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Health care providers are not only 
healers but problem-solvers. 
Before aiding in the relief of 

patients’ symptoms, physicians must 
diagnose—or deduce—the cause of those 
symptoms. Unlike storybook detectives 
of old who used little more than a simple 
magnifying glass to discover a clear-cut 
culprit, physicians have many diagnostic 
tools in their arsenal to narrow down the 
countless possibilities similar symptoms 
may suggest.

As an example, consider carpal tun-
nel syndrome, a neuromuscular condition 
linked to numbness, tingling, and weak-

ness in the hand and wrist1 that affects 
approximately 3 percent of adults in the 
United States.2 The underlying cause is a 
compressed or pinched median nerve in 
the carpal tunnel, which is a narrow pas-
sageway on the palm side of the wrist.1,2

The condition may be linked to the 
stress of repetitive physical maneuvers (often 
work-related), an injury or other physical 
trauma, obesity, pregnancy, diseases such 
as diabetes and arthritis, and other causes. 
Symptoms often occur gradually and can 
worsen over time.1,2

In the primary care setting, a careful 
physical examination can often help physi-

cians determine whether carpal tunnel syn-
drome is the source of the patient’s symp-
toms. Physicians will examine the hands, arms, 
shoulders, and neck, checking for swelling or 
tenderness in the wrist and loss of feeling in 
the fingers and muscle strength in the hands. 
They will want to know about patients’ daily 
activities, medical history, and whether the 
symptoms might have been caused by an injury 
that has occurred. They might ask patients 
whether they are in the habit of flicking their 
wrist or shaking their hand to relieve any 
discomfort or that pins-and-needles feeling. 
This habit, referred to as the flick sign, is often 
an indicator of carpal tunnel syndrome.1

Touching
a nerve



As part of the initial examination, 
patients might also be asked to perform 
some simple physical tests, such as the wrist-
flexion test.3 This test involves pressing the 
backs of the hands and fingers together, 
flexing the wrist with the fingers pointing 
down for a minute or more. If this action 
causes tingling or numbness in the fingers, 
it can indicate carpal tunnel syndrome. 
Other physical tests similar in nature may 
also help to make the diagnosis.

Lab partners
Not all pain, numbness, or tingling in the 
hand or wrist is attributable to carpal tunnel 
syndrome. While carpal tunnel syndrome 
can be diagnosed in the clinical setting, 
for some patients further testing may be 
needed to confirm or clarify the diagnosis. 
This can involve a referral to their health 
care provider’s electromyography (EMG) 
laboratory for neurodiagnostic testing. 
For carpal tunnel syndrome, such testing 
will involve the use of an EMG and nerve 
conduction study (NCS).4

While electromyography refers to elec-
trical testing of muscles, the term EMG 
laboratory (sometimes shortened to EMG 
lab or EMG study) is often used to refer more 
generally to neurodiagnostic tests for both 
nerves and muscles. As such, the EMG labo-
ratory provides neurologists, physiatrists, 
and referring physicians with sophisticated, 
high-tech diagnostic testing services for a 
wide array of neuromuscular disorders4:

• Carpal tunnel syndrome

• Amyotrophic lateral sclerosis

• Muscular dystrophy

• Neurofibromatosis

• Restless leg syndrome

• Myasthenia gravis

• Neurological spine conditions

• Other conditions and diseases

What is the EMG study exactly? First, it is 
one examination divided into two distinct 
components: 

1. Nerve conduction study (NCS) 

2. Needle electrode EMG

Basically, the NCS measures how fast an 
electrical impulse moves through the nerve 
before it reaches the muscle, while the needle 
electrode EMG evaluates muscle response 
to a nerve’s stimulation.5

“Nerve conduction studies evaluate the 
integrity of both the sensory and motor compo-
nents of nerves,” explains Matthew Raday, MD, 
a neurologist and director of the SSM Health 
Dean Medical Group EMG and NCS laboratory 
in Madison, Wisconsin. “In general, it assesses 
the speed with which an applied electrical 
stimulus is carried across the nerve as well as the 
amplitude of the recorded response. The elec-
tromyography component assesses the muscle, 
telling us about the health of the muscle, and 
provides information about the connection of 
that particular muscle to the nerve that sup-
plies it. The NCS and the EMG [procedures] 
are always done at the same appointment and 
are interpreted together. Each test is tailored 
to the patient depending on the presenting 
symptoms.”

