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Dedi cati1 on

The pithiest dedication | ever read was by a coll eague who
inscribed his long delayed thesis on polynyositis, “To ny relief”.
While not out of synmpathy with this sentinent, | dedicate this work
t o:

nmy wfe, Joan, the hub of ny sanity, and ny children, Erik and
Al exandra, who indulged and only mnimlly begrudged ne that
inportant extra margin of tinme to bring this to fruition. Wile |
could claimexclusive rights to the wee matutinal hours, all others
requi red periodic “sharing”, that is, being vulnerable to
distraction: the digressions of “approving” Erik’s draw ngs or
di scussing issues of |life inportant to a seven year old and of
accomodating Al exandra's surreptitious attacks on the keyboard, a
delightfully niggling two year old co-editor. Such are life's true
rewar ds!

and

my nother, a teacher who sacrificed nmuch for ny brothers and
me but can now enjoy life's pleasures.

Paul E. Bar khaus, M D.
M | waukee, W sconsin
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For ewor d

There are scientific nmethods to validate the useful ness and
effectiveness of teaching tools |ike textbooks. There are other
met hods al so. From ny vantage point as the head of an academc
el ectrodi agnostic nedicine |aboratory, | am convinced that
relatively new textbooks which devel op | oose covers or have pages
falling out are denonstrating strong evidence of usefulness to the
residents and faculty. Unexpl ained, recurring disappearance of a
textbook fromthe |aboratory is also a sign, | believe, suggestive
of hi gh useful ness.

Based on any of these “seat of the pants” criteria, the
myoanatomc atlas is a very inportant resource. W all have used
such textbooks when | earning the needle el ectrode exam nation and
we revisit it when the need to evaluate a nuscle not part of our
standard repertoire arises. This new Electronic Myoanatomc Atlas
for dinical Electronyography is a natural evolution fromthe
t ext book medi um we have all relied on. The CD-ROM nmulti-nedi a
format is an excellent nethod to present this type of information.

The two authors are a natural teamto put together a teaching
tool like this. Dr. Barkhaus is an experienced academc
el ectromyographer wth an education that has been accunul ated from
time spent in sone of the best electrodiagnostic |aboratories in
the world. He has extensive experience in quantitative notor unit
potential analysis both at the individual notor unit and the
interference pattern level. Dr. Nandedkar is an electrical
engi neer who has worked extensively in electronyographic signa
analysis and nore lately in electrodiagnostic instrunent operating
system inplenentation. He and his famly of engineers have a
w zard-1 evel command of the current conputer-based presentation
tools. The authors have worked together for over ten years, first
in the sane | aboratory and over the |ast several years
col l aborating while in separate |ocations. That continuing
associ ati on has produced this valuable new | earning tool

| predict that this Electronic Myoanatomc Atlas for dinica
El ectronyography will be judged to be a major success. Based on the
col l oqui al paraneters of usefulness | outlined above, | suggest
any academc or clinical |aboratory chief consider purchasing two
copies of this CO-ROM one for shared use by all the |aboratory
physi cians, and the other to be kept in sone secure place known
only to the chief.

John Kincaid, MD.
| ndi ana University, Indianapolis IN, USA
August 1997
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| ntroduction By EMGCD Series Editor:

In the last two decades we have witnessed a revolution in the
el ectronic and conputing industry. Just a few years ago, the
conputers occupi ed several racks, had nunmerous buttons, knobs, air-
conditioned roons. Ch! And do not forget the nesnorizing lights
fromthe control panel that were so promnant in the novies. Then
the conputers becane personal. W now use them unknow ngly as we
entertain ourselves on the internet, play ganmes, conduct bank
transactions, and yes! even perform EMS studies.

In clinical neurophysiology, the conputers have been used
primarily for data collection, analysis and storage. Wen a few
years ago, CASA Engi neering approached ne to prepare a CD for
el ectromyographers, | could not find any significant use for this
technol ogy other than for sone text or databases.

However, when the PCs becanme nmulti-nedia, | found the
technol ogy very exciting. | offered to edit a series of CDs that
makes use of multi-nedia presentation. It is so much easier to see
a techni que being denonstrated as a video than to read pages of
text or to |ook at sketches and photographs. If a picture is worth
a thousand words, a video is worth mllions. Qur goals were also
shared by Kappes Technical Witers who prepared the scripts for the
vi deos and the text handout.

