N VI pLATE 8

an Nerve

median nerve (C[5], C6, C7, C8; T1) is
by the union of medial and Jateral roots aris-
n the corresponding cords of the brachial

se in Arm. The median nerve runs from
la into the arm, at first lying lateral to the
-artery. At about the level of the insertion
oracobrachialis muscle, the nerve inclines
ly over the brachial artery, and then
Is along its medial side to the cubital
lere, it lies behind the bicipital aponeuro-
‘ntermediate (median) cubital vein, and in
the insertion of the brachialis muscle and
w joint. (The close proximity of the vein,
nd nerve should be remembered when
ing venipuncture in this area.) The only
s given off by the median nerve in the arm
aents to the brachial vessels and an incon-
ig to the pronator teres muscle.
se in Upper Forearm. The nerve passes
forearm between the humeral and ulnar
'cheﬁR{onator teres, the latter separating it
e ” ™ artery. It then runs deep to the
otic .ch between the humeroulpar and
2ads of the flexor digitorum superficialis,
‘inues downward between this muscle and
i digitorum profundus; it usually adheres
e s foee 7 e superficial flexor, In the
lies branches to the prona-
M srum superficialis, flexor
aris longus muscles, and
lbow and proximal radio-
ints. The longest branch is the anterior
ous nerve, which, accompanied by the
>nding artery, runs downward on the
:ous membrane between the flexor pollicis
ind the flexor digitorum profundus; it
the former muscle and the lateral part of
s (which: provides the tendons for the
. middle ‘finggrs), and ends under the
- quadzatus,, supplying this muscle and
al radioulhar, radiocarpal and carpal
Ascular filaments, help to innervate the
«l anceriof ‘interosseous vessels and the
vessels of the radius and ulna. A palmar
branch atises about 3 to 4. cm above the
dnaculum, and desgends over it to supply
of the median part of the palm and the
ninence. In.che forearm, the median and
Tves are oceasiogally - interconnected by
" Sers passing. through these com-

3

on{>, may, explain Ccertain, anorualies in .

 supplies.of the hand muscles.

2 Zowgg' f__oredrn:z,"‘ the’.‘_"median nerve
more suparficial between the tendons of
aris Igpgxﬁs and ; hc’ﬂ"e.xog carpi radialis. It

¢ palm together:with,the tendons of the

2X0f, muscies,, through the confined carpat
hat is bounded anteriorly by .the tcugh

inaculum, and postetiorly, by the carpal -

Median Nerve (Cs, C7, C8; T1)

{only muscles innervated
by median nerve
are depicted)

Musculocutaneous n.
Median nerve

Pronator teres m.
(humeral head)

Articular branch

Flexor carpi radialis m.

Palmaris longus m.

Pronator teres m.
(ulnar head)

Flexor digitorum superficialis m.
(turned up)

Flexor digitorum profundus m.
(lateral portion supplied via
anterior interosseous n.; medial
portion by ulnar n.)
Anterior interosseous n.
Flexor pollicis longus m.
Pronator quadratus m.

Palmar branch

Abductor

3 pollicis brevis

G .

@ Opponens pollicis

& Flexor pollicis brevis

’g? ‘(superficial head;

%) deep head

£ .

[ supplied by

ulnar n.) . J
' Anast

st and 2nd branc

- dgmbrisal mm.: ulnar

commo
Proper

Branches to
dgrsum of
mijddle and
distal phalanges

or through the {lexor pollicis brevis to supply its
supetficial head before dividing to supply the
abductor pollicis brevis and opponens pollicis
muscles.., Sometimes, the muscular branch also.
supplies.all ar pagt of the first dorsal interosseus
muscle.. Rarely, - it arises in the carpal tunnel and
pierces the flexor retinacuium—an arrangement of
potential clinical coacern.

The-common and proper palmar digital nerves vary

Medial
Posterior
7 Lateral
cords of
brachial
plexus

Medial cutaneous n.
of arm

Medial cutaneous n.
of forearm

Axillary n.
Radial n.

Ulnar n.

AN

/& cisA

Cutaneous
innervation

omotic
h to
n.

n\ palmar
digital nn.

3 1/2 digits. Occasionally, they supply only
2.1/2 digits. The proper palmar digieal branches

1o the radial side of the"index-finger and o the con-
. tiguows: $ides of the index and middle fingers -

als0 carsy moter, fibers to supply, respectively, the
first and second lumbrical muscles. Therefore,
the digiral nerves are not concerned solely with
cutaneous sensibilicy. They contain an admixrure
of efferent and afferent somatic and a11rammm’~
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"I PLATE 9

Nerve

@+ merve is the main continuation of
cord of the brachial plexus. Its fibers
derived from C8 and T1, but it often
litional fibers from C7.
n Arm. Initially, the ulnar nerve lies
e axillary artery and vein; as it enters
runs on the medial side of the brachial
bout the middle of the arm, it plerces
intermuscular septum and descends
the medial head of the triceps brachii
ngside the superior ulnar collateral
: lower third of the arm, it inclines pos-
each the interval between the medial
condyle and the olecranon. As it enters
1, it lies in the groove behind the
:ondyle, between the humeral and
of the flexor carpi ulnaris. Above the
:rve supplies no constant branches.

v Forearm and Hand. The ulnar
lownward on the medial side of the
ng first on the ulnar collateral liga-
elbow joint and then on the flexor
rofundus, deep to the flexor carpi
lbor~evel, the ulnar nerve and artery
-b, onsiderable gap, but they are
ed in the lower two thirds of the fore-
flexor carpi ulnaris narrows into its
nerve and artery emerge from under
ge and are covered oaly by skin and
reach the hand by passing over the.
ce of the flexor retinaculum, and the
Umost immediately into its supetfi-
terminal branches.

