns –Sayer Syndrome (KSS)
Progressive eternal ophthalmoplegia (PEO)
Pearson marrow/pancreas syndrome
Point mutation in MT tRNA
Myoclonic epilepsy with ragged red fibres  (MEERF)
Mitochondrial encephalopathy with lactic acidosis and stroke –like syndrome ( MELAS)
Point mutation in the MT protein coding gene
Leber hereditary optic neuroretinopathy (LHON)
Neuropathy ataxia and retinitis pigmentosa(NARP)
Inherited leigh syndrome 

MITOCHONDRIAL DISORDER DUE TO NUCLEAR DNA ABNORMALITIES

MITOCHONDRIAL  MYOPATHY

Histology 
1. Subsarcolemmal

basophilic material (H&E, 
SDH, NADH)

2. Ragged red fibres
3. COX negative fibres
4. EM – abnormal 

mitochondria with 
inclusions
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Mitochondrial myopathy 

COX
COX-SDH

Ragged red fibre- GT SDH 
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Acid Maltase Deficiency: 17q25
Aldolase A: 16p11

Branching enzyme deficiency: 3p12
Debrancher: 1p21
� -Enolase: 17p13

Glycogen synthase 1: 19q13
Glycogenin: 3q24

Hexokinase 1 (HMSNR): 10q22
Lactate dehydrogenase A: 11p15

Lafora disease: Laforin, 6q24
Lamp-2: Xq24

Phosphofructokinase: 12q13
Phosphoglucomutase 1: 1p31

Phosphoglycerate Kinase: Xq21
Phosphoglycerate Mutase: 7p13

Phosphorylase (McArdle's): 11q13
Phosphorylase b Kinase

PHKA1: Xq13
PHKB: 16q12

PRKAG2: 7q36
Polyglucosan body

Branching enzyme (GBE1)
Myopathy: 3p12

Syndrome
Myopathy (PGBM)
1: RBCK1; 20p13
2: GYG1; 3q24

Triosephosphate isomerase: 12p13

Metabolic myopathy 

Acid maltase deficiency

Acid phosphatase 

GT PAS 

ATPase

NADH-TR 
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Acid Maltase deficiency

Acid phosphatase 

PAS 

McArdle's diseases 

PAS 

PAS Myophpspholyrase 
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McArdler’s Disease

myophosphorylase

PAS 

Muscular Dystrophy
Histology( Variable depeends on the 
subtype but common features are: 

1. Marked variation in muscle 
fibres sizes

2. Small atrophic fibres

3. Large and hypertrophic fibres

4. Fibre split

5. Increase internal nucleated 
Increase in the endomysial
connective tissue fibres , 
wrapping individual fibres

6. Disruption of muscle inter 
myofibrillar architecture such 
as whorls , ring fibres 
,splitting
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Dys 1 Dys 2 Dys 3 

Spectrin 

Duchenne muscular dystrophy 

Sarcoglycan 
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Duchene carrier

BECKER DYSTROPHY

Dys 1 Dys 2 Dys 3 

Dys 1 Dys 3 
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Limb-girdle dystrophy

Limb girdle dystrophies: Dominant
1A: Myotilin; 5q31; Dysarthria
1B: Lamin A/C; 1q21; + Cardiac
1C: Caveolin-3; 3p25; Child onset
1D: 7q
Dilated Cardiomyopathy(?1E): 

6q23
1F: 7q32
1G: 4p21
Ankle contractures & High CK
Bethlem: Collagen VI; 21q22 & 

2q37
Central core: Ryanodine receptor 

(19q13)
Cytoplasmic body: 2q24; 2q21 + 

Other
Distal myopathies
MPD2: 5q31; ? Same locus as 

LGMD1A
Emery-Dreifuss: Lamin A/C; 1q21
Facioscapulohumeral: 4q35
Myofibrillar (Desmin storage)
Desmin: 2q35; AD or AR
� B-crystallin: 11q22
Filamin C: 7q32
LGMD 1A: Myotilin; 5q31
Congenital: SEPN1; 1p36
ZASP myopathy: 10q22
Other