The needle electrode EMG is performed 
by a physician, usually a neurologist or 
physiatrist. While neurologists specialize 
in disorders of the nervous system, phys-
iatrists are trained in physical medicine and 
rehabilitation, including sports medicine and 
pain medicine. By contrast, the NCS can be 
performed by either a physician or specially 
trained technologist. In some states, physical 
therapists may also occasionally perform the 
needle EMG portion of the study.6

What is the instrumental role of the 
needles and electrodes used in the studies? 
“[The] EMG uses a needle that records the 
electrical activity in each muscle that it is 
entered into,” explains Benjamin Savage, MD, 
a neurologist with Neuroscience Group in 
Neenah, Wisconsin. “A small, very fine needle 
pokes into the muscle and then listens to the 
electrical activity both at rest and when the 
muscle’s being activated—when the person 
is moving the muscle. The nerve conduction 
study [NCS] uses a stimulating electrode 
and a recording electrode on either side of 
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the length of a nerve as it runs through the 
arm or the leg, or another part of the body, 
to see how well that nerve is conducting 
electricity down its length.”

Scope out diagnoses
While the EMG procedure and NCS can be 
used widely to study nerve health, the most 
frequent uses of these tests are for conditions 
such as carpal tunnel syndrome and other 
types of peripheral neuropathy (i.e., dam-
age to nerve endings at the hands and feet 
farthest from the spine), and radiculopathy 
(i.e., pinched nerves at the spine), notes Dr. 
Savage. “There are many different disorders, 
including a whole list of rare disorders that 
we can study, but these are the most common 
the EMG study is used to diagnose,” he says.

In fact, there are more than 100 condi-
tions that fall under the heading of periph-
eral neuropathy, according to the National 
Institute of Neurological Disorders and 
Stroke (NINDS).7 Basically, peripheral neu-
ropathy involves any condition where there 
is damage to the peripheral nervous system. 
The latter represents what NINDS describes 
as “the vast communication network that 
sends signals between the central nervous 
system (the brain and spinal cord) and all 
other parts of the body.”7 With so many 
types of peripheral neuropathy, symptoms 
can vary considerably, depending on the 
type of nerve damage involved (e.g., motor, 
sensory, or autonomic).

“Another commonly encountered neu-
ropathy we see in the arm is an ulnar neu-

ropathy,” adds Dr. Raday. “We can 
frequently see an ulnar neuropathy 
due to compression of the nerve at 
the elbow, also referred to as cubi-
tal tunnel syndrome. We are also 
frequently asked to evaluate for 
cervical radiculopathy or an irri-
tated nerve in the neck. Less com-
monly we see other peripheral 
nerve injuries in the arm including 
things like radial nerve or brachial 
plexus injuries.”

What other conditions is the 
EMG study used to diagnose? Two 
notable mentions include myasthenia 
gravis, a chronic autoimmune neuromus-
cular disease associated with weakness in 
the skeletal muscles, and muscular dystro-
phy, a neuromuscular disorder related to 
dysfunction in the muscle fibers.

For a condition such as myasthenia 
gravis, more specialized EMG testing may 
be used to confirm the diagnosis, notes Dr. 
Savage. “Single-fiber EMG is a variation 

of the test that 
looks very specifi-
cally at one small muscle fiber and watches 
how it receives information from an associ-
ated nerve,” he says. “Single-fiber EMG is 

On your nerves
Of the more than 100 types of peripheral neuropathy identified, each has its own 
symptoms and prognosis. Symptoms vary depending on the type of nerves that 
are damaged7:

• Motor nerves control the movement of muscles under conscious control (e.g., those 
used for walking, grasping things, or talking).

• Sensory nerves transmit such information as the feeling of a light touch, tempera-
ture, or the pain from a cut.

• Autonomic nerves control organs to regulate activities that people do not control 
consciously (e.g., breathing, digesting food, and heart and gland functions).

Most neuropathies affect all three types of nerve fibers to varying degrees; others 
primarily affect one or two types. Physicians use the following terms to describe 
different conditions7:

• Predominantly motor neuropathy

• Predominantly sensory neuropathy

• Sensory-motor neuropathy

• Autonomic neuropathy

About three-fourths of polyneuropathies are length-dependent, which means the farthest 
nerve endings in the feet are where symptoms develop first or are worse.7
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Spin(e) off
Radiculopathy is caused by compres-
sion, inflammation, or injury to a 
spinal nerve root. Pressure on the 
nerve root causes pain, numbness, 
or a tingling sensation that radiates 
to other areas of the body connected 
to that nerve. Radiculopathy may 
occur when spinal stenosis or a her-
niated or ruptured disc compresses 
the nerve root.11



exclusively for disorders of the neuromus-
cular junction, or when the nerve commu-
nicates with the muscle. Myasthenia gravis 
would be the most common example.”

