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INTRODUCTION

Musculoskeletal complications such as limb contractures, 
hip dislocation or subluxation, and scoliosis are common in 
neuromuscular disease (NMD) (Table). They contribute to 
increased disability due to decreased motor performance, mobility 
limitations, reduced functional range of motion (ROM), loss of 
function for activities of daily living, decreased quality of life, and 
increased pain. The severity often can be reduced or delayed by 
early detection and intervention. The rate of NMD progression is 
also related to the frequency and severity of scoliosis, hip pathology, 
and limb contractures with more rapidly progressive conditions 
resulting in earlier and more severe musculoskeletal complications.6
The individual’s current function and prognosis also heavily 
impact decisionmaking and treatment options. Bracing, stretching 
programs, and surgery have all been utilized in the prophylaxis and 
treatment of musculoskeletal complications of NMD; however, no 
interventions can be initiated without detection.

SPINAL DEFORMITY

Severe spinal deformity in progressive NMD leads to multiple 

seating and positioning, as well as pain, and it can completely 
preclude upright sitting in a wheelchair.3 Screening for spinal 
deformities is important since it has several clinical implications. 
Unfortunately, spinal deformity is neither preventable nor 
responsive to nonsurgical modalities such as bracing. Unlike 
idiopathic scoliosis, neuromuscular scoliosis almost always 
progresses. Early detection and screening are crucial for proper 
and ideal management of scoliosis.

The Adams forward bend test is the primary screening test for 
neuromuscular scoliosis. The test can be easily performed in the 
clinic and should be performed on all pediatric patients with 
NMD since they are at high risk. The test is often performed 
in the seated position since many NMD patients are unable to 

stand but it can be performed either standing 
or sitting. The screening examination is 
performed by having the patient bend forward 

and thoracolumbar spine. Some patients will 
require postural support if they are unable to 
sit independently. The patient is viewed from 
behind focusing on the rib cage. The examiner 
is looking for one side of the rib cage to be 

higher than the other next to the vertebral column. The convex 
side of the scoliosis is the side with the rib hump (Fig. 1). In 
obese patients, smaller curves can be missed, especially in the 
lower lumbosacral spine.

Table.

Cerebral 
palsy

Myelomening
ocele

Duchenne
muscular 
dystrophy

Spinal
cord
injury

Charcot–
Marie–
Tooth 
disease

Spinal
muscular 
atrophy

Scoliosis 38-64% 20-94% 63-90% *100% 10% 70-100%
Hip dysplasia 2-60% 1-28% 35% 29-82% 6-8% 11-38%

*if injured before adolescent growth spurt

neuromuscular disease in children. Review. Phys Med Rehabil Clin N Am 



Figure 1. The Adams forward bend test.

If a spine curve is detected or the patient’s body habitus precludes 
the test’s sensitivity, spinal radiographs should be performed. 
Anteroposterior (AP) and lateral spinal radiographs with the 
patient either sitting or standing, based on the individual’s 

angle is measured. The Cobb angle, named after the American 
orthopedic surgeon John Robert Cobb, originally was used to 
measure coronal plane deformity on AP plane radiographs in 

1

angle formed between a line drawn parallel to the end plate of 
the superior vertebra and a line drawn parallel to the end plate 
of the inferior vertebra which results in the greatest angle. Serial 
measurements should be performed using the same anatomic 
landmarks to ensure commensurable measurements (Fig. 2).

Figure 2

The predicted severity of a spinal deformity is highly dependent 
on the remaining growth of the spine. Joseph C. Risser developed 
a method for measuring the iliac apophysis which became known 
as the Risser sign (Fig. 3). Using a score of 1-5, it gives a measure 

of skeletal maturity. Grade 1 is given when the iliac apophysis 

to the stage before or during the adolescent growth spurt. 
Grade 3 is up to 75% and corresponds to the slowing of growth. 
Grade 4 is 75-100% and corresponds to an almost cessation of 
growth. Grade 5 is when the iliac apophysis is fused to the iliac 
crest and corresponds to the end of growth.

Previous guidelines in neuromuscular patients especially those 
with Duchenne muscular dystrophy (DMD) recommended 
surgical treatment for scoliosis once angular deformity exceeded 
25 degrees with a Risser Grade 3 or less, citing an optimal match 
between the Cobb angle as predictive of relentless progression 

Figure 3.
radiograph of the pelvis.

with favorable pulmonary volumes. Because of recent advances in 
pediatric critical care management and postoperative respiratory 
therapy support, surgical treatment of spine deformity in DMD 
can be deferred until Cobb angle measurements approach 45-50 
degrees and may be safely tolerated in patients with forced vital 
capacity measurements even below 30-40% predicted.9

HIP DYSPLASIA, SUBLUXATION, AND 
DISLOCATION
Hip dysplasia, subluxation, and dislocation are orthopedic 
abnormalities encountered in children who have NMD. Hip 
dysplasia refers to a condition of the hip that may be present at 
or shortly after birth with inadequate acetabular formation. Hip 
dysplasia is most commonly seen in NMD with congenital paresis 
such as congenital myopathies, congenital muscular dystrophies, 
and spinal muscular atrophy type 1. Hip subluxation and/or 
dislocation are almost always associated with a degree of hip 
dysplasia. The primary physical examination maneuver screening 
for hip dislocation or subluxation is the Galeazzi (or Allis) sign. 

the hips and knees, and examining the knee heights. A positive test 
is when the knees are not at the same level (Fig. 4). The pathologic 
side is the one with the lower knee height and subluxation is often 
associated with decreased hip abduction ROM. In the setting of 
complete dislocation, hip abduction can be reduced, normal, or 
excessive.

Figure 4.

If the Galeazzi sign is positive, an AP radiograph of the pelvis 
should be obtained. Hip subluxation and hip dislocation typically 

an AP radiograph. This measures the femoral head’s containment 
within the acetabulum with respect to Perkin’s line. Perkin’s line 
is drawn vertically though the lateral most aspect of the acetabular 
roof (Fig. 5). Shenton’s line, which is formed by the medial aspect 
of the obturator foramen and the medial aspect of the femoral 
neck, forms an unbroken arc in the normal hip. However, in a 
dislocated hip, this arc will be discontinuous (Fig. 5). Hip 
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Figure 5. Anteroposterior pelvis radiograph with a normal right hip and 

drawn.

subluxation usually is diagnosed with a hip migration percentage 
of greater than 33%, although others may classify subluxation as 
mild when it exceeds 20%. Hip dislocation is diagnosed when the 
migration percentage is greater than 100% or the femoral head is 
completely uncovered.4

Many ambulatory patients with NMD utilize hyperlordosis to 
stabilize the pelvis during ambulation. Hyperlordosis functionally 

users who spend most of the time in the seated position can 

or necessary for the mechanical advantages added over traditional 
gait patterns. A physical examination maneuver is often needed 

biomechanically advantageous or obligatory contracture. The 
Thomas test, a physical examination test named after the British 
orthopedic surgeon Dr. Hugh Owen Thomas, is used to rule out hip 

extended. The test is positive if the patient’s opposite/contralateral 

hip abducts during the test (suggests tight tensor fascia latae); or 
knee extension occurs (implies tight rectus femoris). Of note, a hip 

absent in this period, it may indicate developmental dysplasia of 

thigh just touches the abdomen to obliterate the lumbar lordosis. 
The angle between the affected thigh and the examination table 

Figure 6. 

ANKLES

Weakness and inability to achieve active joint mobilization 
throughout the full normal ROM is the single most frequent factor 

antigravity knee extension strength places an individual at risk for 

given muscle. A shortened muscle length may result in up to a 
40% loss of sarcomeres.8 A statically positioned limb developing 

formation in the position of immobilization. Contractures rapidly 
develop in many NMDs after transitioning to a wheelchair.

Assessing muscle weakness and muscle imbalance can help 
predict which joints are at greater risk of developing contractures. 

has not been shown to be a major factor leading to contracture 
formation, contractures are frequently observed when major 
muscle imbalance is present. This is due to reduced ROM since 
the range is dominated by the stronger muscle group. In several 

observed equinus foot deformities.8

Treatment of foot deformities depends on the patient’s age, 

nighttime or fulltime ankle–foot orthosis (AFO) in a neutral ankle 
position custom molded to the foot deformity may decrease the 
tendency toward further development of the deformity. A supple 
foot can be managed nonoperatively by a solid ankle AFO in the 
neutral position.

Distal lower limb surgical interventions in ambulatory patients 

deformity is present, surgical intervention may be required to 
obtain a plantigrade foot. The Coleman block test is commonly 
used in cavovarus feet to determine whether the contracture 
involves the forefoot, hindfoot, or both (Fig. 7).5,7,10 The patient 
stands on a wood block 2.5 cm thick with the heel and lateral 

freely over the block. This negates the effect the forefoot may 
have on the hindfoot stance. The hindfoot should be bearing the 
patient’s full weight. The correction of hindfoot varus with the 

interventions should be directed to correct the forefoot position. If 
the hindfoot varus does not correct while standing on the block, 
surgical correction of both the forefoot and hindfoot are likely 
needed to obtain a more plantigrade foot. Rarely is tendon achilles 
lengthening (TAL) needed to correct a cavovarus foot because the 

5,7,10 TAL 
may worsen the cavus deformity by tilting the hindfoot into more 
calcaneus and the forefoot into more equinus to maintain ground 
contact. A dorsal closing wedge osteotomy of the midfoot at the 
apex of the cavus foot deformity is often performed in Charcot–
Marie–Tooth disease patients (Fig. 9). The osteotomy improves 
the forefoot position in relation to the hindfoot. This improves 
weight bearing biomechanics and can reduce pain.5,10
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Figure 7.

rigid deformity.

Figure 8. 