In the forearm and hand, the ulnar
tarticular, muscular, palmar curane-
superficial and deep terminal, and
:hes. Fine articular branches to the
om the rﬁa‘iﬁ;:nqrve as it runs pos-
medial epicéadyle; before splitting
nal branchgs, it supplies filaments

« Yoreatm, the ulnar nerve gives off
e flexor cari ulnaris and the medial
exor digitorum profundus. The
u§branch arises to 7 cm above
‘ends near’the ulnar artery, pierces
2, and supplies the skin over the
rinence; it commuicates with the
eou$ nefvé of the forearm’ and
ineous branch of the median nerve.
» biaach afises s fto '10 ¢m above the
105tr~ely; “deep to the tendon of
1dn «erces the deep fascia, and
Ly algtig: the dorsomedial side of
, it dividés int6 branches that sup-
skin on thé nedial side of the back

[ ﬁnge'rs.l'The_réhavrg usually two or
gital nerdés) one supplying the
be little fifiger; ‘the other splitting
{ digital nerves to supply adjacent
le and ring finglers’ and the third

Ulnar Nerve (cs; T1)

(only muscles innervated
by ulnar nerve
are depicted)

Cutaneous
innervation

Flexor pollicis brevis m.
(deep head only;
superficial head
and other thenar
muscies supplied )
by median n.) - /

Adductor T
pollicis m. /

side of the palm, and gives off two palmar digital
nerves. One is the proper palmar digital nerve for the
medial side of the little finger, and the other (a
common palmar digital nerve) communicates with
the adjoining common palmar digital branch of
the median nerve before dividing into the two
proper palmar digital nerves for the adjacent sides of
the little and ring fingers. In a minority of indi-

viduals, the ulnar nerve supplies 2 1/2 rather than
1 1/2 dicire im whicrh frne sl amaee = . 10 11

Ulnar nerve

Articular
branch
(behind
medial
condyle)

Flexor digitorum
profundus m.
{medial portion
only; lateral
portion supplied
by anterior
interosseous
branch of
median n.)

Flexor carpi ulnaris m.
(drawn aside)

Dorsal branch

Palmar branch
4 P

Superficial branch
Deep branch

Palmaris brevis

Abductor digiti minimi Hypothenar
Flexor digiti minimi brevis [ muscles
Opponens digiti minimi -

Common palmar digital n.
Anastomotic branch to median n.
Palmar and dorsal interossei mm.
3rd and 4th lumbrical mm. (turned down)

Proper palmar digital nn.
(dorsal digital nerves are from dorsal branch)

Branches to dorsum of middle
and distal phalanges

finger, perforates and supplies the opponens digiti
minimi, and then accompanies the deep palmar
arterial arch behind the flexor digital tendons. In
the palm, it gives branches to the third and fourth
lumbricals and to the interossei, and usually
ends by supplying the adductor pollicis and the
flexor pollicis brevis.

Variations in the nerve supplies of the palmar
muscles are as common as those in the cutaneous

(no branches
above elbow)



SECTION VI PLATE 6

Radial Nerve in Forearm

2FES

The radial nerve divides anterior to the lateral
humeral epicondyle into superficial and deep
terminal branches (Plate 5).

The superficial terminal branch descends
aJong the anterolateral side of the forearm, deep to
the brachioradialis and lying successively on the
supinator, pronator teres, flexor digitorum super-
ficialis and flexor digitorum longus muscles. In
the upper third of the forearm, the superficial
terminal branch and the radial artery converge; in
the middle third, they are close together, with the
nerve lymg laterally; and in the lower third, they
dwerge as the nerve inclines posterolaterally, deep
to the tendon of the brachioradialis. The nerve
now pierces the deep fascia and commonly subdi-

vides into two branches, which usually split into

four or five dorsal digital nerves. The cutaneous area
of supply is shown in the lower part of the illus-
cration. The dorsal digital nerves also supply fila-
ments to the adjacent vessels, joints and bones.
(Note that the radial dorsal digital nerves extend
only to the levels of the distal interphalangeal
joints, and that the first dorsal digital nerve gives
off a twig that curves around the radial side of the
r‘*“qb to supply the skin over the lateral part of
% aq’:nat eminence.) The cutaneous areas on the
hand' supplied by the radial, median and ulnar
nerves (Plates 8 and 9) show wide individual
riatiéhs, communications exist between their
btanches and considerable marginal overlaps are
found in cheir zones of distribution.
The deep terminal branch winds posteroin-
feriorlj ' around the lateral side of the radius and
may supply additional twigs to the brachioradialis

Dorsal
digital nn.

it

before passing between the humeral and radial
heads of the supinartor, or between this muscle and
the upper end of the radial shaft, to reach the back
of the forearm.