So here is the first CD of the series. Qur guest editor on
this project is Dr. Paul Barkhaus. After receiving his MD. from
Wayne State University, he worked as a Fellow at the University of
M nnesota and then at the University of Arizona. Later he went to
Uppsal a University to study advanced quantitative techni que under
Prof. Stal berg.

| met Paul when he joined as a Senior Fellow at the EMG
| aboratory at the Duke University. | had the pleasure of
col | aborating with himon many projects on quantitative analysis
and recording characteristics of EMS el ectrodes. Currently he is an
Associ ate Professor of Neurology at the Medical College of
Wsconsin in M| waukee. He also directs the Neuronuscular dinic at
the M| waukee VA Medical Center.

It has been a pleasure working with Paul on this project.
Wt hout the enthusiasm of CASA Engi neering and Kappes Technica
Witers, this project would not be conplete in a tinely fashion. |
hope you find this CD educational and useful. Feel free to send us
your comments and criticism Until our next CD on Instrunentation,
this is Dr. Sanjeev Nandedkar, better known as Sanjeev, w shing you
a happy multi-nedia experience.
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| . I ntroduction

In clinical electronyography (EM35, training in |localizing
muscl es for needle electrode insertion has been primarily
acconplished by referring to anatony atlases and by observing
experienced exam ners. There is no universal standard and
techni ques may vary between | aboratories. This presentation
utilizes video and conputer technology to denonstrate how nuscl es
commonly studied in clinical EMs are optimally | ocalized for needle
el ectrode insertion in adult patients. Mdst of the principles in
| ocalization will also apply to pediatric patients. It is hoped
that this work will animte what has previously been derived from
phot ographs, atlases, and diagrans. The goal of this teaching
approach is to help the basic el ectronyographer perform an
efficient, thorough, mnimlly noxious needle electrode
exam nation. The program does not cover the el ectrophysiologic
basics of EMG or details of peripheral innervation.

The nunber of linb nuscles that can potentially be studied is
extensive, approximately one hundred per side. W have chosen not
to accept the challenge for a nunber of reasons, not the |east of
which is the |arge anmount of conputer nenory required for even the
shortest of the video segnents. Qher reasons are admttedly
subjective in terns of relative clinical inportance, technica
factors, and patient confort, which considerably shortens the list.
Hence, not every el ectrodi agnostic physician will find their
conplete repertoire of nuscles. This presentation focuses on
muscl es that are nost comonly studied in such clinical problens as
radi cul opat hy and focal neuropathy.

The exam nation of paraspinal and bul bar nuscles is also
included. The former nore for the technique of insertion in what
may be considered the nost useful segnental paraspinal nuscle, the
mul tifidus. Qher nuscles such as the splenius capitus and
scal enes are covered not so much for the purpose of
el ectrodi agnostic exam nation, but for their use in therapeutic
i ntranmuscul ar injection of botulinum toxin.

The verisimlitude of the needl e el ectrode exam nation
achieved in this program has nmany advantages, the principle one
bei ng the sequential denonstration of the activation and
| ocalization of the nuscle followed by the insertion of the
el ectrode. A nunber of obstacles, however, have becone apparent
in our preparation. The needle electrode has been substituted by a
| arger color probe, yet small enough to sinulate the needle
el ectrode insertion. Were the point of the probe may be difficult
to see, observe the "dinple" created by the probe against the
surface of the skin at the insertion site. Although the preferred
angle of insertion is perpendicular to the nuscle fibers in nost
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situations, this could not always be shown in deference to
denonstration of the el ectrode position.

Some of the |andmarks are inadvertently obscured by the
examiner's hand in the "still photos” that acconpany the
description and in the text. These are indicated by dashed arrows.
Al'l are basic surface anatony and their demarcation on the photos
is intended primarily to cue the user prior to starting the video
sequence. At tines, distances and | andmarks nmay not appear
accurate due to the visual distortion of the anatom c plane or
angl e of perspective.

