
 
Neur
 
Franc
J. Bo
Flore
Hunt
 
Intro
 
Neur
subsp
prim
musc
and d
Rece
phys
neuro
testin
neuro
electr
AAN
scope
medi
the p
outlin
  
Evol
 
The 
ultras
distin
High
have 
nerve
frequ
comp
diagn
evalu
that n
and, 
hype
quan
stand
being
 
Interv
have 
now 
admi
block
 
 

romuscular

cis O. Walker
oon, MD, M
es, MD, Lisa 
t, MD, Scott J

oduction and

romuscular u
pecialty field
ary diseases o
culoskeletal u
degenerative 
ent technolog
icians to st
omuscular di
ng was used 
omuscular u
rodiagnostic 

NEM that ne
e of practice o
icine and reh
prerequisites 
ned below. 

lution of Neu

first report
sound was 3
nct imaging 
h resolution/h

since made i
es. It is no
uently asso
pressive neur
nostic signif
uate muscle d
now it is pos

most rec
ertrophy are 
ntitative muscl
dards for ultr
g published.  

ventional app
quickly adv
routinely 

inistration for
ks. Ultrasound

r Ultrasound

r, MD, Katha
Michael S. Ca

D. Hobson-W
J. Primack, D

d Definitions 

ultrasound is 
. Neuromuscu
of nerve and 
ultrasound, w
changes of te
gical advanc
tudy periphe
iseases.  In t

to diagnose
ultrasound ca

findings. It
euromuscular 
of specialists 

habilitation wh
for the perfo

uromuscular 

t of the u
30 years ago
characteristic

high frequenc
it possible to 

ow clear tha
ociated wit
ropathies and 
ficance.  Th
disease has a
sible to imag
cently, fibri
readily mea
le echointens
rasound of bo

plications of 
vanced.  Neu

used to 
r proximal n
d decreases th

d Qualificat

arine E. Alter,
artwright, MD

Webb, MD, C
O, Steven J. S

an emergin
ular ultrasoun
muscle. It is 

which focuses 
endons and sy
ces in ultra
eral nerves 
the past, elec
e these diseas
an now com
t is the pos

ultrasound i
in neurology
ho have the 
rmance and 

Ultrasound 

utility of ne
o with the e
cs of muscula
cy ultrasound
routinely stu

at anatomic 
th inflamm
that these ch

he ability to
lso improved

ge fasciculatio
illations. A
sured as are
ity. Reference
oth nerve an

neuromuscul
uromuscular 
guide local

nerve and bra
he risk of inad

tions 

, MD, Andrea
D, Victor H.

Christopher H.
Shook, MD 

ng diagnostic
nd focuses on
distinct from
on traumatic

ynovial joints.
sound allow
to evaluate

ctrodiagnostic
ses; however

mplement the
sition of the
is within the

y and physical
demonstrated
interpretation

euromuscular
lucidation of
ar dystrophy.
d transducers

udy peripheral
changes are

matory and
hanges are of
o sensitively
d to the point
ons of muscle

Atrophy and
e changes in
e  
d muscle are

ar ultrasound
ultrasound is
l anesthetic
achial plexus
dvertent  

a 
. 
. 

c 
n 

m 
c 
. 

w 
e 
c 
r 
e 
e 
e 
l 
d 
n 

r 
f 
. 
s 
l 
e 
d 
f 
y 
t 
e 
d 
n 

e 

d 
s 
c 
s 

 
 
 
intra
local
impr
used
in m
tunn
Ultra
used
diaph
deep
stimu
 
Clin
 
Stud
ultra
neur
neur
fibul
as w
Addi
diagn
neur
prim
infla
atrop
 
Ultra
varie
of n
and 
futur
deve
clini
is w
grow
ultra
 
Prer
of N
 
Profi
 

1

2

aneural or intr
lization whic
roves safety 
d to guide the
muscle and sa
nel, and for g
asound guide

d to more safe
hragm, or to 

p nerves at 
ulation.   

nical Indicati

dies to date 
asound may
ropathies incl
ropathy at the
lar head, here

well as the de
itional eviden
nosis of mul

ropathies, an
mary muscle d
ammatory m
phy.   

asound techn
ety of neurom
neuromuscula
cost-effective
re. For five d
elopment, gr
ical neurophy

well suited to
wth, and cli
asound.  

requisites for
Neuromuscula

ficiency in the

1) An unde
muscle 
which can

2) An under
myopathi

ravascular inj
ch lowers th
margins. The
erapeutic inje
alivary gland
guiding biops
ed EMG need
fely study hig

assist with d
sites inacc

ions for Neur

have sugge
y be usefu
luding: carpa
e elbow, and 
editary neuro

etection of ne
nce suggests 
ltifocal moto

nd in the ev
diseases inclu

myopathies, 

nology is r
muscular dise
ar ultrasound
e technique, 
decades, the A
rowth, and 
ysiology in ne
o take a lead 
inical applic

r the Perform
ar Ultrasoun

e neuromuscu

erstanding o
anatomy, in
n mimic disea
rstanding of t
ic and neurog

jection and en
e drug doses
e technique h
ections of bo
ds, steroids in
sies of nerve
dle placemen

gh risk muscle
direct needle 
cessible to 

romuscular U

ested that n
ul in diagn
al tunnel syn
peroneal neu

opathies, nerv
erve tumors a
a role for ultr

or and other 
valuation of 
uding muscul
and neurog

apidly evolv
ases is expan

d, a painless,
is likely to in
AANEM has

clinical ap
euromuscular
 role in the 

cations of n

mance and In
nd 

ular ultrasoun

of periphera
ncluding nor
ase. 
the distributio

genic diseases

nhances nerv
s needed and
has also been

otulinum toxin
nto the carpa
e and muscle
nt can also b
es such as th
stimulation o
percutaneou

Ultrasound 

neuromuscula
nosing foca
ndrome, ulna

uropathy at th
ve transection
and neuromas
rasound in th
inflammatory
a variety o

lar dystrophy
genic muscl

ving and th
nding. The us
, noninvasiv
ncrease in th
s overseen th
plications o
r diseases and
development

neuromuscula

nterpretation

d requires:  

l nerve and
rmal variant

on patterns o
s. 