From this point onward, the nerve is generally
called the posterior (dorsal) interosseons nerve,
although this term is sometimes used as a synonym
for the entire deep terminal branch. On emerging
from or beneath the supinator muscle, the nerve

Radial nerve

Superficial branch

Anconeus m.
Brachioradialis m.
Extensor carpi radialis longus m.

Supinator m.

Extensor digitorum m. and
extensor digiti minimi m.

Extensor indicis m.
Extensor pollicis longus m.
Abductor poliicis longus m.

Extensor pollicis brevis m.

Radial Nerve in For
(C5, C6, C7, C8; T4

(viewed from behind :
slightly lateraliy)

Deep terminal branch

Lateral epicondyle -

Extensor carpi radialis brevis m.
Extensor-
Extensor carpi ulnaris m. supinator
? group of
muscles

—

Posterior interosseous n. (deep branch of radial n.)

Superficial branch of radial n.

Upper
lateral
cutaneous
of arm

From
axillary
nerve

Lower
lateral
cutaneous n.
of arm

Posterior
From cutaneous n.

radiat < ©f arm

nerve Posterior

cutaneous n.
of forearm

Superficial
branch of
\_radial n.

Cutaneous innervation from
radial and axillary nerves

the extensor digitorum, extensor digiti 1
and extensor carpi ulnaris muscles. :
branches run distally to supply the extenso
cis longus, extensor indicis, abductor polli
gus and extensor pollicis brevis muscles.
lower border of the extensor pollicis bres
nerve, now much reduced in size, passes «
the extensor pollicis longus, and then d
POSC&[IOI to the interosseous membrane

. e - 1 131



71 PLATE 13
, r.oial and Common
ral Nerves

irve

The roots of the sciatic nerve arise from
{ rami of the fourth lumbar to third
res (Plate 10) and unite to form a sin-
thar is ovoid in cross section and 16 to
de in adults (Plate 13). In the lesser pel-
tve lies anterior to the piriformis, below
nters the buttock through the greater
imen (in about 2% of individuals, the
ces the piriformis). Next, the nerve
terally beneath the gluteus maximus,
'ests on the posterior surface of the
id the nerve to quadratus femoris. On
side, it is accompanied by the posterior
tanecus nerve and the inferior gluteal
its special branch to the nerve. On
1 point about midway between the
erosity and the greater trochanter, the
- downward over the gemelli, the obtu-
ws tendon and the quadratus femoris,
rate it from the hip joint, and leaves
< to enter the thigh beneath the lower
1e gluteus maximus.
iic p~e then descends near the middle
2o . thigh, lying on the adductor
1 being crossed obliquely by the long
biceps femoris. Just above the apex of
I fossa, it is overlapped by the contig-
1s of the biceps femoris and semimem-
uscles. In about 90% of individuals,
nerve divides into its terminal tibiz/
peroneal branches near the apex of the
ossa, while in 10% of individuals
L occurs at higher levels. Rarely, the
>mmon peroneal nerves arise indepen-
the sacral plexus, but pursue closely
ses uatil they reach the apex of the
sa.
. In the butibck, the sciatic nerve
articglar binch to the hip, which
1e posteriot part of the joint capsule.
wpply vascitlar filaments to the inferior
. Lower down, it supplies mauscular
oth heads of the biceps femoris, semi-
us, semiténdinosus and the ischial
ictor magnus muscles. The branch to
ad of the biceps femoris comes from
peroneal part of the nerve, while the
the other muscles are derived from
‘ision.

RS

ne, s the larger, medial, terminal
sciatic netve (Plate 14). Its fibers are
. the ventral divisions of the ventral
»ucth and fifth4umbar nerves and the
and third sacrdl nerves.

hE tibial nefve continues the line of
sive through ‘the popliteal fossa and
At its origin, The nerve is overlapped
rng margins of the semimembrano-

Postericr
femoral
cutaneous
nerve

Inferior
cluneal nn.

Perineal
branches

Tibial
segment of
sciatic nerve

Long head
(divided) of
biceps femoris m.

Adductor
magnus m.
(also supplied
by obturator n.)

Semitendinosus m.

nerve
Semimembra-~
nosus m.
Articular Posterior
" branch femoral
Tibial nerve cutaneous n.

Articular branch

Plantaris m.

Medial sural
cutaneous n.

branch
Gastrocnemius m. Common
peroneal n.
(via lateral
Sural n. sural
4 cutaneous n.)
Soleus m——-—“'é - .
From J Superficial
bial sciatic . peroneal n.
Sural n,
Medial Lateral calcaneal _

Tibial n.
caloaneal branches (via medial
ranches calcaneal

branches
) Lateral dorsal ~ )
Medial cutaneous n.
and latéral
plantar nn.

heads of the gastrocnemius and plantaris muscles.
Passing over the popliteus and under the tendi-
nous arch of the soleus on the medial side of the
posterior tibial vessels, the tibial nerve next enters
the space between the gastrocnemius and the
soleus behind, and the upper part of the tibialis
posterior, in front. Continuing downward, it
crosses over the posterior tibial vessels to reach
their lateral sides 5o as to lie between the contigu-

Common peroneal

Lateral sural
cutaneous n.