The user of this program should be famliar with the
fundanmental s of clinical electronmyography and human anatony. It is
the responsibility of the user to specifically famliarize
t hensel ves with basic human anatony prior to any intranuscul ar
insertion, particularly where there may be risk of penetration of
maj or neural or vascular structures. In order to derive maxi mal
benefit from the presentation, the user is strongly reconmended to
read the acconpanying text prior to viewing the video segnents.

Unl ess stated otherwi se, all descriptions of localization are
derived fromthe basic anatom c position. One may argue that the
inclusion of origins and insertions is archaic and unhel pful. It
is a format, however, that if not universally enjoyed, is at |east
uni versal ly understood. Were possible, anglicized spellings of
nmuscl es are given.

In order to enhance the useful ness and application of this
program the author has gone beyond the customary boundaries of an
atlas for clinical EMa The user will find sonme discussion of
i ntranuscul ar | ocalization using the needle electrode as well as
how the anatomy is applied in clinical problens and pathol ogy.
This will hopefully broaden the appeal of this program and make
absorbing the anatony, a traditionally |ackluster exercise, nore
exciting and neani ngful.

http://www.casaengineering.com 2 Info@casaengineering.com
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|1. General Overview

Useful definitions and concepts

Activation of nuscle: This is the voluntary contraction of a
nmuscl e or nuscle group that results in the novenent of a joint(s).
In this context, nuscle activation in the el ectrodiagnostic

exam nation is simlar to, but not the sane as, activation for the
pur poses of manual nuscle testing in the clinical examnation. |In
the latter, maxinum force is elicited to determne strength. In
EMG the enphasis is on mniml recruitnment via gradated, steady,
vol untary nuscle activation.

In EM5 the observation of progressive activation is referred
to as recruitnent, and the maximal activation achieved is referred
to as the interference pattern. 1In notor unit action potentia
(MJUAP) analysis, it is the observation of the MJAP di scharges at
relatively low |l evels of activation that is critical in measuring
their features (e.g., anplitude, area, duration, phases, etc.).
Hence the enphasis is on facilitating the patient’s ability to
achieve and maintain mninmal to noderate controlled activation of
specific, isolated nuscles.

Because anatom c localization of nmuscles in this programis
frequently based on activation, it is inmportant to understand their

origins, insertions and actions. In the followng text on specific
muscl es, the nost inportant aspects of their origins and insertions
are given along with the reconmmended nethod of activation. It

shoul d be noted that many nuscles have nore than one action or
direction of nmovenent of a joint. The nethod of activation given
in this text is usually for a specific nmuscle's principle action or
that action which can be nost easily utilized with minimal [inb
novemnent .

In this program activation of mnmuscle is al nbst synonynous
with localization since it is by activation that an individua
muscle is ultimately isolated and identified. Cccasionally sone
patients may have difficulty with activating a specific mnuscle,
necessitating the examner to literally provide a hand to help them
offer resistance. Optimally, this is avoided in nost circumnmstances
so the exam ner has one hand free at all tines in order to
mani pul ate the settings on the electronyograph. This is a critica
i ssue when perform ng special studies such as quantitative MJAP
anal ysis and single fiber EMG where sustained, mninmal activation
of the nuscle is necessary. Helpful "tricks" in activation (e.qg.
see Adductor Longus, Deltoid, Frontalis) are given where possible.

As in the clinical exam nation, the needle el ectrode
exam nation nust be nodified if the patient has significant
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weakness. The exam nation shown in these videos is a basic one
where the patient is assunmed to have at |least Grade 3 strength
(Medi cal Research Council). In the |less frequent situation when
greater weakness or conplete paralysis is present, further

nodi fications to the exam nation may be necessary. Here the

el ectromyographer will require even greater skill in navigating the
el ectrode through the subcutaneous tissue and nuscul ature.

It may be argued that |ocalization of nuscles may be nade
solely on surface | andmarks and relative anthroponetric
measur enents, making activation unnecessary in localization. No
matter how carefully localization is nmade or by what strategy, the
use of activation is still the sine qua non in producing the MJAP
and is legitimately part of the localizing process. Were atrophy
or wasting of nuscles may have occurred such as in paralysis,
caution in interpretation nmust be nmade, especially with deeper
nmuscl es where their borders may have changed from reduction in
nmuscl e bul k.