 

e 
d 
n 
n 
al 
e. 
e 
e 

of 
s 

ar 
al 
ar 
e 

n, 
s. 
e 
y 

of 
y, 
e 

e 
e 
e 
e 
e 

of 
d 
t, 
ar 

n 

d 
s 

f 

kmunn
Text Box

kmunn
W/O Header

kmunn
Text Box

kmunn
Text Box



conduction studies, needle electromyography, and
specialized testing such as single-fiber EMG); soma-
tosensory evoked potentials; autonomic testing
[quantitative sudomotor axon reflex test (QSART),
thermoregulatory sweat test, sympathetic skin
response, tilt table test, Valsalva maneuver]; quantita-
tive sensory testing; nerve and muscle ultrasonogra-
phy; neuroimaging studies; and biopsy of skin,
nerve, and muscle for pathologic diagnosis.

Patient Management. NM medicine encompasses
many individual disease processes, each of which
requires its own management paradigm. Specific
focuses of management include pharmacological
and disease-modifying therapies, rehabilitation,
and counseling.

NM medicine practitioners use disease-modifying
therapies, such as immunosuppressant medications,
intravenous gammaglobulin (IVIg), and plasmapher-
esis, to treat inflammatory and autoimmune disor-
ders. Other pharmacological treatments are used in
disorders such as myasthenia gravis, Lambert–Eaton
syndrome, periodic paralysis, myopathies, and pain-
ful neuropathies, among others.

Counseling is necessary for all patients and varies
with the specific disorder and individual patient sit-
uation. Disorders requiring special counseling
include focal neuropathies and radiculopathies that
may require surgical intervention, hereditary disor-
ders that require genetic and family counseling, and
life-threatening disorders such as ALS.

Rehabilitation is a critical component of the
management of essentially all patients with NM dis-
orders. Areas of rehabilitation include exercise;
assistive technology and devices; orthotics; physical
and occupational therapy; respiratory function;
speech and swallowing; and vocational/avocational,
psychological, and nutritional support.4 Modalities
used include physical and occupational therapy,
therapeutic exercise, bracing, and speech therapy,
among others. Rehabilitation is often required in
both the acute and postacute hospital setting, as
well as in the outpatient setting.

Because of the common occurrence of progres-
sive disability in patients with NM conditions, mul-
tidisciplinary clinics play an important role in pro-
viding multiple services in one geographical
location for disabled patients. Many NM conditions
have involvement of organ systems outside the
PNS and often require collaboration with special-
ists in other areas of medicine. Because NM spe-
cialists are knowledgeable about the effects of NM
conditions on other organ systems and their
impact on mobility and activities of daily living,
they are best qualified to direct multidisciplinary
clinics for the care of patients with NM conditions.
NM physicians, nurses, physical and occupational

therapists, nutritionists, orthotists, and social work-
ers see patients during clinic operation and then
participate in management conferences to con-
sider treatment options in a multidisciplinary set-
ting. Muscular Dystrophy Association (MDA)-spon-
sored clinics and ALS Association (ALSA)-
sponsored clinics are examples of systems of care
that improve patient outcomes efficiently and cost-
effectively.5

TRAINING

The practice of NM medicine is ideally initiated af-
ter subspecialty post-residency fellowship training.
The NM medicine fellowship curriculum is a natural
extension of basic residency training in Neurology
or Physical Medicine and Rehabilitation.6 For this
reason, neurologists and physiatrists are best
equipped to benefit from fellowship training and
subsequently practice in the field of NM medicine.
The Accreditation Council for Graduate Medical
Education (ACGME) established standards for NM
fellowship programs in February 2005. NM medicine
specialists practicing prior to the start of these pro-
grams will not have completed an NM medicine fel-
lowship. The American Board of Psychiatry and
Neurology (ABPN) and the American Board of
Physical Medicine and Rehabilitation (ABPMR) have
established a practice track that allows physicians to
participate in the NM examination without complet-
ing a fellowship program. Beginning in 2013 all
applicants will be required to complete an ACGME-
accredited training program in NM medicine in
order to be eligible to sit for the examination.

The goal of the certification process in NM
medicine is to serve the public interest by promot-
ing excellence in patient care, teaching, and
research for these often disabling and progressive
diseases.1 In addition, certification provides the
diplomate with recognition for specialized training
in the field that patients and referring physicians
will find useful when seeking NM expertise.

Ideally, fellowship training in NM medicine
should be gained by enrollment in an ACGME-
accredited NM medicine fellowship program. This
allows for eligibility to take the NM medicine sub-
specialty certification examination offered by the
ABPN and the ABPMR, which was first offered in
2008. ACGME-accredited NM medicine training
provides the clinical experiences, clinical skills de-
velopment, and increased fund of knowledge that
are the foundation of competent practice of NM
medicine.4,6

PROFESSIONAL DEVELOPMENT

The AANEM is prepared to provide continuing
medical education to physicians who wish to ac-
quire prerequisite skills in the clinical, laboratory,
and electrodiagnostic evaluation of patients with
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neuromuscular disease. The AANEM is also willing
to partner with other interested medical organiza-
tions to improve education and research in the
field of NM medicine.
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