Normal calcaneal inclination angle.

Figure 9.
without worsening the hindfoot calcaneus.

SUMMARY

NMDs are associated with a number of orthopedic complications. 
Careful screening with simple physical examination maneuvers 
can lead to earlier detection. Earlier detection often results in 
proactive parent response which may limit the progression of 
the complications. The Adams forward bend test is the primary 
physical examination screening for scoliosis. The examination 

is used to track the severity and progression while the Risser 
score is used to estimate remaining spinal growth. The Galeazzi 
and Thomas tests are useful for screening for the presence 
of hip pathology. The Coleman block test can be helpful for 
distinguishing between a rigid versus supple deformity.
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INTRODUCTION

While there are no curative therapies currently available for 
most neuromuscular disorders (NMDs), there are a number of 
treatments strategies that may maximize function and improve 
quality of life. The proper assistive device should be goal and 
function oriented. Comfort, cosmesis, and self image need to be 
strongly considered to maximize compliance.4

ORTHOSES

Many individuals with an NMD will require some form of bracing 
or orthotics for their lower extremities.6,7 A variety of materials 
are available, and selection is important for a successful outcome. 
It has been demonstrated that there is poor compliance, as low as 
20%, with orthoses use among individuals with NMDs. Potential 
contributors to poor compliance may include that the orthoses 
highlight the disability, are not essential for limited daily walking, 
are uncomfortable, and are cosmetically unacceptable.7

During the early stages of an NMD, the primary goal of orthotic 
management should be on trying to prevent contracture or 
deformity and minimizing discomfort. As weakness emerges, 
orthoses can help compensate for the weakness. During the later 
stages when the weakness is marked, more substantial orthoses 
may be needed to maintain effective ambulation. However, 
to maximize compliance, the orthoses need to be minimally 
intrusive, comfortable, and cosmetically acceptable.

NMDs with distal involvement can result in weakness of the 
primary ankle invertors (i.e., tibialis anterior and posterior 

muscles) and evertors (i.e., peroneus longus and brevis muscles). 
Instability of ankle inversion and eversion may occur before 

In this situation, there is obvious ankle weakness, and gait 

these cases focuses on using the least restrictive orthoses while 
providing support for the subtalar joint. A full thermoplastic 
or metal double-upright ankle–foot orthosis (AFO) provides 
maximal mediolateral support for the ankle. In addition to 

weakness that should normalize heel rise and improve velocity 
and step length. A stiff, nonarticulated plastic AFO accomplishes 
these goals. Anterior trim lines, thicker gauge plastic, or carbon 

3

Despite the frequent use of orthoses in NMDs, there remains little 
to no evidence in the literature to support their use. No randomized 
control trial (RCT) has ever shown orthoses to be effective 

quality of life, general health, vitality, or social functioning when 
participants were randomized to receive a foot orthosis versus a 
sham insole.2 One RCT evaluated the utility of nighttime splinting 
using a preformed splint. The 6-week intervention did not have 

motion or on muscle strength around the ankle in individuals with 
Charcot–Marie–Tooth disease type 1A (CMT1A). The authors 
concluded that wearing night splints does not increase ankle range 
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of movement or strength in people with CMT1A.5 A single subject 
experimental design did demonstrate that optimized orthoses can 

exertion.1

CANES

Canes can be a valuable gait aid to prevent fall and injury. The 
single point cane is the most common cane used today. It is 
primarily a balance aid and does very little to compensate for 
weakness. Forearm crutches (also known as Canadian crutches 
or loftstrand crutches) can help compensate for lower limb 
weakness by transferring some of the lower limb weightbearing 
to the upper limbs. This improves gait stability and endurance. 

weightbearing through the elbow and shoulder which is especially 

crutches or standard crutches are rarely used in NMDs since they 
are predominantly helpful for unilateral weakness or non-weight 
bearing as in the case of a fracture.

Figure 1. 

elbow in comparison to standard forearm crutches. 

WALKERS

Several different types of walkers are available to assist individuals 
with NMDs. The most stable and supportive walker is the four-
point or four-prong walker. It is also known as a pick-up walker; 
however, this type of walker is rarely used since it requires the 
user to lift and advance the walker. Most individuals requiring 
this much support do not have adequate strength to advance the 

walker. The one exception is for patient’s with ataxic conditions 
like Friedreich’s ataxia when the ataxia is more disabling than 

aid in balance.

The much more commonly used front wheeled walker (FWW) is 
slightly less stable than a pick-up walker, but it can be slid on the 

versus a pick-up walker. A platform trough can be added to allow 
the user to weightbear through the elbow and shoulder. This is 
especially helpful if the user has distal upper limb weakness.

A four-wheeled walker is much less stable than a FWW but also 
requires less strength to advance; however, a four-wheeled walker 
can slip out on the user very quickly. For this reason, most four-
wheeled walkers are equipped with hand brakes to reduce this 
risk. Many four-wheeled walkers also come with a fold down 
seat to allow the user to rest. Four-wheeled walkers are primarily 
for improved balance and endurance. The use of a four-wheeled 
walker should be limited to patients with only mild weakness due 
to the inherent instability of the walker.

BATHING EQUIPMENT

Bathrooms are the most accident prone location within the home. 
Many individuals with weakness due to a NMD are safer sitting 
to bath or shower. If the patient possesses adequate strength to 
do a stand pivot transfer or short distance ambulation, a shower 

to transfer independently, a roll in shower chair or tub transfer 
system is needed, depending on the layout of the user’s bathroom. 
If a roll in shower with no entry lip is available, there are a number 

a short time, a tilt-in-space or reclining shower chair may be 
needed. For the more traditional tub/shower combination, a tub 
transfer system is needed (Fig. 3). Some systems also support the 
lower limbs and some are able to tilt in space, which is especially 
helpful if the user has poor trunk control and strength.

Figure 2. Padded Tub transfer bench
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Figure 3. 

to allow the user to slide over the tub for a shower or hand bath.

BED EQUIPMENT

Muscle weakness can greatly impact sleep quality. The average 
sleeper subtly repositions two to four times per hour during the 
deeper stages of sleep. If an individual is too weak to reposition 
independently, several nocturnal awakenings can occur resulting 
in poor sleep quality. A bed with rails may be all that is needed 
for a patient to regain the ability to reposition independently. 

the ability to raise and lower the head and foot of the bed. Low 
pressure or alternating pressure mattresses or mattress overlays 
can reduce nocturnal awakening by changing the pressure point 
distribution (Fig. 4). Improved sleep for the patient can also mean 
improved sleep for the patient’s caregiver.

Figure 4. An alternating pressure mattress overlay pad and pump can 

In addition to the useful equipment aids discussed above, there 
are a number of additional items that can substantially improve a 
patient’s quality of life, including hand-held showers, grab bars, 
raised toilet seats, commode chairs, and activities of daily living 
aids (e.g., sock aid, grabbers, etc.).
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CASE PRESENTATION

History

A 28-year-old male presented with a history of slowly progressive 
muscle weakness since he was a teenager, affecting the legs more 

has numbness, tingling, and decreased sensation in the feet and 

He denies recurrent attacks of focal weakness or palsy, muscle 
stiffness, and twitches, or spasms, except for infrequent legs 
cramps. He had normal motor and developmental milestones; 
however, he has not been involved in any competitive athletic 
activities, and he has a history of frequent tripping and ankle 
sprains since he was 9 years old. 

The patient’s past medical history is unremarkable. He does not 
smoke tobacco, drinks two to three beers on the weekends, and 
has no history of elicit drug use. The patient’s father is diabetic 
and has a long standing history of leg weakness and sensory 
disturbances. The patient has a healthy 25-year-old brother and 
23-year-old sister.

Examination

The general physical examination was notable for mild trophic skin 
changes of the feet and distal legs and high arch feet with normal 

neurological examination revealed normal cognitive function and 
cranial nerves. Motor examination showed symmetric atrophy of 
anterior leg muscles and subtle atrophy of intrinsic hand muscles 

bilaterally. Muscle strength examination showed mild 4+/5 hand 
grip and interossei muscle weakness on the Medical Research 

and other upper and lower limb muscle groups. There were no 
muscle twitches, fasciculations or myotonia observed. Tendon 

sensation was absent at the toes and decreased at the ankles. 
Pinprick and touch sensation were diminished distally in all limbs 
symmetrically, with a stocking-glove distribution. Joint position 
sense was decreased in the toes. Coordination and cerebellar 

was unable to walk on the heels. Romberg sign was negative.

Initial Differential Diagnosis

The patient presented with chronic, slowly progressive distal 
weakness and sensory loss. The neurological examination 

no symptoms or signs of upper motor neuron or central nervous 
system (CNS) involvement. Thus chronic motor and sensory 
peripheral polyneuropathy was the initial clinical diagnosis. 
Distal spinal muscular atrophy or distal muscular dystrophy is 

inherited causes of peripheral polyneuropathy are considered. 

polyradiculoneuropathy (CIDP) is a possibility. Metabolic or toxic 
causes of peripheral polyneuropathy are not highly suspected since 
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the patient has no history of diabetes mellitus, other metabolic 
diseases, or exposure to medications or toxins. A hereditary 
neuropathy, such as Charcot–Marie–Tooth (CMT) disease, was 
suspected in view of a childhood onset and a suspicious family 
history. The history of neuropathy in the father suggests an 
autosomal dominant disease, although diabetic neuropathy is 
also a consideration. An axonal or a demyelinating hereditary 
neuropathy can only be differentiated reliably by electrodiagnostic 
(EDX) studies or nerve biopsy. Other inherited neuropathies such 
as familial amyloidosis, juvenile- or adult-onset metachromatic 
leukodystrophy, Krabbe disease, or adrenomyeloneuropathy are 
not likely in this case scenario. Familial amyloidosis neuropathy 

leukodystrophy, Krabbe disease, and adrenomyeloneuropathy 
affect both the CNS and peripheral nervous system (PNS) and 
usually are associated with progressive CNS manifestations and 

Laboratory Tests and Electrodiagnostic 
Studies

Laboratory studies including blood count, serum chemistry, 
creatine kinase, glucose tolerance test, serum B12 and folate, 
thyroid studies, sedimentation rate, anti-nuclear antibodies, 
rheumatoid factor, serum protein and immnunoelectrophoresis, 
and Sjögren antibodies were all normal.