Peroneal
communicating

Scialic Nerve (L4, L5; 1, S2, 83) and
Posterior Femoral Cutaneous
Nerve (st, s2, 53)

Greater sciatic foramen

Sciatic nerve

Common peroneal segment
of sciatic .nerve

Short head
of biceps
femoris m.

Cutaneous innervation

Long head
(divided)
of biceps
femoris m.

the foot behind the medial malleolus, deep to the
flexor retinaculum and between the tendons of the
flexor hallucis longus and the flexor digitorum
longus. The nerve ends at this level by dividing
into the medial and lateral plantar nerves.

The tibial nerve consists of the following main
branches: muscular, articular, sural, calcaneal and
medial and lateral plantar; it also gives off smaller
osseous (medullary) and vascular twigs.
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Chapter |

INTRODUCTION

OST EMG EXAMINATIONS consist of two necessary but disunct

parts—the nerve conduction studies and the needle examination.
Both the nerve conduction studies and the needle examinaton are
complementary tesung procedures that evaluate different aspects of the
peripheral neuromuscular svstem. Because the nerve conduction studies
and the nesdle examinarion evaluate the peripheral neuromuscular svstem
in different ways, itis unreasonable to think thatone part may be performed
in lieu of the other. Currently in the literature there can be found a wealth of
knowledg= concerning the performance and Interpretaton of the needle
examinadion, but in spite of the imporance of nerve conduction studies,
there 1s littie detailed information in the literature regarding its technique
or interpretation.

Nerve conduction studies should be performed with the tollowing
questions in mind. First, is the problem a generalized process, orisita local
problem? That is, does the pathology affect all of the peripheral nerves, or
does it affect a single nerve or localized area of the nervous system? Second,
is iz possible to determine the pathologic process involved, such as axonal
loss (the death of a nerve fiber) or segmental demyelination (anabnormality
of the myelin sheath surrounding the nerve)?

In order to answer these quesdons, itis first necessary to determine if each
study is normal or abnormal. To do this. every laboratory must have a
reliable set of normal values with which to compare these results. The most
frequently used normal values are based on results obmined from a
“normal” populaton consisting of a large number of healthy people in
various age groups. LThese values are then compiled to give the upperand
lower limits and/or the mean and standard deviation for each study. A
reliable set of normal values should be compiled using the same techniques
that are used when performing these studies on padents. Anocher way to
determine the normality of a result is to compare one side with the
corresponding study on the contralateral uninvolved limb. Care must be
taken when judging these results to be sure the comparison is justified. For
instance, the amplitudes of some responses may have a greater side-to-side



Nerve Conduction Studies
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variauon han others. This is especially wue when the recording sites are
not easilv accessible or do not have definite landmarks. It is difficuit and
someumes erroneous to judge normal values based on a side-to-side
compariscn without having previously tried the same commparison on a
nermal populaton. :

Three parameters are determined for most motor nerve conduction
studies: (1) the amplitude and configuradon, (2) the diswal latency, and (3)
the conducon velocity. Generally, for sensory conducton studies. only the
amplitudes and peak latencies are reported. although conducrion velocities
may also be determined. Even though an individual parameter mav give a
clue to the underlying problem or indicate what addidonal studies need to

be done, it is only by studving multple nerves that valid conclusions are ‘
drawn. These conclusions can give considerable evidence as to the

pathology and, therefore, the prognosis of the peripheral nerve problem.

Since normal values for nerve conduction studies are based on suingent
standards and procedures, utilizing these normals and maintaining their
accuracy depends on procedures thatare rigorously followed for each study.
Machine setrings, methods of measurement, placement of elecirodes,
sumulation sites, recording sites, and types of electrodes are 21 factors that
can change the results. There are different published methods and
procedures than those found in this manual. Each method must be judged
on the tvpe of equipment and patient population found in the individual
laboratory. The only absolute rule that must be followed when performing
nerve conduction studies is consiszancy of procedures and methods based on
the same procedures and methods used to obtain normal values from a
normal population. If other methods are found to be better adaptive to the
equipment and padent population in a specific laboratory, then these
procedures should be used. If they are different than the procedures
described in this manual (or elsewhere), then the normal values must be
modified by collecting new normal values using those different procedures.

All EMG equipment should have certain basic features: a differendal
amplifier, a stimulator, and displaying apparatus (oscilloscope and hard
copy recorder). The procedures and, therefore, the normal values described
here are based on the use of a TECA TE-{® EMG machine. .

A differendal amplifier amplifies the difference betwesn the electrical
acuvity picked up by the two recording electrodes. The amplifier should
have the capacity to change:the magnification of the response (gain)and to
record cermain frequencies while blocking others out (filters). Because the
same filter settings may vary slighty between different machine models,
each laboratory should collect some normal values and compare them to
those in this manual or to other published normal values. If an amplifieris
used that has filters set in the machine, they should also be checked against
the filter settings used in this manual; if they are different. the normal
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values (escecially for amplituce: must be modified o compensate for this
difference. To minimize measurement variadon. the gain and the sweep
speed should. on each study, remain consant at all sumulaton sites. Not
only will this allow better comparisons becween the different stimularion
sites of each study, it will also decrease the amount of measurement
vanation.