On occasion, especially in larger linb nuscles, the screen nay
be "silent" despite what clinically appears to be adequate
activation on the part of the patient. The trainee's usua
response is to solicit even greater effort fromthe patient, all to
no result except patient fatigue and disconfort. In the author's
experience this phenonmenon is usually due to the patient activating
nmuscl e around, but not within, the insertion site. To the patient,
activation of other nuscles or portions of the sanme nuscle nay
achieve the sanme desired result w thout the additional perceived
di sconfort fromthe needle electrode (e.g., elbow flexion via the
brachi oradialis when the electrode is in the biceps brachii). |If
the needle electrode is placed correctly and the activation
maneuver correct, MJAP discharges should readily appear even at |ow
| evel s of effort.

Anatomi c Planes: In the anatom c position, a coronal plane
vertically transects the body side to side resulting in anterior/
posterior segnents. The horizontal or axial plane transects the
body transversely resulting in rostral/ caudal, "cross-sectional”
segnents. The sagittal plane extends anterior to posterior,
vertically dividing the body into right/ left segnents.

El ectrodes: This program enphasi zes the placenent of intranuscul ar
needl e el ectrodes for direct recording of the nyogenic signal. The
two nost commonly used are the concentric needle electrode and the
nmonopol ar needl e electrode. Oher |ess commonly used el ectrodes
include the single fiber EMG el ectrode used for jitter and fiber
density studies; the macro-EMS el ectrode used for macro- EMG and
fiber density studies; and an intramuscul ar needl e el ectrode that
all ows recording of the nyogenic signal and concomtant ability to
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i nject therapeutic botulinum toxin. The | ocalizations given in
this program are not intended for use in recording notor conduction
studies with surface el ectrodes.

| sonetric Contraction: This is the nost conmon type of contraction
or pattern of activation used in EM5G Tension is generated in a
muscle via activation wthout a change in its length. In turn
there is | ess chance of unintentional needle el ectrode novenent in
t he nuscl e.

Positioning of the Patient:

Lateral Decubitus: The positioning of the patient on his/her side.
For purposes of this program this position inplies that the
patient's trunk and |legs are straight wthout any rotation of

hi s/ her shoul ders or pelvis. The head is supported by a pillow or
simlar device to keep the head and neck from being unduly
|aterally deviated downwards, resulting in undesirable nuscle
activation of the cervical and shoul der nusculature. In nost
instances, the linb or area to be examned in this position is
optimally upward or superior.

Prone: The patient is lying face downwards on the exam nation
table. If it is necessary to have the head and neck in neutra
position, then the upper shoul ders and neck should have a pill ow
pl aced underneath so that the face is not resting unsupported on
the exam nation table. The feet should be positioned so that they
are elevated slightly or are extended off the end of the table to
avoi d unnecessary leg rotation or activation of the |eg nuscles.

Supi ne: The patient is lying face upwards on the exam nation table.

Preparation of the patient: Patient tolerance is often relative to
their awareness of the procedure. The procedure is therefore
explained to the patient on entry into the |aboratory. Patient
confort and confidence in the examiner is a priority.

Appropri ate gowni ng depends on which nuscles are to be
studied. It may be argued that if the study is directed to a
cervical radiculopathy, only partial disrobing of outer garnents
such as a shirt or blouse with gowning is needed. The coinci dental
identification of a polyneuropathy, however, may necessitate study
of a lower linmb. In nost circunstances we find it |less disruptive
if the patient is ready for this contingency rather than stopping
while the patient disrobes further, especially if they require
assistance. This also facilitates the prelimnary clinica
exam nati on

Subj ective inpressions of pain vary greatly between
i ndi vi dual s. G ven that the needle el ectrode exam nation wll be
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considered at least mnimally noxious by nost patients, it is
essential to ascertain that the procedure is fully explained prior
to beginning the test. After conpleting the prelimnary clinica
exam nation and any nerve conductions or other studies, the patient
shoul d again be infornmed about the needl e el ectrode exam nation.