Nerve conduction studies (NCSs) showed increased distal motor 
latencies, prolonged F-wave latencies, uniformly reduced motor 
conduction velocity to less than 60% of normal with no conduction 

sensory nerve action potentials (SNAPs) in the lower extremities 
and ulnar nerve bilaterally, and reduced SNAPs amplitude of the 

(EMG) examination revealed distal chronic neurogenic changes 
including reduced recruitment and large motor unit action 
potentials in the feet, anterior leg, and intrinsic hand muscles 
bilaterally.

a demyelinating motor and sensory peripheral polyneuropathy, 
most likely an inherited rather than an acquired neuropathy in 
view of the early age of symptoms onset and the uniform and 
symmetrically slowed conduction velocity without conduction 
block or dispersion. Therefore, DNA diagnostic testing for 
demyelinating hereditary motor sensory polyneuropathy was 
requested, and it revealed peripheral myelin protein-22 (PMP22) 
gene duplication, chromosome 17p11.2, diagnostic of CMT type 
1A (CMT1A).

DISCUSSION

Inherited Peripheral Neuropathies

The inherited peripheral neuropathies (IPNs) are a heterogeneous 
group of genetic peripheral nerve disorders. They are among the 
most common inherited neurologic disorders, accounting for 
nearly 40% of chronic neuropathies, and may account for as many 

CMT disease is the most common type of IPN, affecting over 2.5 
million people worldwide of all races and ethnicities, having an 
estimated prevalence of 1 in 2,500 persons with over 125,000 
people in the United States affected.1-3 Those affected often show 
similar clinical manifestations despite having several genetically-
distinct disorders. The clinical features usually present in 
childhood or early adulthood with distal, symmetrical weakness 

of variable severity, and most patients are not severely disabled 
and remain ambulatory throughout life. Occasionally, they are 
associated with other characteristic features, such as hearing loss, 
phrenic nerve involvement, or scoliosis.4

Historically, for nearly 100 years,e IPNs were described as a 
single disease entity, collectively called CMT, and named after 
the three neurologists who separately described the disease in 
the late 1880s. Gilliatt and Thomas, in 1957, showed markedly 
slowed nerve conduction velocities (NCVs) in one form of CMT.5

into hereditary motor and sensory neuropathy (HMSN) and 
hereditary sensory and autonomic neuropathy (HSAN) based on 
electrophysiological features, mode of inheritance (i.e., autosomal 
dominant, autosomal recessive, or X-linked), pathology (i.e., 
demyelinating or axonal), and the age of onset (i.e., childhood/
adulthood or infancy).6 Among those, the majority of patients 
have autosomal dominant demyelinating neuropathy (CMT1) 
with upper limb NCVs less than 38 m/s and the autosomal 
dominant axonal neuropathy (CMT2), with the X-linked CMT 
the next most common, affecting 10-15% of all CMT patients.7

The rapid unprecedented advances in molecular genetics, cell 
biology, and diagnostic testing over the last 25 years have enabled 
identifying a growing number of chromosomal locations and 
genetic mutations involving Schwann cell structural proteins, 
transcription factors, axonal transport, mitochondrial function, 
protein translation, and others. Diverse pathogenetic mechanisms 

same gene, duplication, deletion, point mutations, and allelic 
heterogeneity, leading to further dividing each type into several 
subtypes. It has been a challenge for physicians to keep pace 
with these new discoveries. This review provides an overview of 

as well as a logistic approach for genetic testing of various 
subtypes (Table 1). Additional useful and relevant information 
and recent CMT mutations database can be found on the website 
http://www.molgen.ua.ac.be/CMTMutations/.

Autosomal Dominant Demyelinating Charcot–Marie–
Tooth Disease
HMSN type 1, or CMT1, is the most common form of CMT and 
accounts for about 50-60% of all cases, with disease onset before 
the second decade of life in most cases. The clinical features 
follow a chronic, slowly progressive classical prototypic course 
including clumsy or slow running in childhood; distal weakness 
and muscle atrophy which starts in the feet and anterior legs, and 
later affects the hands; distal sensory loss of all sensory modalities 
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Table 1.

CMT form Inheritance Locus Gene

CMT1A AD 17p11.2-12 PMP22 duplication
CMT1B AD 1q22-23 MPZ (P0)
CMT1C AD 16p12-13 LITAF/SIMPLE
CMT1D AD 10q21-22 EGR2
CMT1E AD 17p11.2-12 PMP22 mutation
CMT1F AD 8p21 NEFL
CMT2A AD 1p36/ MFN2/KIF1B
CMT2B AD 3q21 RAB7
CMT2C AD 12q23-24 Unknown
CMT2D AD 7p14 GARS
CMT2E AD 8p21 NEFL
CMT2F AD 7q11-21 HSPB1 (HSP27)
CMT2G AD 7q11-21 Unknown
CMT2H AD 1q22-23 MPZ
CMT2L AD 12q24 HSP27
CMT1X XR/XD Xq13.1 GJB1 (Cx32)
CMT2X or XR Xq24-26 Unknown
CMT3 (DSS) AD 1q22-23 MPZ
CMT3 (DSS) AD 17p11 PMP22 mutations
CMT3 & CHN AD/AR 10q21-22 EGR2
CMT4A AR 8q13 GDAP1
CMT4B AR 11q23/ 11p15 MTMR2/MTMR13
CMT4C AR 5q32 SH3TC2
CMT4D AR 8q24 NDRG1
DI-CMTA AD 10q24-25 Unknown
DI-CMTB AD 19p12-13 DNM2
DI-CMTC AD 1p34-p35 YARS
DI-CMTD AD 1q22-q23 MPZ
HNPP AD 17p11.2 PMP22 deletion
HNA AD 17q25 SEPT9

hypomyelinating neuropathy, CMT=Charcot–Marie–Tooth disease, 
Cx32=Connexin 32, DI=dominant intermediate, DNM2=dynamin 
2, DSS=Dejerine–Sottas syndrome, EGR2=early growth response 

high-arched feet or hammer toes in 50-70% of cases.8 NCVs 
are uniformly slow (i.e., median nerve less than 38 m/s) without 
conduction block or prominent dispersion. Nerve biopsy shows 
demyelination, onion bulb formation, and variable axonal loss. 

Among patients with CMT1 the following subtypes have been 

CMT1A is the most common CMT subtype, accounting for 70-
80% of CMT1 and over 50% of all CMT cases, and in 1989 became 

9 The disease 
presents in early childhood with classic feet deformity, distal 

uniform slowing NCVs. Nerve biopsy shows demyelination with 
typical onion bulbs. The disease is caused by duplication of a 1.5 
megabases fragment in the short arm of chromosome 17p11.2-12

harboring PMP22 in 75-80% of CMT1A cases.10 The duplication 
may arise as a de novo event, and it accounts for sporadic cases 
of CMT1A. PMP22 protein is expressed in the compact zone of 
the myelin sheath, maintaining structural integrity of myelin and 
accounts for about 5% of myelin sheath protein. A small number of 
CMT1A cases have PMP22 point mutations, and are usually more 
severely affected, whereas PMP22 deletion is associated with 
hereditary neuropathy with liability to pressure palsy (HNPP).11

CMT1B accounts for about 10-20% of CMT1 cases, with clinical 
presentation either as an early-onset severe motor and sensory 
neuropathy or late-onset presentation similar to CMT1A. It is 
caused by mutations in the myelin protein zero (MPZ) gene, 
mapped to chromosome 1q22-23.12 MPZ is a member of the 
immunoglobulin family and represents approximately 50% 
of PNS myelin. It localizes to the compact zone of peripheral 
nerve myelin and maintain tight links between adjacent myelin 
layers. Adie’s pupil and postural tremor is common in patients 
with CMT1B, and it was previously described as Roussy–Levy 
syndrome.13

The remaining CMT1 subtypes are rare. CMT1C is due to a 

(LITAF) mapped to chromosome 16p13-12 expressed on Schwann 
cells. CMT1D is mapped to chromosome 10q21-22 due to a 
mutation in early growth response 2 (EGR2) gene, a transcription 
factor involved in Schwann cell differentiation, which also causes 
Dejerine–Sottas syndrome (DSS). CMT1E is associated with 
deafness and is due to point mutations in the PMP22 gene, allelic 

gene mutations, chromosome 8p21, and presents in infancy or 
early childhood with a clinically heterogeneous demyelinating or 
axonal CMT phenotype (CMT2E)14,15 (Table 1).