The sumulator used for nerve conduction studies should consist of a
sumulating component with an arached surface stimulator. The stimu-
lating component must uigger the amplifier's sweep as well as stimulate
the patient. There should be some mechanism o deliver the sdmulation
manually (not at specific intervals) and automatically at predetermined
intervals. The ability to change the intensity of the stimulus is essential.
This function may be either part of the component or part of the surface
sumulator. The surface sumulator is a hand-held apparatus that is easily
maneuvered (o different simulation sites along the nerve. The sumulating
prongs or electrodes should be a specific distance apart (usually 2 to 3 cm).

A display screen, or oscilloscope, is used to display the response derived
from the amplifier. With this. there must be some method of measuring
ume (milliseconds) and amplitude {microvolts and millivolts). The ability
to store each response on the oscilloscope is very helpful and sometimes
imperative when the normal values are based on the comparison of
response configuration and/or the superimposition of a series of respornses.
A hard copy feature should also be present on all EMG equipment. This
feature not only provides a permanent record burt it also preduces more
accurate results because the time, size, and configuration of each response
can be measured directly from this record.

Other components such as signal averagers, counters, and delay lines
might serve specific needs in individual laboratories but are not necessary
for procedures in this manual.



Chapter 2

TECHNIQUES

T IS IMPORTANT THAT every EMG laboratory have certain standard

FoN 4

roce<ures. In this chapter, definitions of terms and general pro- .
jo g ,

cedures used for this manual will be explained in detail (specific procedures
will be cescribed in Chapter 3). The machine that all studies will be
performe< on is a Teca model TE4 with NSO stimulator, using two AA6
MKII ampiifiers, and a storage scope. Even though this manual is based on
specific ecuipment, with slight modificatons, most procedures and
techniques can be altered to fit other equipment.

DEFINITICNS (1, 50)

Basic terms used on nerve conducton studies must be defined. so the
procedures can be adequately described. The following is a glossary of
terms, with illustratons.
amplitude: (Fig. 2-1) The height (voltage) of the response in microvolts or
millivoits, which aporoximate‘y correlates with the number of nerve
or muscle fibers responding to simulation.

anode: The positve terminal of a source of electrical current. Tne prong
on the hand-held sumulator that is usually farthest away from the
recording elecrrode (S2).

antidromic impulse: A nerve impulse that is traveling in a direction
opposite the physiologic direction.

artifact: Unwanted electrical contaminant, can be either physiological or
nonphvsiologic in nature.

baseline: {Fig. 2-2) A chosen reference point of “0" volts (or amplitude)
serving as the base of the response.

calibration signal: (Figs. 2-1 and 2-3) A set of graduatves to indicate
amplirude or ume.

cathode: The negative terminal of a source of electrical current. This
prong of the hand-held sumulator is usually closest to the recording
electrodes and is the prong under which the iniual depolarization of
the nerve takes place (S1).

compound muscle action potential: Nearly synchronous sumnmated action
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8 Nerve Conduction Studies

potentais obuined bv sumulatng a nerve and recording from a
muscle.

compounc nerve action potential: Nearly synchronous summated action
potental obuined by sumulatng and recording from nerve fibers
(mixeZ. motor, or sensory).

compounc sensory action potential: Nearly synchronous summated action
potental obuained by sumulating and/or recording from pure sensory
fibers.

conduction velocity (nerve): A measurement of distance per time (meters
per second), usually calculated between two stimulation sites.

depolarizzzzon: To change the electrical charge across a cell membrane.

distal latency: The latency obuained by sumulating at the distal stimu-
lation site.

GO: The ground electrode.

GI: The recording or active elecirode.

G2: The reference or indifferent electrode.

gain: (Figs. 2-1 and 2-3) An amplitude setting that defines the amount per
d1v151on of che response.

latency: (Fig. 2-4) Time interval from stimulus artifact o the response
(takeox- or peak). The time required by an impulse o travel from the
sumulation site to the recording site.

meters per second: Abbreviated M/sec, measurement of dlstance per ume,
unit measurement for nerve conduction velocity.

microvolss: Abbreviated pv,a unitof amplitude measurement. 1 x 107 volts.

millisecond: Abbreviated msec, 2 unit of time measurement. 1 x 10 seconds.

mullivolt: Abbreviated mv, a unit of amplitude measurement. 1 x 10 volr.
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10 Nerve Conauciion Studies

mixed nerve: A peripheral nerve that contains both sensorv and motor
fibers.

motor response: (Fig. 2-4) A response obuained by stimulating a motor
or mixed nerve and recording from the muscle it innervates.

negative deflection: By convenuon, an upward deflection from the baseline.

orthodromic impulse: A nerve impulse that is traveling in the physiologic
direction.

peak: The point of the response that is most negative or most positive
with reference to the baseline; usually the negative peak is used when
measuring amplitudes.

