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Muscle biopsy: large areas of
myofibrillar disorganization

20 mo boy with hypotonia and
severe oromotor disorder
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1. Imaging Modalities
1. US
2. CT
3. Rl
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CT

- Replaced by MRI (exc.: pacemaker, claustrophobia...) / RADIATION
- Discrete inflammatory changes and muscle edema can be easily missed

MRI

- The most important imaging modality in the diagnosis of muscle pathology

- Whole-Body MRI: from head to toes (around 45’)

- T1WI and fat-suressed T2WI are the workhorses in the routine clinical setting
- Assessment of muscular pattern of involvement

- Visual rating scales for fatty replacement and muscle edema

- Muscle edema and represent the first stage of muscle degeneration

- Helpful in directing the muscle biopsy
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Fig.10.2 Neck muscles at the level of C1/C2. DG digas-  posterior muscle, SCM sternocleidomastoid muscle, SP muscl]- *#©

Fig. 10.4 Neck muscles at the level of C6/C7. AS ante-  scalenus muscle, SCM sternocleidomastoid muscle, SH
rior scalenus muscle, IS interspinosus muscle, LC longus  sternohyoid muscle, SP splenius capitis/cervicis muscle,
colli muscle, LSc muscle, MF multifidus ~ SSp supraspinatus muscle, 7R trapezius muscle

S | nO it

tric muscle, LC longus colli muscle, LsC longissimus  splenius capitis, SS semispinalis capitis and cervicis, TR
colli, LPt lateral pterygoid muscle, MA masticator muscle,  trapezius muscle

OCI obliquus capitis inferior muscle, RCP rectus capitis

Fig. 10.24 Muscles of the th: AL adductor longus
muscle, AM adductor magnus muscle, BB biceps femoris
muscle short head, BL biceps femoris muscle long head,
GR gracilis muscle, RF rectus femoris muscle, SA sarto-
rius muscle, SM semimembranosus muscle, ST semitendi-

Fig. 10.29 Muscles of the calf. EDL extensor digitorum
longus, FDL flexor digitorum longus muscle, FHL flexor
hallucis longus muscle, GM medial gastrocnemius mus-
nosus muscle, VI vastus intermedius muscle, VL vastus  cle. GL lateral gastrocnemius muscle, PB peroneus brevis
lateralis muscle, VM vastus medialis muscle. Quadriceps
muscle in shades of red, hamstrings in blue, adductors in
yellow

muscle, PL peroneus longus muscle, TA tibialis anterior
muscle, TP tibialis posterior muscle. Triceps surae in
shades of blue

Méke P Wattjes
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3. Clinical Applications — WB MRI Bl l::mwebm

- Muscular fatty replacement pattern

- Genetic diagnostic approach

- Muscular edema =2 treatment?

- Helpful in directing the muscle biopsy
- Follow-up

- Brain MRI

: Postsurgical evaluation (scoliosis...)

- Differential diagnosis
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Patterns of WB-MRI muscle involvement in different body regions, according to gene defect.
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A relative degree of severity is given in cach region for cach entity., following the scoring proposed by Mercuri et al. [2]. from 0 (normal) to 4 (severe fibro-
adipose infiltration), To facilitate reading of the table, a grading of colours from white to black. (including different shades of grey) is used in cach body
region. The darker. the more severe involvement of the muscles affected. compared to the other body regions.

AL: adductor longus; Ant: anterior; Arthrogryp: arthrogryposis; BF: biceps femoris; CMD: congenital muscular dystrophy: Digit: digitorum; Ext:
extensor: Fix: flexor: GA: great adductor: Glu M: gluteus maximus: Glu med: glutcus medius: Glu m: glutcus minmmus: IC: intercostal: Lat: lateral; LG:
lateral gastrocnemius; M: muscle: Med: medial: MG: medial gastrocnemius: Perpend: perpendicular: Post: posterior: Pleryg: pterygoid: PV: paravertebral;
RF: rectus femonis: SC: subscapular; SCM: sternoclcidomastoid; SM: semimembranous: SMA: spinal muscular atrophy; SS: supraspinatus; ST: semi-
tendinous; TA: tibialis anterior; TP: tibialis posterior; VI: vastus intermedius; VM: vastus medialis; VL: vastus lateralis,