At this tine it is helpful to repeat inquiry about any history of
infection (e.g., HV, hepatitis, etc.)/ risk factors for infection
or anticoagul ant use, especially if their medical record is not
avai | abl e.

The el ectronyographer should review with the patient
approximately 2-3 nuscles to be examned at a tine, including how
to position and activate the nuscle as well as denonstrating

approxi mately where the needle will be placed. Although the
patient may be anxious, it is much easier to "coach" the patient on
activation while relatively relaxed, i.e., prior to needle

insertion. Having patients involved with activating the nuscle and
in their planning tends to distract them sonewhat from the
di sconfort of the procedure.

Patients often ask how many "sticks" or "pokes" they wl]l
receive with the needle. The experienced exam ner knows that it is
al nost al ways inpossible to give an exact nunber prior to the
exam nation, and avoids offering a direct answer other than perhaps
to say "several", or sonething simlar. |If asked again as the
exam nation nears conpletion, the non-specific response of "a few
nore" is at |east encouraging. To offer nunbers gives the patient
the opportunity to start counting and feel mstrust if the quoted
estimate is exceeded.

Preparati on of the exam ner: Preparation for the el ectromnmyographer
i nvol ves the devel opnent of a hypothesis or working diagnosis on
the patient being examned. This is based on the referring
physician's request, the examner's clinical assessnent, and the
nerve conductions and other testing conpleted to this point. The
chal l enging and artful part of the needle el ectrode examnation is
to plan the core study of a few select nuscles to address the
problemwi th the | east amount of position changes. Based on these
results, the exam ner proceeds to study only those additiona
muscles that will help prove or disprove the diagnostic inpression

The efficiency and expedi ence of the needle el ectrode

exam nation is proportionate to exam ner experience. It is
inportant that |ess experienced examners refrain from turning
insertion sites into what the author terns "inertion" sites. In

this situation of the doldruns, the exam ner becones increasingly
uncertain of the signal on the screen, their uncertainty

accelerating in proportion to the length of tinme the el ectrode has
been neandering in the nuscle. Although nost often encountered in
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trai nees, nost every electronyographer periodically experiences
some degree of this phenonenon. Patients are very sensitive to the
length of tinme an exam ner spends in each nuscle. The exam ner nust
al ways be m ndful as to what point they have exceeded the

useful ness of a particular insertion site. |If exam nation of a
specific nuscle is a problem it is best to nove along to the next
nmuscle. The problem may be resolved by substituting or studying
nore nuscles, or by comng back to the sanme nuscle at the end of
the study when nore information from other nuscles is avail able.

Needl e el ectrodes: The choice of concentric versus nonopol ar
needl e electrode is usually based on the examner’s training and
bias. Sone historical reasons are no longer valid since nost

| aboratories use disposable electrodes of either type. Both are
available in variable lengths. |In general, use of a 50 nm

el ectrode of either type is often needed to exam ne the deeper,

| arger nuscles in many adults, particularly the nultifidus at the
cervical and |unbar levels. QOccasional use of a 75 nmis necessary
in obese patients. In the follow ng discussion, the principles
covered apply to both concentric and nonopol ar needl e el ectrodes
except where indicated (e.g., cannula potentials).

Some 25 mm concentric needle el ectrodes, sonetines referred to
as facial concentric needle electrodes, are thinner (0.3 mm
di aneter) and have a snaller active recording surface (0.019 mt)
than other standard concentric electrodes (i.e., 0.46 nm dianeter;
0.07 mmt recording surface). Thus, the physical characteristics
such as the higher resistance and reduced recording surface of this
el ectrode differ from the standard gauge concentric needl e
el ectrode. Actual differences neasured in MJAP features such as
the anplitude, duration, conplexity, etc. between the standard and
smal | er concentric needl e electrodes remain uncertain.