peak latency: (Fig. 2-4) The time from the simulus artifact to the peak of the

negative response.
positive dejflection: By convendon, a downward deflecrion from the

baseline.

response area: The area under the negative curve of the response.

response duration: (Fig. 2-5) There are two accepted wavs to measure
response duration: ume measured from where the response initally
leaves the baseline to (1) where it again crosses the level of the baseline
or (2) where it returns to the baseline.

sensory response: (Fig. 2-4) A response that is obtained by recording and/or
stimulating a pure sensory nerve. '

stimulus art:fact: (Figs. 2-6 and 2-7) Deflection from the baseline produced
by the onser of the sumulus; shock artifact.

stmulus delay: (Fig. 2-6) Time between the beginning of the sweep and
the sumulus. The number of msec displayed before the onset of the
sumulus, signified by the sumulus (shock) artfact.
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stimulus duration: (Fig. 2-7) The amount of time 3 sumulus is sustained.
usually .05 to .2 msec.

sweep speed: (Fig. 2-8) Number of msec per division. Determines the
amount of dme segments displayed on a screen.

takeoff latency: The time from the stimulus artifacs to the initial deflecrion
(usually negative) of the response from the baseline,

time line: (Figs. 2-2and 2-7) Sandard time scale located below the response.

voltage: Potendal difference between two points. The electrical Intensity
of the sdmulus, or the amplitude measurement of the response.

MEASUREMENTS (10, 21, 31, 45, 48, 66)

The technical aspects of nerve conduction studies include positoning of
the patent, applying electrodes, stimulation of nerves, and obuining a
response. For each study there are three differencypes of measurements that
must be made—amplitude, latency, and discances. The amplirudes and
latencies are measured from either an oscilloscope, storage scope, or hard
copy, and the various distances are measured directly on the patient.
Vartations for individual studies will be discussed lacer (Chapter 3).

Every study requires thar.three electrodes be applied toa patent: GO, GI,
and G2. G1 and G2 are the electrodes used to record the response. Gl, the
recording elecrode, is placed directly over the nerve or over the belly of the
muscle to be studied. Placement of G2, the reference electrode, will vary
depending on the individua] study, but it is generally placed further from
the sumulating electrode than G, GO, the ground electrode, is placed
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between Gl and the sumulation sice. Inall routine studies{, the orcer of these
three elecirodes remains the same, thar is. GO then Gl then G2. with GO
located closest o the stimulation site. Each tdme 2 nerve is stimulated a
current passes between the cathode and the anode of the hand sumulator,
which depolarizes the nerve. The hand stimulator is placed direc:ly over the
nerve and the intensity of the stmulus is increased in small increments
unul a response first appears. The stimulus is then increased slowly unril a
plateau is reached (i.e., amplitude ceases to increase). The stimulus is then
increased sligntly to be sure the response is supramaximal. All measure-
ments are obtained from supramaximal responses. In order to insure that a
response is supramaximal, it is sometimes necessary to increase. the
duration of the simulus. Most rourine nerve conduction studies can be
periormed with a sumulus duraton of 0.1 msec, or 0.2 msec. but
occasionally it is necessary 1o increase the stimulus duration even further, 1o
0.5 msec, or 1.0 msec.

Amplitude measurements are based on the gain settings of the machine.
The TECA TZ< machine, when properly calibrated. indicates a gzin equal
to one division on the oscilloscope or storage scope, or 1 cm on the .
recording” pacer. Most amplitudes are measured from the baseiine to the
peak of the response in either microvolts or millivolrs. Based on the gain per
division, this is accomplished bv measuring the height of the response from
the baseline to the highest point, or peak, of the response (Fig. 2-1).

Latencies are a time measurement. They are determined in two wavs, one
to the takeoff z2nd the other 10 the peak. Takeoff latencies are measured from
the sumulus artfact to the inital deflection of the response from the
baseline, while peak latenciesare measured from the stimulus artifact to the
negatve peak of the response. To determine the latency, a vertical line is
drawn through the response perpendicular to the baseline, and the time
lines between the shock ardfacr and that line are counted (Fig. 2-4).

Distances are determined by measuring as closely as possible the
anatomic course of the nerve along the surface of the limb. Ar each
sumulation site, a mark should be made where the cathode (S1) of the hand-
held sumulator is placed. Distances are then determined by measuring from
the proximal cathode mark to the distal cathode mark, or from the discal
cathode mark w0 the recording elecirode (G1) (Fig. 2-9). When there is more
than one proximal stimulation site, each measurement is taken from the
proximal stimuladon site to the most disal stimulation site of the study. A
comparison berween conducton velocides obtained with different
proximal stimuladon sites can then be made. Measurements can be made
between two proximal stimulation sites butare not recommended because
the percentage of error increases with shorter distances.
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Techmques 15