Table 4.1 Overview of well-established rating scales on MRI concerning the visual rating of dystrophic changes
(fatty degeneration) of striated muscle tissue

Grade

0
1

Mercur et al. 2002

Normal appearance

Mild involvement: Early moth-
eaten appearance with scattered
small areas of increased signal or
with numerous discrete areas of
increased signal with beginning
confluence, comprising < 30 % of
the volume of the individual muscle

Moderate involvement: Late
moth-eaten appearance with
numerous discrete areas of
increased signal with beginning
confluence, comprising 30-60 % of
the volume of the individual muscle
Severe involvement: Washed-out
appearance, fuzzy appearance due
to confluent areas of increased
signal, or an end-stage appearance.
with muscle replaced by increased-
density connective tissue and fat.
and only a rim of fascia and
neurovascular structures
distinguishable

Kornblum et al. 2006
Normal appearance

Discrete moth-eaten appearance

with sporadic T1 hyperintense
areas

{a) Moderate moth-eaten
appearance with numerous
scattered T1 hyperintense
areas

(b) Late moth-eaten appear-
ance with numerous
confluent T'1 hyperintense
areas

Complete fatty degeneration,

replacement of muscle by
connective tissue and fat

Fischer et al. 2008

Normal appearance

Mild: traces of increased
signal intensity on the
T1-weighted MRI sequences
Moderate: increased
T1-weighted signal intensity
with beginning confluence in
< 50 % of the muscle

Severe: increased
T1-weighted signal intensity
with beginning confluence in
= 30 % of the muscle

End-stage appearance. entire
muscle replaced by
increased-density connective
tissue and fat

Reprinted from Wattjes MP, et al. (2010) Neuromuscular imaging in inherited muscle diseases. Eur Radiol 20: 2447-
2460 with permission from Springer



3y-old boy, hypotonia
FH: No consanguinity. Father: transient neonatal hypotonia.

PF: Normal pregnancy, Normal fetal movements.
Breech presentation. Delivery 41wk GA.
At birth: hypotonia, respiratory and swallowing problems.

PhEx: Normal mental status. Ptosis. Microretrognatia.
Facial weakness. High arched palate.

Axial and peripheral hypotonia and weakness.

Distal hyperlaxity. Hyporreflexia.

CK: normal

EMG myogenic pattern
mMRI (11m) ?

MB: Central nuclei and
type | fiber atrophy
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10y girl

Hypotonic newborn with poor suck and swallow and
respiratory insufficiency

FH
Healthy and non consanguineous parents, no NMD family history

PH

- First, normal pregnancy, delivery at 40s

- newborn: hypotonia, high arched palate and swallowing problems.
- Motor developmental delay (independent walk 20m)

Ph Ex

Normal mental status. facial weakness, nasal voice.

Axial hypotonia, distal hyperlaxity, proximal and distal limb weakness, arreflexia
Non-progressive. Respiratory and swallowing improvement.

CK normal

EMG: (2y) myogenic pattern

MmMRI: Loss of volume and fatty substitution predominantly in gluteal, posterior
compartment of thigh and soleus muscles. Upper limb girdle relatively spared.
MB: (LM) Abundant subsarcoplasmic and also sarcolemmal nemaline bodies
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2y-old girl
Hypotonia, weakness and respiratory insufficiency at birth

FH
Consanguineous parents, no NMD history

PH

- First normal pregnancy and delivery
- Respiratory distress at birth. Recurrent respiratory infections. Diaphragm paralysis. Swallowing problems.
- Mild hypotonia and weakness.

Ph Ex
Normal mental status. Mild facial weakness. Hypotonia. No ocular involvement.
Axial weakness, head drop, scoliosis, hyporreflexia.

CK: normal.
mMRI: loss of volume of paraspinal muscles and glutei.

EMG: myogenic pattern

MB: Fiber type disproportion.
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Patient LBM

12 vyo

* Unrelated parents.

» 7y of age: lower limb weakness.

* PhE: proximal lower limb weakness, scapula alata,
*myopathic gait.

« CK 300.

« EMG myogenic pattern

* BM fiber size variation.
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Patient IEC

*9vyo

eConsanguineous parents.

* Phenotype : CMD

* CK (10,000).