The advantages of the concentric needle electrode are that it
requires only one placenent for both the active and reference (or
cannula) recording electrode surfaces and that there is a large
base of quantitative data on the various MJAP features for numerous
muscles in subjects of various ages. Oher electronyographers fee
that the nonopolar electrode is |ess noxious and better tolerated

by patients. In our experience, patient tolerance is mainly
contingent upon the experience and skill of the el ectromyographer.
Principles of insertion of needle electrodes: In this prograns

vi deo denonstrations, the focus is on the insertion site. Al so
inmportant is maintaining the continuity and ease of patient and
physi ci an nmovenent during the exam nation. This can be facilitated
by keeping the electrode wire to the preanplifier over the

exam ner's hand so that it, or the electrode, do not becone

di sl odged or disconnected. Proper care of the needle el ectrode
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cable (i.e., connecting/disconnecting the needle electrodes via the
hub or preanmplifier via the connector) by firmy holding it only at
these points will avoid premature breakage and possible
introduction of artifact in the signal.

At insertion, it is helpful for the examner to slightly tense
the skin at the insertion site using the thunb and index finger of
the hand that is not holding the needle electrode. This
facilitates quick penetration of the el ectrode through the skin and
subcut aneous tissue. In sonme nuscles, this nmaneuver also serves to
identify and isolate the borders of the nuscle under investigation
It has not always been possible to denonstrate the “skin tensing”
maneuver while denonstrating insertion sites in the videos.

When intrinsic nuscles of the hand or foot are studied, the
exam ner should try to insert the electrode in the less sensitive
dorsal skin, rather than the gl abrous skin of the palmor sole. In
nost instances the insertion of the needle electrode should be in a
direction perpendicular to the orientation of the mnuscle fibers,
i.e., skin. The needle electrode is inserted in a progressively
deep track or “corridor” so as to sanple both superficial and deep
sites within the nuscle.

In nmost nuscles, the el ectrode placenent should be m dway
between the mdbelly or presunmed endplate zone of the nuscle and
its origin or insertion. Although the electrode can be inserted
nore obliquely going in a direction nore parallel to the nuscle
fibers, the risk is that in nost nuscles, particularly the |arger
ones, the sanme notor units will be sanpled as the el ectrode crosses
t hrough fewer nuscle fibers with the sane | ength of penetration
(figure 1). Periodic activation before the needle is advanced
through the corridor may reduce sone patient disconfort.

In addition to a corridor directly perpendicular to the |ong
axis of the nuscle fibers, one can usually sanple two additiona
corridors approximtely 45 degrees to each side of the first
corridor going away fromthe long axis of the nuscle fibers (figure
2). The corridor and angles are estimated fromthe surface of the
nmuscl e, not the skin. The electrode should not be re-directed in a
corridor parallel to the long axis of the nuscle fibers or placed
in a newinsertion site nore proximal or distal to the origina
insertion site. This alnost assures the likelihood of sanpling the
same nmotor units. Additional insertion sites should be nmade
|ateral or nedial to the original site, far enough away so that the
|aterally angled corridors do not overlap. The exception to this
is in the paraspi nal musculature which is discussed in a separate
secti on.
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Figure 1. A The needle electrode is inserted as perpendicul ar as
possible to the direction of the nuscle fibers as shown in this
schematic view. A maxinmal nunmber of nuscle fibers and therefore
MUAPs are sanpled, Iimted only by the length of the el ectrode or
the nuscle’s size. In B, the electrode is inserted at a very
oblique angle, relative to the direction of the sarconeres. Note
that it traverses considerably fewer nuscle fibers for the sane

| ength of electrode penetration. This increases the chance of
sanpling the sane notor unit even though the shape of the MJAP may
change as the electrode enters a different portion of the notor
unit’s territory.
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Figure 2. Schematic showi ng the desired direction of the el ectrode
insertion into the nuscle. ldeally perpendicular, this my be
directed slightly obliquely as needed into, or out of, the plane of
the paper (See figure one). By withdrawi ng the el ectrode just
subcut aneous, two additional corridors may be studied with m ninal
chance of overlap in studying the sanme notor units except for the
very superficial part of the nuscle at the insertion points.
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Even wi th perpendicul ar insertion, the appearance of the MJAP
may change considerably as the electrode "views" it from different
positions within the nmotor unit territory (see Stal berg, 1991). In
either figure 1. A or 1.B the sane MJAP(s) may continue to be
recorded yet |look “different” so long as the recording tip is
Within the notor unit's territory. Assumng no change in the |eve
of activation, the examner may therefore have the fal se inpression
of sanpling a greater nunber of notor units than are actually being
seen, anal ogous to an artist painting the sane subject but from
di fferent perspectives or other variables. For exanple, the fin de
siecle French inpressionist Caude Mnet painted a series of
canvases depicting the sane haystack at different tines of the day,
i.e., variation in lighting. Wile the haystack in sone paintings
appears simlar, in other canvases it does not.