CALCULATIONS (10, 21, 31, 45, 48. 653

Calculatons are based on the measurements already made. For the sake of
clarity anc completeness, a siandard nerve conduction study work sheet
should be used and all measurements and calculations should follow 2
standard format. To avoid technica] errors, all measurements and cajcula-
tuons shouid be completed before the nex: study is started, and each study
should be logged on the work sheet 15 it is performed. Figure 2-10 is an
example of a standard nerve conduction studv work sheet that coneains a]l
necessary iniormation for complete and retrievable studies. The nerve
sumulated column should provide the name, type, and side of the nerve
being simulizted. For example, if the left ulnar motor nerve is sumulated, it
1s written (L) ulnar (m). The stimulation site column should specify where
the hand-heid stimulator was placed. Forexample, if the nerve is stumulated
at or slightlv above the elbow, then “elbow’" should be logged in this
column. Sgecifying the recording sie is extremely lmportant because one
nerve may have more than one recording site. For example, both the
abductor dizid minimi and the first dorsal interosseous muscles may be
used as recording sites for the ulnar motor, Both of these are separate studies
and should be logged on the work sheet as such. The gain for each study
should be szecified and it must remain constant for each stimulacion site.
Amplitude. latency, and distances are measured, then logged next 1o their
corresponding sudmulation sire. By definiton, the latency obtained by
sumulation at the distal sice is the diswal latency. To calculate the
conducdon velocity, the distal latency should be subwacred from the
proximal latency, and the results divided into the measured distance

ve

between the distal stimulation site and the proximal stimulation sire. (Fig.
2-10). ’

TECHNICAL PITFALLS AND ERRORS (10, 20, 81, 42, 48, 33, 66y

The recognition of technical pidalls and errors and how they are
manifested is necessary to ¢nsure accurate resulrs. The performance of nerve
conduction studies is deceptively simple, bur the importance of standard-
ization cannct be overemnphasized. Normal values are based on specific
technical proczdures: therefore, any alteration of these procedures can cause
a variation in the results. This fact must be fully appreciated because most
of the errors that occur on nerve conduction studies are needlessly caused by
incorrect or 1nconsis@ne technical procedures or anatomic variations.

The following is a list of.some of the more common sources of error.

Machine Settings
The calibration signal should be checked prior to each study, and once a
machine is calibrated, all components must remain constanr. If it is
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necessary 1o change one or more of the components, the calibration signal
must be rechecked. Figure 2-1] Ulustrates the differen: calibradon signals
recetived using different amplifiers with all ocher components remaining
consant. Obviously, amplitudes would be incorrect if measured without
the differences in machine input or calibration being taken into account,
Inconsistent filter Setings are another source of error in amplitude
measurement. The amplitude of 2 motor responseat standard filter Setzings
can be significantly decreased if sensory filter settings are used instead (Fig.
2-12). Even though EMG machines are built 1o accurately reproduce a
response on different sweep speeds and gain settings, thesa responses are

amplitude and latencies). Because of this, different sweep speeds or gain
settings used on the same study can cause different latency measurements,
which could affect the disa] latency and conduction velocity. Whenever
possible, settings should remain consiant throughout each individua]
study.
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Artifact

There are. in most EMG laboratories, many different kinds of artfact
with which one must contend. The amount and type of artifact will vary
depending on (1) the locadon of the laboratory, (2) shielding and
grounding in the machine as well as the EMG room iself, (3) equipmernt
sharing the same electrical circuit as the EMG machine, (4) type of lighting
in the EMG room, (5) the status of the patient, etc. Artifact caused by poor
grounding, inadequate shielding, 60 cycle noise from fluorescent lighting,
and other machines that share the same electrical circuits usually produces
so much baseline noise and movement that their presence is unequivocal
and unlikely to be mistaken for a response (Fig. 2-18). Much of the artifact
found in the EMG laboratory is an annovance but the real hazards are
caused by artifact that can be mistaken for a response or artifact that causes
an alteration of the response causing erroneous interpreation of results.
Most arufact that might be mistaken for a response is found while
performing sensory studies. When the sensory response is very low or

Figure 2-18. Artifact from forescent lighting.
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Technigues 19

absent. a high sumuius can inroduce moter artifact that looks like a
sensory potenual. A sensory potendal and Mmoter arufac: can usually be
distinguished by recording orthodromicaly or by moving the stumulating
elecrodes slightly proximal or distal. If, by moving the sumulator, the
fesponse moves In the proper direcrion and Témalns consistent, ir is
probably a sensory potential. When performing sensory studies, the audio
should be on so that motor arufact, caused by voluntary muscle acrivity, can
be heard. A response that is altered by an artifact should be repeated.
Usually, artface is caused by technical problems in applying electrodes or
from sweat and other substance bridging the elecrrodes. Either of these can
cause a difference in the amplitude of the response. Wiping the recording
area clean with alcohol or acerone and reapplying the electrodes will
usually eliminace this problem (Fig. 2-14).