In some conditions, the EMG study can 
play a 

particularly key role in confirming the diag-
nosis. “The EMG study has a very charac-
teristic pattern in ALS [amyotrophic lateral 
sclerosis], for example, which is a degenera-
tive disorder of the motor neurons as they 
leave the spine and travel throughout the 
body,” reports Dr. Savage.

The EMG procedure and NCS can 
also play a valuable diagnostic role in the 
evaluation of different types of peripheral 
polyneuropathies, including conditions 
such as Guillain-Barré syndrome, chronic 
inflammatory demyelinating polyneurop-
athy (CIDP), or other immune-mediated 
neuropathies, says Dr. Raday. A less-than-
common neurological disorder, CIDP 
causes progressive weakness and impaired 
sensory function in the legs and arms 
and is considered a chronic form of the 
autoimmune disorder Guillain-Barré 
syndrome.8

“The EMG study is very confirmatory 
for CIDP, which can be difficult to defini-
tively diagnose just based on the clinical 
exam,” notes Dr. Raday.

Put to the test
Where the diagnostic journey for neuromus-
cular disorders invariably begins is with a 
careful physical examination by the physi-

cian, including a review of the patient’s 
medical history and symptoms. In 

this sense, the EMG study repre-
sents the next logical step in the 

initial diagnostic assessment. 
For carpal tunnel syn-

drome, the EMG study 
is most often used to 
confirm cases in which 
the symptoms tend to 
be more atypical or 
less classic, as well as 
to exclude other diag-
noses, according to a 
report in American 
Family Physician.2

“We use  the 
EMG/NCS like an 

extension of our physi-

cal exam,” says Dr. Raday. “Much of the 
time our diagnosis relies on our history 
and physical but, for some cases, the pre-
sentation is complicated or difficult to 
sort out. For example, in carpal tunnel 
syndrome, we see a lot of patients with 
very classic carpal tunnel syndrome symp-
toms. However, many times the symptoms 
do not fit with a textbook presentation. In 
those circumstances, the EMG/NCS can 
give us objective data that supports our 
suspicions despite a somewhat unclear 
clinical picture.”

The EMG study can also be used for 
surgical planning or when a surgical pro-
cedure is being considered, adds Dr. Raday. 
“Much of the time surgeons considering 
a carpal tunnel release surgery may ask 
for the EMG/NCS for confirmation of 
the diagnosis and to exclude other poten-
tial etiologies for symptoms prior to the 
surgery,” he says. “In the case of a cervical 
radiculopathy, our neurosurgeon colleagues 
may ask us to perform the study to help 
guide management and surgical planning.”

Notably, the EMG study is one com-
ponent of what can often be a complex 
or less-than-straightforward diagnostic 
challenge for many neurology patients 
and others. This is especially true when 
such symptoms are vague or otherwise 
complicated and the diagnosis can take 
time to confirm. Indeed, the physician’s 
astute clinical assessment skills can be 
particularly crucial when confronting the 
diagnostic puzzle of symptoms associated 
with a broad range of neurological or 
neuromuscular disorders9:

• Weakness

• Pain

• Tingling

• Numbness

• Muscle twitching

• Loss of muscle bulk

• Double vision

• Droopy eyelids

• Breathing and swallowing problems
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Combo currents
“We use the EMG/NCS lab to diagnose 
both common and uncommon nerve 
and muscle disorders. We get refer-
rals from many specialties, including 
primary care physicians, neurologists, 
rheumatologists, orthopedic surgeons, 
neurosurgeons, and pain manage-
ment. The EMG/NCS can be especially 
helpful when patients have concurrent 
issues. For example, this could include 
a patient with numbness in the hand 
suggestive of carpal tunnel syndrome 
but also with prominent neck pain with 
shooting pain into the arm. Is this car-
pal tunnel syndrome, an irritated nerve 
in the neck, or both? The EMG/NCS can 
help us sort this out.”