Myotonic (DM1): DMPK; 19q13
Myotonic (DM2): ZNF9; 3q21
Oculopharyngeal: PABP2; 14q11
Skeletal + Myopathy
Bone fragility: 9p21
Paget disease: VCP; 9p13

Spheroid body

Limb girdle dystrophies: 
Recessive
2A: Calpain-3 ;15q15
2B: Dysferlin; 2p13.1
2C: � -Sarcoglycan; 13q12
2D: � -Sarcoglycan; 17q21
2E: � -Sarcoglycan; 4q12
2F: � -Sarcoglycan; 5q33
2G: Telethonin; 17q11-12
2H: TRIM32; 9q31-q33
2I: FKRP; 19q13.3
2J: Titin; 2q31
2K: POMT1; 9q34
Merosin (Laminin � 2)
Absent: 6q2
Reduced: 6q2
Abnormal: LGMD 2I

Caveolin-3 mutation (Gly55Ser)

Limb girdle dystrophies: X-
linked
Barth: G4.5 (Tafazzins); Xp28
Becker: Dystrophin; Xp21
Duchenne: Dystrophin; Xp21
Emery-Dreifuss: Emerin; Xq28
Manifesting carriers
Dystrophinopathy
Myotubularin

McLeod Syndrome: XK; Xp21.1; 
Vacuolar
Danon's disease: LAMP-2; Xq24
Excessive Autophagy: Xq28
Mental retardation & 

Cardiomyopathy

Other inherited myopathies
Barnes's myopathy
Cardiac + Myopathy
Cardiomyopathy-associated 

myopathy
Cardiomyopathy(?LGMD1B)
Dilated Cardiomyopathy: 6q23

Congenital
Myopathies: Late-onset
Muscular dystrophies

Cytoplasmic body myopathies
Distal myopathies
Excessive autophagy: Xq28
Familial myasthenia gravis
FSH dystrophy: 4q35
Hereditary IBM syndromes

IBM1: Dominant
IBM2: GNE; 9p12; Recessive
IBM3: MyHC-IIa; 17p13; 

Dominant
IBM + Paget disease: 9p13; 

Dominant
Metabolic myopathies

Glycogen
Lipid

Mitochondrial
Myopathy + PEO: 17p13; 

Recessive
Myotonic dystrophy
Other dystrophies
Respiratory failure
Scapuloperoneal syndromes
Skeletal + Myopathy
Diaphyseal dysplasia: TGFB1; 

19q13
Epiphyseal dysplasia: COL9A3; 

20q13
Tubular aggregates
Tubular arrays

LGMD: General features

Muscle proteins
Connective tissue
Dystrophin & associated proteins
Intermediate filaments
Neuromuscular junction
Structural & Contractile

LIMB-GIRDLE MUSCULAR DYSTROPHY (LGMD) SYNDROMES2



King’s College Hospital

www.kch.nhs.uk 25

Diagnosis : Muscular dystrophy consistent with dysferlinopathy

Sarcoglycan Dystrophin 

HLA- ABC
ATPase 9.4Dysferlin 

Facioscapulohumeral dystrophy FSH 
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Myofibrillar myopathy 

Desmin 

GT 

SDH 

Congenital myopathy 
Variable histological appearances they share

• Variation of fibre size.
• Atrophy of type 1

• Structural abnormalities

Central core disease
Mini core disease

Central nuclear and myotubular myopathy
Nemaline myopathy 

EM is needed 
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Congenital myopathy

Central Core Disease

Myotubular myopathy
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Nemaline myopathy
GT 

NADH TR 

What do you see ? 
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Central Neuropathology laboratory at the Maudsley hospital
and Kings College Hospital 1915

Medical College- University of Baghdad 1937 
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Thank you 

Professor Safa Al-Sarraj 