Autosomal Dominant Axonal Charcot–Marie–Tooth 
Disease
CMT2, also referred to as the “axonal CMT,” is less common than 
the CMT1 forms, estimated to be about 25% of the dominantly-
inherited CMT cases. The clinical features are similar to CMT1, 

utilizing EDX studies and nerve biopsy. However, generally, 
CMT2 has a later age of onset, there is less involvement of the 

ankles, and peripheral nerves are not enlarged. A few CMT2 
subtypes may have additional clinical features, including optic 

neurological examination and EDX studies are prominent despite 



NCSs demonstrate normal or mildly slow NCVs, reduced CMAPs, 
and reduced or absent SNAPs, and nerve biopsy is consistent with 

an increasing number of CMT2 subtypes.16

CMT2A is the most common subtype and accounts for 30% 
of CMT2 cases. An early and a late onset have been reported, 
and some cases are associated with optic atrophy or hearing 
loss. The disease is due to mitofusin 2 (MFN2) gene mutations, 
chromosome 1p36, expressed in and related to mitochondrial 
function.17 Approximately 20% of MFN2 mutations are de novo, 
accounting for sporadic cases. CMT2B patients have primarily 
sensory rather than motor symptoms, including sensory loss and 
foot ulcerations, similar to hereditary sensory neuropathy type 1. 
It is caused by Ras-related protein Rab-7 (RAB7) gene mutations, 
chromosome 3q21. A second CMT2B1 phenotype, mostly 
reported in North Africa, is mapped to chromosome 1q21 due 
to Lamin A/C (LMNA) mutations, involved in nuclear envelope 
function and allelic to limb-girdle muscular dystrophy.18

CMT2C is rare, with an early age of onset of CMT2 clinical 
features, associated with skeletal deformities, voice hoarseness, 

paresis. The genetic defect involves as of yet unknown gene 
mutation of chromosome 12q23-24.19 CMT2D typically has 
prominent hand muscle weakness and atrophy, variable sensory 
loss, and age of onset in the second or third decade. The disease 
is mapped to chromosome 7p14 due to Glycyl-tRNA synthetase 
(GARS) gene mutations which are involved in protein translation. 
CMT2E is a rare subtype which presents in the second or third 
decade with distal lower-limb weakness and muscle atrophy, feet 
deformities, and can be associated with deafness. It is mapped 

mutations, a protein of axonal transport.20

The remaining CMT2 subtypes are very rare and reported in 
few families. CMT2F is due to heat-shock protein B1 (HSP27) 
gene mutation, chromosome 7q11-21, having an adult onset with 
distal weakness and atrophy of feet and hands. CMT2G maps to 
chromosome 12q12-13 of unknown gene mutation and has mild 
severity. CMT2H maps to chromosome 8q21 of unknown gene 
mutation, CMTI is due to MPZ gene mutation, chromosome 
1q22, with late age presentation. CMT2J maps to chromosome 
1q22-23 due to another MPZ gene mutation with prominent 
sensory symptoms, hearing loss, and tonic pupils. CMT2K maps 
to chromosome 8q13 with ganglioside-induced differentiation 
protein 1 (GDAP1) gene mutations. CMT2L maps to chromosome 
12q24 due to HSP8 gene mutations.21,22

Dominant Intermediate Charcot–Marie–Tooth Disease
Dominant intermediate CMT (DI-CMT) includes four subtypes 
characterized by clinical features similar to those of CMT1 and 
CMT2. EDX studies show intermediate NCVs (median nerve 
more than 38 m/s) and needle EMG signs of axonal neuropathy. 
Nerve biopsy shows histological evidence of both demyelination 
and axonal features. DI-CMTA maps to chromosome 10q24-25 
due to an unknown gene defect. DI-CMTB maps to chromosome 
19p12-13 due to dynamin 2 (DNM2) gene mutations, a protein 
that plays a key role in receptor–mediate endocytosis, and 
presents with severe distal and proximal weakness leading to 

severe disability. DI-CMTC maps to chromosome 1p34-35 due to 
tyrosyl-tRNA synthetase (YARS) gene mutations, and DI-CMTD 
maps to chromosome 1q22 MPZ gene mutations.23,24

X-Linked Charcot–Marie–Tooth Disease
X-linked CMT (CMTX) is the second most common form and 
accounts for approximately 13% of all CMT cases. Males are 
more severely affected, whereas females may only have a mild 
neuropathy, with no male-to-male inheritance. Clinically it is 
similar to CMT1, except for more severe hand weakness and 
muscle atrophy. Asymptomatic or mild CNS involvement and 
brain magnetic resonance imaging (MRI) white matter changes 
are seen in some cases. CMTX has been mapped to chromosome 

Connexin 32 (Cx32), an important gap junction radial transport 

with an intermediate range of NCVs, and, in contrast to CMT1, 
nonuniform slow NCVs or dispersion can be seen in some 
patients. Most CMTX cases are X-linked dominant (CMT1X), 
which is a mixed demyelinating and axonal neuropathy. The 

clinical features as CMT1 (except with more hand weakness and 
atrophy), and at times associated with CNS transient symptoms, 
or abnormal brainstem auditory evoked responses and brain MRI 
white matter changes.25,26 CMT2X is a rare X-linked recessive 
form, often associated with hearing loss and at times with mental 
retardation.27

Autosomal Recessive Charcot–Marie–Tooth Disease
Autosomal recessive CMT types, also known as CMT4, are less 
common than the autosomal dominant forms, and accounts for 
less than 10% of all CMT cases. They are usually present in higher 
numbers in certain ethnic groups with high rates of consanguinity. 
The disease was initially reported in Tunisian families, and then 
reported in Turkey and elsewhere. Both demyelinating and axonal 
CMT4 forms have been recognized by electrophysiological and 
histological features.28

The demyelinating CMT4 forms include six subtypes, present 
with clinical features similar to CMT1, but usually with an 
earlier age of onset and a more severe progressive course, with 
almost all cases wheelchair dependent by the third decade. NCVs 
are variably slow, CMAPs are reduced, and SNAPs reduced 
or unobtainable. Several causative genes mutations have been 

of all CMT4 cases. The disease has an early onset and a severe 
progressive course leading to severe disability, with prominent 
foot and spine deformities, and can be associated with vocal cord 
and diaphragmatic paralysis. The disease has been mapped to 
chromosome 8q13 due to GDAP1 mutations, expressed on both 
neurons and Schwann cell mitochondria, which may explain the 
described demyelinating or axonal forms.29

CMT4B1 and CMT4B2 present in infancy, often associated with 
cranial nerve involvement and a very severe progressive course. 
Nerve biopsy shows characteristic focally folded myelin. Both 
forms are caused by myotubularin-related protein gene (MTMR) 

CMT4B1 has been mapped to chromosome 11q21 caused by 
MTMR2 mutations, and CMT4B2 to chromosome 11p15 caused 
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with variable severity and progression, common involvement of 
respiratory muscles, and wide range of motor NCV variability 
in the same limb. The disease has been mapped to chromosome 
5q23-33 due to KIAA1985 protein gene mutations.30

city Bulgaria, thus named HMSN-Lom, then in other European 
countries including Spain, Italy, and Slovenia. Clinically, it is 
similar to other CMT4 forms, with deafness and tongue atrophy. 
Motor NCVs are markedly slowed and histological features 
include onion bulbs, axonal loss, and inclusions. The disease has 
been mapped to chromosome 8q24 due to N-myc downstream-
regulated gene 1 (NDRG1) mutation, a Schwann cell signaling 
protein.31 Other forms of demyelinating CMT4 are rare and include 
CMT4E due to early growth response 2 (EGR2) mutations, which 
also cause CMT1D, and CMT4F caused by mutations of the 
periaxin gene (PRX) with extremely slow NCVs.

The axonal CMT4 forms are rare, and only two causative genes 

causes a variety of other inherited neuropathy (CMT2B1) and 
muscular dystrophy (i.e., Emery–Dreifuss and limb-girdle 
muscular dystrophy). The disease presents with severe distal 
weakness and muscle atrophy of lower more than upper limbs 

mutations, which more often causes demyelinating CMT4 
subtypes.32 Giant axonal neuropathy is a recessive disorder of 
the PNS and CNS, caused by mutations in the gigaxonin gene 
(GAN1), chromosome 16q24. The disease presents in infancy with 

nerve biopsy shows characteristic massive axonal enlargement 
33

Dejerine-Sottas Syndrome (HMSN-III or CMT3)
DSS, also known as HMSN-III or CMT3, is a severe hypertrophic 
demyelinating neuropathy with infancy or early childhood onset. 
The disease presents with distal weakness, hypotonia, delayed 

is progressive and extends to the upper limbs and proximal 
muscles which diminishes ambulation ability and most patients 

ataxia, and sensorineural hearing loss is common. Peripheral 
nerves are enlarged, determined by palpation or by imaging of 
the brachial plexus and lumbar spine, and elevated cerebrospinal 

bulb formation, hypomyelination and marked loss of myelinated 

reduced CMAP amplitude and variable degree of denervation. 
Genetic studies showed various point mutations in MPZ, PMP22, 
or EGR2 genes, mapped to chromosomes 1q22-23, 17p11 and 
10q21-22, respectively. Most are heterozygous suggesting 
autosomal dominant inheritance. Many cases are sporadic due to 
de novo spontaneous mutations. Recessive cases of DSS are less 
common and have been linked to PRX, EGR2, and GDAP1.34,35

Congenital hypomyelinating neuropathy (CHN) likely represents 
the most severe DSS spectrum and is mostly linked to MPZ 

mutations. NCVs are markedly slowed due to primary myelin 

minimal myelin, and lack of onion bulb formation.