This risk is reduced going nedial or lateral as shown in
figure 2, however, the only certain way is to exceed the boundaries
of the nmotor unit territory. How large is a notor unit territory?

This is variable depending on the nuscle's size, i.e., smaller
di stal ones versus |larger proximal ones. |In the biceps brachii it
is estimated to be 10 mmin dianeter. |If additional insertion

sites are needed within the sanme nuscle, it is recommended to nake
these far enough fromthe original site so that the corridors
extending nedial or lateral do not overl ap.

Al t hough usual ly unnecessary in the exam nation of some of the
| arger or superficial mnuscles, snmaller or deeper nuscles should be
identified and isolated using activation to confirm | ocalization
prior to, and imedi ately after, needle insertion. The insertion
sites given for specific nmuscles in this program are reconmended
based on experience and are considered optinmal insertion sites.
Thi s assunmes absence of other mtigating factors such as
superficial veins, scars, vascular anastanoses for dialysis,
superficial infections, etc.

If a nuscle is pal pated and activated, yet the needle
el ectrode records no activity, re-positioning is necessary before
checking insertional and spontaneous activity (see Activation of

Muscl e above). In nost nuscles, confirmation of |ocalization by
way of brief activation is helpful prior to assessing insertiona
and spontaneous activity. The nuscle is then easily “deactivated”

to permt assessnment of insertional and spontaneous activity.

After exam ning insertional and spontaneous activity but
before activating the nuscle to assess the MJAPs, it is helpful to
wi t hdraw the needl e electrode to a point just subcutaneous to the
insertion point. The patient should then activate the nuscle to a
ml|ld or noderate degree and the needle progressively re-inserted
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t hrough the same corridor(s). Activation can be nodul ated so that
the MUAPs can be optimally visualized on the display screen. |If
some nuscles, e.g., flexor carpi radialis or anterior tibial, are
activated while the needle electrode is deeply inserted, the needle
may "bow' or bend, neking manipulation difficult. More
inportantly, the patient may experience pain.

| f mnor bleeding should occur after w thdrawal of the
el ectrode, conpression with a gauze is quickly applied. Sonetines
m nor bleeding is delayed a few nonents. It is an inportant point
of patient etiquette and concern that bleeding be mnimzed. After
each site is conpleted, the examner may wi sh to routinely apply
conpression for a few nonents. This need not slow the exam nati on:
while the exam ner is applying gentle conpression with one hand,
the next site can be studied or prepared for study. Although
el ectrodes are typically quite sharp, they quickly dull wth
repeated insertions, particularly when the tip is pushed agai nst
bone. In the latter instance, the patient’s reaction will again
confirmfor the exam ner that pain receptors are indeed present in
t he peri osteum

Principles of intramuscular |ocalization: Examiners nmay vary in
where they position the electrode within the sane nuscle. This can
have potentially inportant effects on the myogenic signal. The
normal MJAP varies in shape depending on where along the

| ongi tudinal axis of the sarconeres it is recorded (Stalberg et al,
1986; Bar khaus and Nandedkar, 1996; Barkhaus and Nandedkar, 1997).
By recogni zing sone of these variations, it is possible to infer
one's relative position within the nuscle with respect to endplate
regi on, tendon, etc. Such know edge allows the exam ner to
optimally position the electrode and to be cautious about

m sinterpretation of otherw se normal MJAPs.

Endpl ate Region Mttor Unit Action Potentials: This is a biphasic
potential with an initial negative or upgoing phase. They may
still be recorded when close to the endplate region but in the
absence of endplate noise. Al though acceptable for analysis, these
MUAPs may be slightly shorter in duration than triphasic MJAPs
recorded nore distal to the endplate zone. Therefore, these do not
necessarily indicate a nmyopathic process. |If the electrode is too
close to, or within the endplate zone, the patient may indicate the
site as discretely unconfortable.