Electrodes or Electrode Placemen:

Sandard elecirode size, interelectrode distance, and electrode placement
are all necessarv to insure accurate measurements. The size of the electrode
is of partcular impornce when recording from larger more proximal
‘muscles where not only the surface arex of the electrode but also the surface
area of the muscie come into play. Usinga larger electrodeon larger muscle
lends itself 1o berter comparison studies because the belly of the muscle is
physically larger causing placement of smaller electrodes to be mere
variable. Inconsistent interelecirode disiance could also cause variations.
This is especially true with sensory studies when G2, the reference elecrrode
(as well as G1, the acrive elecrode), is recording over the nerve. An Increase
in the interelecrode distance will generally increase the amplitude of the
resportse unless the electrodes are so far apart that G2 is essenually
recording froma “0” point. Amplitude, latency, and configuration changes
can occur if the placement of either the recording electrode or the reference
electrode s not accurare, Generally, if the recording electrode is not over the
belly of the muscle, the takeoff of the response will not be initally negative
and the amplitude will be decreased. If the reference electrode on a motor
study is placed on the muscle instead of the tendon (or some other “o*
point), this will also decrease the amplitude of the response (Fig. 2-15).
Placement of the sumulating electrodes is Important because if the wrong
nerve or muluiple nerves are surmulated at the same tme, a2 volume
conducted response from the WTOng or multiple muscles will be obtained.
Sometimes, stimularion of two nerves is difficult to avoid if the padent is
very thin and the nerves are close together, ora patientis heavy enough that
an increase in the stimulus duration must be used (Fig. 2-16). Changing the
stimulation site slightly and approaching supramaximal simulation with
smaller increments usually eliminates this problem. " -
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Measurements .

Variations in measurements—caused by changing the position of the
limb, using short distances, not using a meral tape measure, or not marking
sumulation sites—can lead to significant errors on the nerve conduction
studies results. Changing the position of the limb can cause conduction

velocity variatons because the latencies will remain constant but the
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distances measured between the two sumulation sites will varv. It is
impormant ‘o remember that, when collectng and using normal values, the
positon of e limb must remain exactly the same. The best way to insurea
uniform measurement is to have the limb in the same position fully
supported v a constant medium such as a bed or some otherapparatus that
will hold the limb in a fixed position with reference to the body. Sometimes
it may be necessary (o alter the positon of the limb because of a patient’s
inability to achieve or mainin the usual position. In this inswance, the
conualateral uninvolved limb should be tested with the limb both in the
altered positon to obain a side-to-side comparison and in the usual
position if a rough comparison to the normal populaton is sought.
Using short distances (less than 10 cm) for conduction velocity deter-

minadon increases the percenta ge of error and should be avoided whenever

‘possible. When more than one conduction velocity is obtained per study

(same recording site), each conduction velocity should be figured using the
proximal stimulation site and the most dista) stimulatonssite of thatstudy.
Also, there should be at least 10 em between any two of the proximal
sumulation sites. Conduction velocities figured in this manner will bhe
more accurate and can then be compared to one another and o a normal
population. Errors in measuremen: can also be avoided if the cathode
placementat each stimuladon site is carefully marked and if measurements
are made with a mesal tape measure. Marking of the simulation site s
lmportant because frequently the stimulator will he moved severa] times
before a supramaximal response 1s obtained and measurements must be
made from the point of stimulaton that correlates with this response. Metal
@pe measures, unlike the cloth variety, will not stretch after contdnuous use
and.are thersfore more conducive o accurate measurements.

amo ! i tude amplitude
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not placed on the muscle Placed on the muscle

Figure 2-15
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sTimulating ulnar nerve recording
Thenar muscle group

Figure 2-16

Other
Not all sources of error stem from inaccurate technical procedures.

Occasionally, the motor point of a muscle is different from the standard
location; consequendy, it is necessary to adjust the placement of the
récording electrode to obtain reproducible latencies and good amplitude
measurements. If the distance between the recording electrode and the
sumulating electrode is within the standard range of normal, the resulcs
obtained may still be compared to those of the normal populadon. In these
instances. a nowadon of the new recording size should be made on the work
sheet to insure accurate comparisons should the patient return fora follow-
up study. Other anatomic variations such as crossovers and accessory
peroneal nerves can cause considerable deviadon from the normal ranges.
Although these are normal. variatons found frequenty in the general
populadon, their recognition and documentation is extremely important
to the nerve conduction study interprewtion. Each of these anatomic
variations will be discussed in detail in Chapter 5.

Another very common vet frequenty neglected source of error is
variaton with temperature (21, 27). The effect of temperature is most
prominent on sensory studies, but it can also affect motor studies. If the

stimulating median and ulnar nerves
recsrding thenar muscle group
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distal temperature is below normal, the sensory amplitudes (obrained from
distal recording sites) will increase and the distal latencies will be
prolonged (Fig. 2-17). Likewise, if the entire limb is cold, the conduction
velocity will be slowed. As a general rule, if the amplitudes are normal or
higher than normaland the diszal latencies are prolonged, or more than one
distal latency on the same limb is prolonged, the limb temperature should
be zken and adjusted so it is within the normal range (intermuscular
temperatures: 35°C to 37°C in the first dorsal interosseous and 28.5°C w0
33°C in the extensor digitorum brevis) (48, 50). In most instances, any of
these sources of error can be avoided or corrected if they are recognized.

-~ SENSORY AMPLITUDE VARIATION W{TH TEMPERATURE
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ulnar (sensory~antidromic), recording-
fifth finger with 2 normal temperature
in the first dorsal interosseous of 35'C
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ulnar (sensory-anfidromfc), recording
fifth finger with a cold temperature in
The first dorsal interosseous of 3Q'c

latency in the cold hand, the amplitude ang
reased.
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