Hereditary Neuropathy with Liability to Pressure Palsy
HNPP is an autosomal dominant hereditary neuropathy and 
usually presents in the second or third decade. It may have 
variable neuropathic manifestations; however, the typical 
presentation is recurrent painless focal neuropathies at the usual 
entrapment sites, usually after minor compression or trauma, or 

neuropathies such as in the facial nerve, or recurrent painless 
brachial plexopathy are described. Some patients have mild 
sensorimotor polyneuropathy, feet deformities and absent ankle 

Usually the recurrent mononeuropathies recover in weeks; 
however, repeated episodes may leave persistent neurologic 

latencies, and conduction block across compression sites. The 
hallmark of the nerve biopsy is focal sausage-like thickening of 
the myelin sheath (named tomacula) and variably reduced large 

disease has been mapped to chromosome 17p11.2-12 due to 1.5 Mb 
deletion in the PMP22 gene in 85% of cases, causing a loss of 
function of the PMP22, an inverse to PMP22 gene duplication seen 
in CMT1A with a toxic gain of function. Sporadic HNPP cases 
are due to spontaneous de novo deletion resulting from paternal 
origin unequal crossing during meiosis.36-38 Rare pedigrees with 
HNPP did not map to chromosome.17

Hereditary Neuralgic Amyotrophy
Hereditary neuralgic amyotrophy (HNA) is a rare autosomal 
dominant inherited recurrent brachial plexopathy which often 
starts in childhood. It presents with recurrent episodes of pain 

limb, resembling sporadic neuralgic amyotrophy. Most patients 
recover over weeks to few months; however, attacks often leave 

dysmorphic features. The EDX examination shows mostly axonal 
features, but demyelinating features have been described as 
well. The disease has been mapped to chromosome 17q25 due 
to mutations in Septin 9 gene (SEPT9), which is involved in 
formation of neuronal cytoskeleton and cell division.39

Rational Approach for Diagnosis and 
Genetic Testing

The evaluation of patients with suspected hereditary neuropathy 
includes a detailed neurological history, followed by an informed 
EDX study, and then a rationally selected genetic testing. Known 
causes of acquired peripheral neuropathy should be excluded as 
indicated. Obtaining a careful clinical and family history, going 
back at least three generations when possible is critical, not only 
to support diagnosis of inherited neuropathy, but also to determine 
who is at risk for developing neuropathy. A strongly positive 
family history including both genders supports dominantly 
inherited neuropathy, and male-to-male transmission excludes 
X-linked inheritance; however, family history is often negative 
in autosomal recessive disorders. Likewise, while a positive 
family history is invaluable, caution must be taken in a negative 
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family history since sporadic de novo mutations can start in any 
particular patient. NCSs are indispensable tool in characterizing 
and differentiating demyelinating from axonal neuropathy, with 

motor and sensory potential amplitudes and normal or subnormal 
NCVs. Additionally, most patients with inherited demyelinating 
neuropathy have diffuse, uniform, and symmetrical slowed 
NCVs, without block or temporal dispersion, and HNPP has 
a unique pattern of NCS abnormalities. In contrast, acquired 
demyelinating neuropathies such as CIDP show asymmetric 
slowing of NCVs, conduction block, and temporal dispersion. 
However, NCVs in DI-CMT forms are in the intermediate 

nonuniform slowing of NCVs, conduction block, and dispersion 
can be seen in some patients with dominant CMTX cases and a 
few with MPZ and EGR2 mutations, causing confusion with the 
acquired demyelinating neuropathies.40

Genetic testing, despite its complexity, has become an 
indispensable tool in the diagnosis of hereditary neuropathy. 

end to the patient and their families’ quest and permits genetic 
counseling and an informed discussion of the prognosis, potential 
complications, and management even if there is no curative 
treatment, keeping in mind that a negative genetic test does not 
exclude a genetic disease. Genetic tests are quite expensive, and 
they are available commercially as individual tests, with partial 
and complete panels based on EDX features or inheritance mode. 
A rational approach guided by the clinical phenotype, inheritance 
pattern, and EDX features in selecting the appropriate test is 
recommended to reduce the cost and improve the diagnostic yield 
and should focus on the most common abnormalities. Most cases 
of CMT are autosomal dominant, with CMT1 twice as common, 
the majority of which are CMT1A (70%) followed by CMT1B 
(20%). CMT2 is the second most common, of which CMT2A 
phenotype represents 30% of cases. X-linked CMT represents 
13% of CMT cases, and a search for Cx32 (GJB1) mutations is 

are less affected). Several population-based studies have shown 
that PMP22 duplication, PMP22 deletion and Cx32 (GJB1), 
MPZ, and MFN2 mutations account for 65-70% of CMT cases. 
The respective frequencies are PMP22 duplication: 52-78%, 
Cx32: 6-21%, MPZ: 3-11%, PMP point mutations: 2-3%, NEFL: 
1-5%, and MFN2: 33% of CMT2 cases. The rest are much less 
frequent (each <1%).41,42

SUMMARY

IPNs are among the most prevalent inherited neurologic 
disorders, and, with current advances in molecular biology and 
genetic testing, the clinical spectrum of phenotype/genotype has 
been expanding enormously. Genetic testing for several subtypes 
is now commercially available, although the genetic defects of 
many other remain unknown. A stepwise rational approach, 

reduces the cost.

Table 2. Stepwise rational approach for diagnosis of inherited neuropathy

Step 1: Detailed clinical history and possible inheritance mode.

Step 2:
Informed electrodiagnostic examinations, including at-risk 
family members, if warranted.

Step 3:
Select genetic testing strategies (demyelinating, X-linked, 
axonal, autosomal recessive, or intermediate Charcot–
Marie–Tooth disease phenotype panels).
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INTRODUCTION: CASE STUDY

A 43-year-old right-handed woman with a history of cardiac 
arrhythmias gradually developed bilateral foot drop about 2.5 

stairs. She has also noted that her hands are clumsy and has had 

both solids and liquids for a few years. She has not lost any weight 
and reports she has always been very thin. She has not had any 
shortness of breath or dysarthria. There is no neck/back/radicular 
pain, cramps, or muscle stiffness. She has no history of blurred 
vision or cataracts.

Her past medical history is remarkable for a history of cardiac 

required placement of a pacemaker and an automatic implantable 

having symptoms of palpitations and lightheadedness since she 
was a teenager. She had an episode of cardiac arrest, then had 

and was on Coumadin [warfarin] for some time.) There is no other 
family history of cardiopathy or neuromuscular disease of which 
she is aware.

On examination, there was no kyphosis, scoliosis, pes cavus, 
or hammertoes. Cranial nerves II-XII were intact. Motor 
examination revealed normal muscle tone. There was no evidence 
of fasciculations. Muscle atrophy was noted in the hand intrinsics 
bilaterally. There was no scapular winging. There was no action 
or percussion myotonia or paramyotonia. Manual muscle testing 
revealed the following Medical Research Council scores (right/

Light touch, pinprick, and proprioception were intact. There was 
normal vibratory perception in the toes and ankles bilaterally. 

symmetric at the biceps, triceps, brachioradialis, and knees; they 
were absent at the ankles. There was no Hoffman’s sign bilaterally. 

revealed normal coordination. She had a steppage gait. She was 

walking in tandem. She was able to rise from a chair without the 
use of the hands.

Nerve Conduction Studies and Needle 
Electromyography (EMG) Revealed:

Increased insertional and spontaneous activity in the following 
muscles: increased insertional activity, positive sharp waves, 

tibialis anterior, and EDC; increased insertional activity, 

thoracic paraspinals; and increased insertional activity in the 
right vastus medialis.

Genetic Testing for Limb-Girdle and 
Distal Myopathies

Anthony A. Amato, MD

Director, Neuromuscular Division and Clinical Neurophysiology Laboratory

Director, Partners Neuromuscular Medicine Fellowship Program
Boston, MA



Polyphasic motor unit action potentials (MUAPs) of brief 
duration and small amplitude with early recruitment were 
seen in the right FDI and tibialis anterior. MUAPs were of 
normal morphology and recruitment in the other sampled 
muscles.

A muscle biopsy of the EDC that was consistent with a 

(Heterozygous c.1360C>T [p.Arg454Trp], Exon 8, DES). This 

and cardiomyopathy.

As this is an autosomal dominant disorder and can be associated 
with sudden cardiac death from arrhythmia, her children 
underwent genetic testing. Her younger daughter (13 years old) 
was found to have a mutation in the desmin gene. Her EKG and 
echocardiogram were also abnormal. The daughter underwent 
pacemaker and AICD placement.

MUSCULAR DYSTROPHIES: OVERVIEW

The muscular dystrophies are a group of hereditary, progressive 

and replacement by connective and fatty tissue. The different 
forms of muscular dystrophy result from mutations affecting 
proteins localizable to the sarcolemma, nucleus, basement 

the sarcomere, and nonstructural enzymatic proteins. The clinical 
onset of the dystrophy may be evident at birth as in congenital 
muscular dystrophies or not develop until late adulthood. 
Historically, the dystrophies were believed to be different from 
other forms of myopathy (e.g., congenital muscular dystrophies 

hereditary inclusion body myopathies). However, with advances 
in molecular genetics the distinction between what constitutes a 
muscular dystrophy from other hereditary myopathies has become 
blurred.

inheritance, and pattern of weakness (Table). For example, those 
that present at birth are called congenital muscular dystrophies. 
Dystrophies also have been named based on the patterns of muscle 
involvement including limb-girdle muscular dystrophy (LGMD), 
facioscapulohumeral dystrophy, oculopharyngeal muscular 
dystrophy, distal myopathy/dystrophies, and humeroperoneal 
dystrophy. Within the distal muscular dystrophies, 

the Markesbery-Griggs, Udd, and Laing types of distal myopathy 
have preferential involvement of the anterior tibial muscles, 
Miyoshi myopathy the gastrocnemius, and Welander myopathy 
the extensor forearm muscles). Dystrophies associated with 
proximal greater than distal weakness are called LGMDs. The 
LGMDs inherited in an autosomal dominant fashion are termed 
LGMD type 1 (LGMD1), while autosomal recessive dystrophies 

based on genotype differences (e.g., LGMD1A, LGMD1B, etc.).

With so many different types of muscular dystrophies and the 

of dystrophy even within individual families, the evaluation of 
patients presenting with weakness can be quite daunting. However, 
rather than ordering every genetic test possible or performing a 
muscle biopsy initially on every patient, an approach to ordering 
tests based on clinical phenotype, pattern of muscle involvement, 
inheritance pattern, age of onset, and associated manifestions 
(i.e., early contractures, cardiac or respiratory involvement) can 
very useful.