—Matthew Raday, MD, neurologist 
and director of the SSM Health Dean 
Medical Group EMG and NCS labora-

tory, Madison, Wisconsin
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Thus, the clinical focus of the EMG study 
can bring into play not only neurological 
or neuromuscular issues but musculoskel-
etal, rheumatological, and cardiovascular 
systems. For many related or overlapping 
health issues, NCS and EMG testing in con-
junction with other diagnostic resources, 
including blood tests, radiological stud-
ies, cerebrospinal fluid examinations, and 
muscle and nerve biopsies, can offer clini-
cians measurable insights into a patient’s 
condition and diagnosis.

A stimulating conversation
Generally, the EMG study is a low-risk  
procedure and requires little preparation by 
patients. Before a scheduled appointment, 
patients will be asked about their current 
use of prescription and over-the-counter 
medications, especially medications such 
as muscle relaxants and blood thinners. 
Most medications are safe to use during the 
study, but because the needle EMG test is 
an invasive procedure, the physician may 
evaluate on a case-by-case basis whether 
any medications should be temporarily 
discontinued. Other evaluations might 
be made if the patient has an implanted 
electrical medical device, such as a cardiac 
pacemaker.7 The day of the appointment, 
the patient is also requested to bathe or 
shower before the appointment to remove 
any oils from the skin and forgo applying 
any lotions or creams.

Many EMG laboratories use spe-
cially trained technologists to perform 
nerve conduction studies. Vickie Rod, 
R.NCS.T, a registered NCS technologist 
with SSM Health Dean Medical Group 
in Madison, works with Dr. Raday 
and performs the NCS portion of the 
EMG study. Rod is also a member on 
the board of directors of the American 
Association of  Electrodiagnostic 
Technologists. Describing her role in the 
laboratory, Rod reports that performing 
nerve conduction studies requires both 
technical knowledge and good patient 
communication and relationship skills.

“First of all, we’re very hands-on in 
the lab with our patients,” says Rod. “As 
I am talking to the patient, I will put my 
hand on the extremity I’m testing. I’m 
checking the skin temperature, but I am 
also getting the patient used to me touch-
ing them. I try to be very specific with the 
patient, explaining everything that I am 
going to be doing. I will also explain that 
everybody is different in their tolerance 
of the procedure and how we’re going to 
start off low with the electrical stimula-
tions and work our way up.”

As Rod notes, if the skin temperature 
is too cold, it can affect the reliability of the 
study. If necessary, the physician or technolo-
gist may take steps to warm the patient just 
before the procedure, such as soaking the 
patient’s hands in warm water or wrapping 
the patient in a blanket.10

In her experience, Rod says she has 
found having a conversation with the 
patient can sometimes reveal additional 
information about the individual’s symp-
toms. “I’ll go over their symptoms with 
them before we start but also while we’re 
doing the procedure,” she says. “Some 
patients are not the best historians, but 
in speaking with them we might discover 
some new information. For instance, if we 
are looking for carpal tunnel syndrome, as 
I’m doing the procedure I might notice an 
ulnar neuropathy, so I’ll ask the patient if 
they lean on that elbow a lot. Or I’ll ask 
about their lifestyle or activities, what they 
do for a living—just any questions that 
might help with our evaluation.”

Because some individuals are nervous 
about the procedure, Rod says the physician 
or technologist needs to be mindful in their 
interactions with patients—not only for 
the patient’s comfort but for the potential 
effectiveness of the examination. “Basically, 
we’re stimulating nerves with electricity, then 
taking measurements and calculations to 
figure out how well the nerves are conduct-
ing, the speed of the nerve fibers getting to 
a muscle or sensory nerve,” she remarks. 
“We’re also looking at how many of the 
fibers are reaching a muscle or a sensory 
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Need for speed
“In the nerve conduction study, 
which usually lasts anywhere from 
a half hour to an hour and a half, I’ll 
stimulate the nerve at the wrist and 
elbow while recording from the APB—
thumb—muscle that is affected by CTS 
[carpal tunnel syndrome]. By stimulat-
ing the distal and the proximal nerve, 
I can make a calculation that tells us 
the speed of that nerve.

“So, a sick or pinched nerve 
will slow down, basically. We’ll see 
the distal latency is much more pro-
longed than it should be, with slower 
nerve conduction velocity. We also 
might notice that the size of the 
responses we’re looking at are small-
er, too. This means that not enough 
of the nerve fibers are getting to the 
muscle or the sensory nerve. [As 
part of the study,] we’ll also check a 
normal nerve that doesn’t have symp-
toms to make sure it’s not just the 
median nerve that’s involved. This is 
because some people might also have 
other issues occurring.”