* Normal mental status.

* Loss of ambulation 7 years

PhE:

* Horitzontal Ophtalmoplegia

* Facial weakness

* Limb girlde weakness

* Proximal contractures in arms and legs

* Muscle Biopsy: distrophy signs, connective and adipous tissue.
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Patient JHC

FH: Healthy parents and one healthy brother. Non consanguinity
Normal Pregnancy and delivery

Proximal lower limb weakness from 8 years of age, progressive
Distal hyperlaxity, keratosis pilaris

EMG miogenic pattern

CK: 3753 UI/L

PhE: Normal metal status, no ocular involvement
Proximal limb weakness, progressive, Gower sign

Col6??
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MDCI1A, Merosin-Deficient Congenital Muscular Dystrophy Type 1A, LAMA2 DEFICIENCY

* 9m.oldgirl

* Severe
hipotonia

* Face not

involved, alert

* Pointed arch,
weakness

« CK600-1000
ul/L

*  EMG: miogenic

e MRI

* Clinical exome
LAMA2
c.1467+1G>C
c.3038-7G>A

Brain: white matter hyperintensity
WB: Gluteus medius, rectus femoris, adductor magnus, semitendinous,
peroneus and soleus. Muscle edema in deltoides and triceps.



CONGENITAL MYOPATHIES

Predominant Proximal (thigh) Distal (lower leg)

involvement 7 s / RN

Predominant lower
leg involvement?

/| / 1\ \

Posterior ? Anterior? Anterior? Mixed ? Posterior ?

muscle ? Gastrocn. ? Soleus ? Tibialis ant. ?  Tibialis ant. ? Soleus ?
Mutation in? SEPN1 ? RYR1 ? MTM1 ? ACTA1 ? MYH7 ? NEB1 ? TPM2 ? DNM2 ?

[1]
Musle MRI w- - \:’)(—.\
o o[@@ 00 |00

Muscle CT




DYSTROPHINOPATHIES and LGMD

Involvement of thigh muscles: Posterior > anterior compartment

No Yes
Involvement of posterior / \\

lower leg muscles: Soleus and/ or Soleus and medial Diffuse involvement
Gastrocnemius affected? gastrocnemius affected
v J
Clinical findings: + - Calf atrophy ——> Scapula winging? (Calf hypertrophy ?)
- +
v A4 A 4
Mutation in: DYS? SGCA/B/D/G? DYSF? CAPN3? FKRP?

(Duchenne/Becker) (LGMD2C-F) (LGMD2B) (LGMD2A) (LGMD2l)




CONGENITAL MUSCULAR DYSTROPHIES

WITHOUT CNS INVOLVEMENT

NORMAL INTELLIGENCE

NORMAL

BRAIN MRI

Merosin Normal

STRUCTURAL CNS ABNORMALITIES
migration, cobblestone lissencéphaly,
posterior fossa malformation

Dystroglycanopathy (Merosin +/-)

COL6AI A2,
A3 (Ullrich)
UCMD

SEPNI
(Rigid spine)
RSMDI

Fukuyama type
FKTN

LMNA (Dropped head)

L-CMD

TTN (titin)
(719

ITGA9 a9 integrin
ITGA7 a7integrin

MEB
POMGnTI

FKRP,
POMTI,
POMT?2,

B3GALNT?2,

ISPD,
GTDC2,
TMEMS

POMT?2,
FKTN,
FKRP,
LARGE,

POMGNTI,
B3GALNTZ,
ISPD,
GTDC2,
TMEMS5

LARGE
(MDC-ID)

ADG (LGMD ),
DOLK ( cardiac)

DPM2/DPM3

(O & N-Glycosylation)

ASSOCIATED WITH CNS ABNORMALITIES

MENTAL RETARDATION

®
e INTELLIGENT
:WHITE MATTER

CHANGES

Merosin
deficient

MDCIA
LAMA2



CONCLUSIONS

The pattern of muscular involvement identified by WB MRl is a useful
tool guiding the genetic diagnosis of congenital myopathies and
congenital muscular dystrophies and in their follow-up

The more difficult the pathology is, more people involved is needed
(clinicians , neuropathologists , neurophysiologists , neuroradiologists,
surgeons, basic researchers, bioinformaticians...)
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