The Guideline committee sponsored by the American Association 
of Neuromuscular & Electrodiagnostic Medicine and American 
Academy of Neurology has been working the past several years in 
putting together a practice parameter, including an algorithm for 
testing for LGMDs. Hopefully, this guideline should be published 
soon, but below is a summary of what the committee will be 
recommending based on their extensive review of the literature.

The most important step in this process is recognizing the 
pattern of muscle involvement: which muscle groups are weak, 
is there atrophy, is there hypertrophy, is there scapular winging? 
It is useful to classify the patterns of weakness into limb-girdle, 
humeroperoneal, oculopharyngeal, and distal. This review does 
not address dystrophies with oculopharyngeal weakness. Next to 
consider is the inheritance pattern: is this an autosomal recessive, 
dominant, or X-linked disorder (remembering that each of these 
can occur in sporadic patients)? Subsequently, which other 
features can help distinguish subtypes: cardiac or respiratory 
involvement, creatine kinase levels, needle EMG abnormalities 
such as myotonic discharges, or muscle biopsy features? With 
this in mind, the following is how patients with these dystrophies 
should be approached.

LIMB-GIRDLE PATTERN OF WEAKNESS

If There Is an Autosomal Dominant Inheritance 
Pattern

(foot drop), cardiomyopathy, respiratory involvement, needle 
EMG with “pseudomyotonic” discharges, or previous muscle 

consider genetic testing for mutations in the genes for myotilin 
(LGMD1A), DNAJB6 (LGMD1D), desmin (LGMD1E), 

In patients manifesting rippling muscles, check for mutations 
in the gene for caveolin-3 (LGMD1C).

In patients with early involvement of humeroperoneal 
muscles, contractures, and cardiomyopathy, check for 
mutations in the gene for lamin A/C (LGMD1B).

In patients with proximal and/or distal weakness, myotonic 
discharges on needle EMG, past medical or family history 
of Paget disease, dementia, or motor neuron disease, check 
for mutations in the gene for valosin containing protein 
(hereditary inclusion body myopathy with Paget’s disease 
and frontotemporal dementia, or hIBMPFD).
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Table.

Disease Inheritance Chromosome Affected Protein
X-linked dystrophies
Duchenne/Becker muscular 
dystrophy

XR Xp21 Dystrophin

EDMDX1 XR Xq28 Emerin
WDMDX2/scapuloperoneal XR Xq27.2 FHL1
Limb-girdle dystrophies (LGMDs)
LGMD1A AD 5q22.3-31.3 Myotilin
LGMD1B AD 1q11-21 Lamin A/C
LGMD1C AD 3p25 Caveolin-3
LGMD1D AD 6q23 DNAJB6
LGMD1E AD 2q35 Desmin
LGMD2A AR 15q15.1-21.1 Calpain 3
LGMD2B AR 2p13 Dysferlin
LGMD2C AR 13q12
LGMD2D AR 17q12-21.3
LGMD2E AR 4q12
LGMD2F AR 5q33-34
LGMD2G AR 17q11-12 Telethonin
LGMD2H AR 9q31-33 TRIM 32
LGMD2I AR 19q13 FKRP
LGMD2J AR 2q31 Titin
LGMD2K AR 9q31 POMT1
LGMD2L AR 11p14.3 Anoctamin 5
LGMD2M AR 9q31-33 Fukutin
LGMD2N AR 14q24 POMT2
LGMD2O AR 1p32 POMGnT1
LGMD2P AR 3p21

AD 5q22.3-31.3 Myotilin
AD 10q22.3-23.2 ZASP
AD 7q32.1 Filamin-C
AD 11q21-23
AD/AR 2q35 Desmin
AR 1p36 Selenoprotein N1
AD 10q25.2-q26.2 BAG-3

Hereditary IBM
AR-Hereditary IBM GNE
H-IBM with FTD and Paget’s 
Disease

VCP

H-IBM 3 MyHC IIa
Distal dystrophies/myopathies
Welander AD 2p13 TIA1
Udd AD 2q31 Titin
Markesbery-Griggs AD 10q22.3-23.2 ZASP
Nonaka AR 9p1-q1 GNE
Miyoshi AR 2p13 Dysferlin
Laing AD 14q11 MyHC 7
Williams AD 7q32.1 Filamin C

Continued on next page
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In patients with distal weakness, early cataracts, clinical 
myotonia, cardiac arrhythmia, sleep apnea symptoms, 
cognitive issues, and myotonic discharges on needle EMG, 
consider genetic testing for myotonic dystrophy type 1.

In patients with proximal weakness, myalgias, early cataracts, 
clinical myotonia, and cardiac arrhythmia myotonic/
pseudomyotonic discharges on needle EMG, consider genetic 
testing for myotonic dystrophy type 2.

If there is no characteristic clinical phenotype present, then 
perform a muscle biopsy.

If the biopsy shows features MFM, consider checking for 
mutations seen with MFM as mentioned above.

If the biopsy just shows rimmed vacuoles and inclusions, 
consider hIBMPFD.

nuclear clumping, consider testing for myotonic dystrophy 
type 2.

If biopsy is nondiagnostic, consider genome-wide screening.

If There Is an Autosomal Recessive Inheritance 
Pattern

In patients from Great Britain, southern or eastern Europe, 
and Brazil, with scapular winging, no calf hypertrophy (may 
have atrophy), and no heart or ventilatory weakness, consider 
genetic testing for calpain-3 mutations (LGMD2A).

In patients with atrophy of calf muscles or an inability to stand 
on tip toes, consider genetic testing for ANO5 (LGMD2L) or 
dysferlin (LGMD2B) mutations.

In patients with northern European ancestry, calf hypertrophy, 
scapular winging, and early cardiac and pulmonary 
involvement, consider genetic testing for FKRP mutations 
(LGMD2I).

In patients with history of epidermolysis bullosa (blistering 
skin) or pyloric atresia, consider genetic testing for mutations 
in plectin.

If genetic testing is normal, perform muscle biopsy and 
immunostaining for dystrophin, sarcoglycans, merosin, 

immunoblot for dystrophin, calpain-3, and dysferlin, if the 
above are negative.

If immunostaining/immunoblots are abnormal, consider 

testing for late-onset Pompe disease (e.g., dried blood spot) 
or genome-wide screening.

If There Is an X-Linked Inheritance Pattern or 
a Sporadic Male

Consider genetic testing for mutations in the dystrophin gene 
(Duchenne or Becker muscular dystrophy). If this is negative, 
perform a muscle biopsy, immunostaining, immunoblots, and 
subsequent testing, as above.

If there are features of MFM or reducing bodies on the muscle 
biopsy, consider genetic testing for FHL1 mutations.

If the biopsy shows non-rimmed vacuoles, consider Danon 
disease and X-linked myopathy with excessive autophagia.

Nebulin myopathy AR 2q21.2-q22 Nebulin
Early onset distal AD 9p22 Kelch-like 9
Myopathy with Kelch-line 9 
(Drosophila) mutation
Other dystrophies
EDMD3 AD 6q24 Nesprin-1
EDMD4 AD 14q23 Nesprin-2
EDMD5 AD 3p25.1 LUMA
Scapuloperoneal dystrophy AD 2q35 Desmin
Muscular dystrophy with 
generalized lipodystrophy

AD 17q21.2 Cavin
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If the biopsy is nondiagnostic and genetic testing is 
unrevealing, consider genome-wide screening.

In women with a possible X-linked disorder (familial 
presentation with males more affected than females or 
sporadic presentation), check for a mosaic appearance of 
dystrophin by immunohistochemistry, if there are no affected 
males available for genetic testing for dystrophin.

HUMEROPERONEAL PATTERN OF 
WEAKNESS (EMERY–DREIFUSS MUSCULAR 
DYSTROPHY PHENOTYPE)

In patients with a humeroperoneal pattern of weakness, early 
elbow/ankle contractures, rigid spine, or cardiac involvement 
and an autosomal dominant inheritance pattern, consider 
genetic testing for mutations involving lamin A/C. In patients 
with the above presentation but an X-linked inheritance 
pattern, consider genetic testing for mutations in emerin.

If genetic testing is negative, perform muscle biopsy to look 
for MFM features, and, if present, consider genetic testing 
for FHL1 mutations (particularly if X-linked and there 
are reducing bodies); if this is negative, check for desmin 
mutations.

In patients with the above clinical features and also laxity 
of distal joints and protuberant calcanei but no cardiac 
involvement, consider genetic testing for collagen VI 
mutations (i.e., Ullrich congenital muscular dystrophy 
if congenital onset and autosomal recessive inheritance, 
Bethlem myopathy if later onset and autosomal dominant 
inheritance).

is unrevealing consider genome-wide screening.

DISTAL MYOPATHIES

and late (>40 years) onset.

If There Is an Autosomal Dominant Inheritance 
Pattern

Perform a muscle biopsy to look for rimmed vacuoles, 
other features of MFM, reducing bodies, and abnormal 
accumulation of lipid or glycogen.

In patients with mid-to-late adult onset (>40 years) of 
distal weakness with early foot drop, with or without 
cardiomyopathy, ventilatory muscle weakness, needle 
EMG showing “pseudomyotonic” discharges, and biopsy 
consistent with MFM, consider genetic testing for myotilin 

If biopsy just shows rimmed vacuoles and inclusions, 
consider hIBMPFD.

In patients with the above features presenting in childhood 
or early adulthood (<40 years), consider genetic testing for 

In patients with early adult onset of distal weakness with 
foot drop, neck weakness, cardiomyopathy but no vacuoles 
on biopsy, consider genetic testing for mutations in MyHC7 
(Laing myopathy).