—Vickie Rod, R.NCS.T, SSM Health 
Dean Medical Group EMG and NCS  

laboratory, Madison, Wisconsin



nerve. It’s not always a 
comfortable experience 
for the patient.”

As an experienced 
technologist, Rod says 
she sees a wide tolerance 
range among patients for 
the electrical stimulation 
the NCS involves. “I can 
have one patient come in 
for the study, and they bare-
ly flinch,” she observes. “They 
might report the test was just 
a little uncomfortable. But then 
the next patient is jumping off the 
table, even though I barely have the 
machine on. We never really know 
what to expect until we start. Some 
people hate the electricity [or] hate the 
needle, and others do not. If they cannot 
tolerate the test at all, sometimes we’ll have 
to end [without] a complete study. In that 
case, we try to just get as much informa-
tion as we can. Usually, however, we can 
talk the individual through it. But you do 
have to offer a lot of encouragement with 
some patients.”

Rod adds that she works closely with 
the neurologist who orders the study. “After 
the nerve conduction study, we always 
meet in the office to go over how the study 
went. For instance, I might report that we 
didn’t get a very good response because 
the patient has edema or for other reasons 
wasn’t tolerating the test very well. We’ll 
discuss then whether we need more testing 
or anything else done before the EMG test. 
There are times when the neurologist will 
want more information.”

Support staff also have a valuable role 
to play in ensuring the patient’s comfort and 
satisfaction with the EMG laboratory expe-
rience. Olivia De Leon, CMA (AAMA), at 
Neuroscience Group, in Neenah, Wisconsin, 
reports that many individuals are nervous 
about EMG laboratory procedures.

As one of the first staff members patients 
meet at their appointments, De Leon tries to 
be a reassuring presence, especially if she sens-
es a patient is apprehensive about the EMG/

NCS 
proce-
dures. “The 
question I hear 
most often is, Is it 
going to hurt?” says De Leon. 
“That’s No. 1. The other question is, 
What exactly is the doctor looking for? What 
is this test going to actually do? I think it’s 
important for staff to let the patient know 
you are sensitive to their concerns,” she says. 
“We’ll talk about what the procedure actu-
ally involves, and how it’s going to help the 
doctor with the diagnosis. My best advice is 
to answer any questions point-blank, as best 
as you can.”

While patients may be concerned that 
EMG and NCS procedures are uncomfort-
able, it also can be the case that patients are 
apprehensive about having an unfamiliar 
procedure, notes De Leon. “Sometimes it’s just 
fear of the unknown. They don’t know what 
to expect with the tests. So, it’s not necessarily 
always a pain concern. But [with] a patient 
who is extremely nervous, I will always let 
the NCS tech know this ahead of time. I also 
will remind the patient that if they are in any 
discomfort, they should communicate this to 
the neurologist or the technician.”

Relief within reach
Patients may relieve symptoms of car-
pal tunnel syndrome without surgery 
by doing the following12:

• Change patterns of hand use (reduc-
es pressure on the nerve)

• Keep the wrist splinted in a 
straight position (reduces pres-
sure on the nerve)

• Wear wrist splints at night (relieves 
symptoms that may inhibit sleep)

• Receive steroid injections into the 
carpal tunnel (reduces swelling 
around the nerve)

Surgery may be necessary to make 
more room for the nerve when symp-
toms are severe or do not improve. 
Cutting the ligament that forms the 
top of the tunnel on the palm side of 
the hand will decrease pressure on 
the nerve. However, symptoms may 
not completely go away after surgery, 
especially in severe cases.12
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Shock waves
For physicians working in neurology and 

physical medicine and rehabilitation, the 

EMG laboratory can be an invaluable diag-

nostic resource. The EMG study offers 

neurologists, physiatrists, and referring phy-

sicians the ability to combine leading-edge 

diagnostic technology with their expert 

skills in clinical assessment. As such, the 

EMG study can help confirm a suspected 

diagnosis, clarify or otherwise differentiate 

coexisting issues or diagnoses, and provide 

detailed diagnostic data to assist in deter-

mining the course of treatment, including 

surgical options.

The result can be not only enhanced 

diagnostic results for many neuromuscular 

and related conditions, but also appropri-

ate, high-quality care that leads to better 

outcomes for patients. ✦
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