In patients with childhood onset of distal weakness with foot 
drop, neck weakness, cardiomyopathy but no vacuoles on 
biopsy, consider checking for mutations in the gene for KLHL9.

is unrevealing consider genome-wide screening.

If There Is an Autosomal Recessive Inheritance 
Pattern

In patients with early adult onset calf weakness/atrophy, 

biopsy, consider genetic testing for mutations in the genes for 
dysferlin and ANO5 (Miyoshi myopathy).

In patients with early adult onset foot drop and rimmed 
vacuoles on muscle biopsy, consider genetic testing for 
mutations in the GNE gene (hereditary inclusion body 
myopathy).

In patients with early adult onset foot drop and nemaline rods 
on muscle biopsy, consider genetic testing for mutations in 
the nebulin gene.

is unrevealing consider genome-wide screening.

If There Is an X-Linked Inheritance Pattern

In patients with distal weakness with foot drop, with or without 
cardiomyopathy, particularly if there are reducing bodies 
on muscle biopsy, consider genetic testing for mutations 
FHL1 gene (reducing body myopathy). If biopsy reveals 

consider genome-wide screening.

Again, it is important to emphasize that autosomal dominant, 
autosomal recessive, or X-linked myopathies may present as 
sporadic cases.
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VIGNETTE ONE

A 59-year-old woman with a history of type 1 diabetes for 25 
years presents with complaints of dizziness when standing, heat 
intolerance, and neuropathy pain. She has a history of nephropathy, 
retinopathy, and Charcot foot. She has fatigue during the day and 
palpitations when active. The following results are obtained in 
the clinic:

Neuromuscular Vignettes
Amanda C. Peltier, MD

Assistant Professor, Vanderbilt University Medical Center
Nashville, TN

Gerald J. Herbison, MD
Professor, Department of Rehabilitation Medicine

Jefferson Medical College, Thomas Jefferson University
Philadelphia, PA

Björn E. Oskarsson, MD
Assistant Professor of Clinical Neurology

Director, Multidisciplinary ALS Clinic
University of California Davis Medical Center

Sacramento, CA

Position Length of time Heart rate (bpm) Blood pressure (mmHG)
Supine 15 min 102 140/69
Upright 1 min 104 76/47
Upright 3 min 102 79/49
Upright 5 min 103 85/51
Upright 10 min 105 97/55

Questions

ordered (e.g., deep breathing, Valsalva maneuver with 
continuous blood pressure, and sudomotor testing)?
A. Normal, this is not an autonomic neuropathy.
B. Abnormal, heart rate response to deep breathing only 

will be absent or reduced.
C. Abnormal, heart rate response to deep breathing will be 

absent or reduced, Valsalva maneuver will show lack of 
heart rate elevation and loss of phase II late and phase IV 
blood pressure components.

D. Abnormal, heart rate response to deep breathing will be 
absent or reduced, Valsalva maneuver will show lack of 
heart rate elevation and loss of phase II late and phase IV 
blood pressure components, and sudomotor testing will 
show distal loss of sweat in length dependent gradient.

1B. Which autonomic test results show the earliest changes seen
in patients with diabetic autonomic neuropathy?
A. Impaired heart rate response to deep breathing.
B. Impaired blood pressure response to valsalva maneuver.
C. Heart rate elevation with standing.
D. Orthostatic blood pressure decrease with submaximal 

heart rate elevation with standing.
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1C. Which intervention is MOST appropriate?
A. Behavioral changes such as toe raise, leg cross, step up 

to increase blood pressure when standing, raising head 
of bed.

B. Trial of medications such as midodrine 5-10 mg three 
times a day as needed if no supine hypertension present.

C. Counseling patient to drink two 8 oz glass of water in 
the morning before rising to raise systolic blood pressure 
20 mm.

D. All of the above.

Motor Nerve Conduction Studies
Nerve and site Latency (ms) Amplitude (mV) Segment Latency

difference (ms)
Distance (mm) Conduction

velocity (m/s)
Peroneal nerve (right)
Ankle 6.2 4.0
Fibular head 13.5 2.6 7.3 350 48
Tibial nerve (right)
Ankle 3.6 2.0
Popliteal fossa 14.2 1.4 Ankle-popliteal fossa 10.6 430 41
Tibial nerve (left)
Ankle 4.1 6.8

Sensory Nerve Conduction Studies
Nerve and site Latency (ms) Amplitude (V) Segment Latency

difference (ms)
Distance (mm) Conduction

velocity (m/s)
Sural nerve (right)
Lower leg 3.9 8 Ankle-lower leg 3.9

F-Wave Studies
Nerve M-wave

latency (ms)
F-wave
latency (ms)

Tibial nerve (right) 5.8 57.4

Questions
2A. What is the MOST sensitive test used to diagnose this 
patient’s disorder?
A.
B. Quantitative sensory testing.
C. Distal and proximal leg skin biopsies with intraepidermal 

D. Sympathetic skin response.

A QSART was performed which shows the following (right):

VIGNETTE TWO
A 50-year-old man presents with pain in his feet which gets worse 
with activity and at night when lying in bed. He has a history of 
elevated cholesterol for which he takes a statin and was found 
on laboratory workup to have impaired glucose tolerance, with a 

pin to his calves bilaterally. A needle electromyography (EMG) 
examination shows the following:

NEUROMUSCULAR VIGNETTES
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F-Wave Studies
Nerve M-wave

latency (ms)
F-wave
latency (ms)

Ulnar (right) 10.2 36.1
Peroneal (right) 14.2 65.0

2B. What other laboratory tests should be considered to discover
possible etiologies?
A. Vitamin B12 level.
B. Serum protein and urine protein electrophoresis.
C. Transthyretin genetic testing.
D. All of the above.

2C. What is the MOST LIKELY autonomic symptom this
gentleman may suffer?
A. Erectile dysfunction.
B. Dry mouth.
C. Urinary incontinence.
D. Heat intolerance.

VIGNETTE THREE

A 62-year-old man with a history of amyloid light-chain (AL) 
amyloidosis (after two cycles of Velcade® [bortezomib]). He 
states that he had numbness in his feet for years, but it worsened 

of numbness on his left thigh and poor balance. His examination 

Strength is 5/5 proximally and distally. Vibration is diminished at 
the toes. Pinprick sensation is decreased to the knees, and it is also 
decreased over the left lateral thigh. Nerve conduction studies 
(NCSs) show the following:

Motor Nerve Conduction Studies
Nerve and site Latency (ms) Amplitude (mV) Segment Temperature 

(ºC)
Latency
difference (ms)

Distance
(mm)

Conduction
velocity (m/s)

Ulnar (right)
Wrist 3.7 10.3 Abductor digiti 

minimi (manus) – 
wrist

31.5 3.7 70

Below elbow 7.8 9.1 Wrist – below elbow 31.4 4.1 190 46
Above elbow 10.2 8.6 Below elbow –above 

elbow
31.4 2.4 100 42

Peroneal (right)
Ankle 5.6 1.6 Extensor digitorum 

brevis – ankle
32.1 5.6 90

Fibula (head) 14.2 1.5 32.1 8.6 290 34
Popliteal fossa 16.2 1.6 Fibula (head) – 

popliteal fossa
32.1 2.0 70 35
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Sensory Nerve Conduction Studies
Nerve and site Onset

latency
(ms)

Peak
latency
(ms)

Amplitude Segment Temperature 
(ºC)

Latency
difference 
(ms)

Distance
(mm)

Conduction
velocity (m/s)

Radial (right)
Forearm 2.0 2.6 17 anatomical snuff box–forearm 31.6 2.0 100 50
Ulnar (right)
Wrist NR NR NR 31.8 140
Sural (right)
Lower Leg NR NR NR Ankle-lower leg 32.1 140
Sural (right)
Lower leg NR NR NR Ankle-lower leg 31.6 140
Radial (right)
Forearm 1.8 2.4 16 Anatomical snuff box-forearm 30.7 1.8 100 54

NR=no response

action potential, SI=Slightly

Insertional Spontaneous activity Volitional MUAPs Maximum patient effort
Ins Activity Fibs Positive

Waves
Fasc Amp Dur Poly Pattern MUAP 

amp
Pattern Effort

Abductor
hallucis

R Inc 2+ 2+ None Sl incr Sl incr Poly Few Fr incr Sl decr Reduced Full

First dorsal 
interosseous
pedis

R Inc 2+ 2+ None Sl incr Sl incr Poly Few Fr incr Sl decr Reduced Full

Questions
3A. What in the patient’s history suggests chemotherapy-induced

neuropathy?
A. History of AL amyloidosis.
B. Time course of neuropathy linked to chemotherapy 

agent.
C. Lack of progression once chemotherapy agent 

withdrawn.
D. None of the above.

3B. What is the MOST COMMON presentation of chemotherapy
induced neuropathy?
A. Demyelinating neuropathy.
B. Axonal neuropathy, predominantly motor.
C. Axonal neuropathy, predominantly sensory.
D.

3C. What is the treatment for chemotherapy-induced neuropathy?
A. Treatment of neuropathic pain.
B. Increasing the dosage or exposure to chemotherapeutic 

agent suspected.
C. Decreasing the dosage or stopping the agent.
D. No change in treatment; it is just an expected side effect 

of treatment.

VIGNETTE FOUR

This patient presents with intermittent numbness, tingling, and 

She experienced no other symptoms and had normal sensation, 
including two-point discrimination and normal abductor pollicis 
brevis strength and needle EMG at the time of the electrodiagnostic 
(EDX) study. The following recording was obtained.

Questions
4A. Which of the following statements concerning this patient’s

diagnosis of carpal tunnel syndrome (CTS) is TRUE?
A.
B. It is severe because of prolonged latency.
C. It is mild because of intermittent symptoms.
D.
E.

NEUROMUSCULAR VIGNETTES
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An additional recording was performed and the following 
information was obtained:

4B. Which of the following statements concerning this patient’s
diagnosis of CTS is TRUE?
A.
B. It is mild because of intermittent symptoms.
C. It is severe based on the history, physical examination, 

and EDX studies.
D.

(SNAP) represents conduction block.
E.

temporal dispersion.

4C. Upon further questioning, the patient volunteers that she
awakens 2-3 times every other night with symptoms. 
Which of the following statements concerning this patient’s 
diagnosis of CTS is TRUE?
A.
B. It is severe because of conduction block at the wrist.
C. It is mild because of intermittent symptoms.
D.
E. Based on the history, physical examination, and EDX 

studies, it is severe because of the symptoms.

VIGNETTE FIVE

This patient had a radical neck dissection. After the surgery he 

(A video will be presented during the live course.)

Question
5A. The weak shoulder abduction seen in the video is due to

weakness of which of the following muscles?
A. Supraspinatus.
B. Rhomboids.
C. Posterior deltoid.
D. Pectoralis major.
E. Trapezius.

VIGNETTE SIX

His mother had similar problems.
(A video will be presented during the live course.)

Questions
6A. This patient, seen in the previous video clips, exhibits a

Beevor’s sign. The patient’s symptoms and signs are 
consistent with a diagnosis of which of the following?
A. T 10 spinal cord injury.
B. Kennedy disease.
C. Myotonic dystrophy.
D. Limb girdle dystrophy.
E. Fascioscapulohumeral muscular dystrophy.

6B. If the biceps is strong, the perceived weakness of elbow

A. Posterior deltoid.
B. Latissimus dorsi.
C. Rhomboids.
D. Upper trapezius.
E. Serratus anterior.

VIGNETTE SEVEN

In 1953, a 15-year-old boy developed sudden onset of total, 

total paralysis of the distal right limb. His sensation was normal.

Questions
7A. Which of the following is the MOST LIKELY diagnosis?

A. Traumatic plexopathy.
B. Neuralgic amyotrophy.
C. Functional paralysis.
D. Guillain–Barré syndrome.
E. Polio.

7B. The boy had serratus weakness. Which is the BEST way to
test for this?
A. Having him push against a wall.
B. Having him perform a push-up.
C. Accepting that the muscle cannot be tested.
D. None of the above.

VIGNETTE EIGHT

A 65-year-old man presents with a chief complaint of increasing 
right arm weakness over the last year. His past medical history is 
unremarkable. His family history is notable for an older brother 
with dementia with onset in his late 60s.

Examination reveals fasciculations in the tongue, both arms, and 
right thigh. There is atrophy of the right lateral hand as well as to a 
milder degree the whole right arm. Tone is increased in all limbs. 

are increased in the arms and legs as as are the jaw jerk and gag 
response. NCSs are notable only for the compound muscle action 



potentials being smaller in the right arm versus the left. Needle 
EMG reveals widespread acute and chronic denervation changes 
in three limbs and bulbar muscles.

Questions
8A. Which genetic marker of amyotrophic lateral sclerosis (ALS)

is MOST LIKELY to be positive in this patient?
A. Superoxide dismutase 1 (SOD1) (other than A4V).
B. C9orf72.
C. TDP-43.
D. SOD1 A4V.

8B. Which of the following associations between gene and
phenotype is the MOST UNLIKELY?
A. SOD1—ALS or progressive muscular atrophy (PMA).
B. C9orf72—ALS or frontotemporal degeneration (FTD).
C. Valosin-containing protein (VCP)—ALS, FTD, or 

inclusion body myositis (IBM).
D. ALSIN—adult ALS or PMA.

8C. Which of the following statements about the genetics of ALS
is UNTRUE?
A. Most cases of familial ALS are dominantly inherited.
B. Several genes can cause both ALS and FTD and the 

different phenotypes of the same underlying pathology.
C.

gene in apparently sporadic ALS.
D. C9orf72 hexa repeat expansions are seen in 5-21% of 

apparently sporadic ALS cases.

VIGNETTE NINE

A patient with upper limb onset ALS is developing increasing 
problems with controlling her head. As she is cared for her until 
her death, different neck braces are sequentially used to help this 
troubling symptom (see below). At each of the following stages of 

Questions

and extension. She has some neck discomfort during longer 
car rides. What would be the MOST APPROPRIATE initial 
brace?
A. Soft neck collar.
B. Wire brace (e.g., Headmaster).
C. Rigid plastic collar (e.g., Philadelphia, Aspen®).
D. Wheelchair support with strap.

9B. Her neck weakness is now moderate and particularly troubling
for holding her head up from her chest. What would be the 
MOST APPROPRIATE brace to use during the day?
A. Soft neck collar.
B. Wire brace (e.g., Headmaster).
C. Rigid plastic collar (e.g., Philadelphia, Aspen®).
D. Wheelchair neck support with strap or arms.

9C. Her neck weakness is now severe as well as her limb weakness.
She uses a motorized wheelchair most of the day and 
some nights. She often feels a bit claustrophobic with 
all her equipment on and has had some skin breakdown 
from her current neck brace. What would be the MOST 
APPROPRIATE brace for her to use?
A. Soft neck collar.
B. Wire brace (e.g., Headmaster).
C. Rigid plastic collar (e.g., Philadelphia, Aspen®).
D. Wheelchair support with strap.

VIGNETTE TEN

A 45-year-old man presents with 4 years of gradually worsening 
muscle cramps and fasciculations. His symptoms started in the 
calf muscles, but are now affecting most if not all muscles. He 
has not noted any muscle atrophy, but he has lost weight and is no 
longer overweight. He has no sensory or autonomic complaints.
His general examination is unremarkable. He appears to be 

frequent—almost continuous—fasciculations in many muscle 
groups. He experiences one calf cramp during strength exam, but 
there is clearly no weakness or atrophy.

The EDX study is normal with respect to NCSs; repetitive nerve 
conduction was without decrement or increment in the ulnar 

waves. There were several fasciculations seen in three limbs 
affecting two or more muscles supplied by different nerves. 
The fasciculations did not appear complex, but rather seemed to 
have a normal motor unit morphology. The patient experienced a 
couple of cramps during the study, one in the right gastrocnemius 
that was able to be recorded. The cramp discharge had a typical 
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Questions
10A. What is TRUE regarding this patient’s risk of ALS?

A. He does not have ALS, but he may have a slightly 
increased lifetime risk.

B. He has ALS by the Lambert criteria.
C. He does not have ALS and will never get it.

10B. Which of the following conditions have been reported to
present as a cramp and fasciculations syndrome?
A. ALS.
B. Becker dystrophy. 
C. Voltage-gated potassium antibodies. 
D. Acetylcholine receptor antibodies. 
E. All of the above.

10C. According to the Cochrane Review there is only one
medication with proven effect against muscle cramps, stating 
that “There is moderate quality evidence that _______ 

days more than placebo.” To which medication does the 
review refer?
A. Carbamazepine.
B. Quinine.
C. Gabapentin.
D. Magnesium.

VIGNETTE ELEVEN

A 25-year-old woman presents for 10 years of progressive eyelid 
drooping. She denies frank double vision, but notes some blurring 
of vision on lateral gaze. She has been experiencing worsening 
fatigue over the last 3 years. Initially, she attributed this to the 
birth of her daughter and subsequent sleep disturbances, but 
despite her daughter sleeping through the night her fatigue is 
worsening. Her past medical history is unremarkable; she has 
had cholecystectomy and ptosis surgery. She is the youngest of 
six healthy siblings and her parents are alive and without health 
problems. Her review of systems is notable for palpitations. She 
is on birth control pills and supplements.

Examination shows the following:
Height: 154 cm. Weight: A little over 40 kg.

Mental status: Normal.

Cranial nerves: Pupils are slightly irregular, going from 6 to 
3. Eye adduction is reduced 60%, and up gaze is severely 
reduced with little movement. She has marked bilateral 
ptosis. Normal facial sensation. Moderate bilateral facial 
weakness including all aspects of the face. Normal hearing. 
Normal palatal movement. Sternocleidomastoids are well 
formed but weak, 4/5. Trapezii are 5/5. There is a slight extra 
furrow on the right side of the tongue.

Motor: Generally reduced bulk, but no focal atrophy. No 
fasciculations. Tone is normal.

are strong.

Achilles 2+. Babinski sign absent.

Sensory: Intact to light pinprick and vibration.

to tolerate the examination. Repetitive nerve stimulation was 
normal. Creatine kinase was normal at 68. The anti-acetylcholine 

tests were negative/normal. Thyroid studies were normal.

Questions
A muscle biopsy reveals the following on trichrome staining:

11A. What can be observed?
A. Abnormal cytoplasmic glycogen accumulations.
B. Red rimmed vacuoles.
C.
D. Increased perimysial connective tissue.
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11B. Which of the following statements concerning the genetics 
of this condition is the MOST ACCURATE?

A. It is always caused by a mitochondrial mutation, either a 
duplication, deletion, or point mutation.

B. It is most often recessively inherited.
C. Mutations in the mitochondrial and somatic DNA can 

cause this phenotype.
D. Mitochondrial diseases are always homoplastic (i.e., the 

mitochondria in one cell are genetically identical).

11C. In addition to muscle, many other tissues are often affected 
by mitochondrial cytopathies. Some of these multisystem diseases 
are referred to by an acronym. Which of the following is NOT an 
acronym used to refer to a mitochondrial cytopathy syndrome?

A. CPEO.
B. MELAS.
C. MFN2.
D. KSS.
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