Cannula Motor Unit Action Potentials: These are only recorded with
concentric needl e el ectrodes as nonopol ar el ectrodes have no
cannula. These appear as |arge positive-going waves with

occasi onal negative-going spikes within the main positive wave. The
negati ve spikes do not protrude above the baseline. These MJAP
recordings derive fromthe cannula of the concentric el ectrode,

http://www.casaengineering.com 12 Info@casaengineering.com



Electronic Myoanatomic Atlas for Clinical Electromyography

hence their appellation. Cannula potentials are recorded when the
recording tip of the electrode is outside of the nmotor unit
territory or in smaller nuscles, outside of the actual mnuscle. They
may be |arge and sound enl arged or "neurogenic" on the audio
nmonitor. Ignore them One mght say that with Cannula MJAPs, the
examner is “mssing the point”, i. e., the recording electrode tip
is outside that nmotor unit’s territory. Reposition the electrode
or activate the nmuscle so as to record MJAPs generated near the

el ectrode's recording surface.
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Figure 3. Typical cannula potential recorded with a concentric
needl e electrode. Identify and ignore those seen and if necessary,
advance or withdraw the electrode to a new recording position so
they are elimnated. Acceptable MJAP s discharging concurrently

wi th cannula potentials may be counted in analysis as in the epoch
shown. Note how easily the cannula potential is to identify by the
arrow on the left while the arrow to the right coincides with a
normal triphasic wave. The resulting phase interaction produces a
spurious MJAP that appears increased in duration and “conpl ex”.
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Tendon Mdtor Unit Action Potentials: This waveform derives from
the MUAP recorded near the tendon. GCccasionally a small "Gydi kov
potential" (Stalberg et al, 1986; Barkhaus and Nandedkar, 1996) may
be seen, particularly with nonopol ar electrodes. This MJAP appears
unremarkable in the initial positive-going phase and the negative-
going main spike is of normal anplitude and duration. The
positive-going after-wave is deep with a slow return to the
baseline. This MJAP has been referred to as a "pelican potential"”
(Bar khaus, 1997) because the profile of the positive after-wave
resenbles a pelican's beak in profile. The large "pouch” portion
is close to the main spike of the MJAP, followed by the tapered
point where it gradually returns to the baseline.

These are nore likely to be seen in smaller nuscles and the
mul tifidus where the electrode is nore likely to be in the
t endi nous regi on because of their relatively shorter sarconeres.
Duration neasurenent where the after-wave returns to baseline
shoul d be adjusted to where the sharp negative-going part of the
slope tapers to a slower rate of return. These should not be
construed as representing |long duration "neurogenic" potentials.
The tip-off is that the main spike is narrow or normal in duration
relative to the longer duration positive after-wave. Genuinely
enlarged MJUAPs in reinnervation al nost always have proportiona
increases in the nmain spike and positive after-wave.
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Figure 4. MJAPs recorded fromdifferent positions in a schematic

A

B

nmuscl e between the endplate region and the tendon.

Endpl ate Regi on MJUAPs: note the sharp initial negative-going
phase.

"Typical" triphasic MJAPs: the recording tip of the electrode is
within the territory of two different notor units when
recorded in the sane epoch of signal, but not within the notor
unit territory of MUAP "C' (see following). |If the electrode
tip noves slightly so that the MJAPs shown for B are recorded
successively in two different epochs and not concurrently in
t he sane epoch, they could possibly represent the sanme notor
unit recorded fromdifferent positions in the notor unit's
territory.

Cannul a potential (see also figure 3): this signal is recorded
exclusively by the cannula as the recording tip of the
el ectrode is deeper into the nuscle at point “B’, outside of
this notor unit’s territory.

Tendon MJAPs: note the prolonged positive after-wave. The
cursors show where the duration markers m ght be set
suggesting a relatively long duration or neurogenic appearing
MJUAP: the arrows indicate actual duration endpoint, i.e., at
the termnus of the steepest rate of return to baseline.
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Sanmpling size of MJAPs in nuscle: A nmuscle may be considered a
group of notor units. In turn, the notor unit is the basic
functional unit of a nuscle. The estimted nunber of notor units
in each nuscle varies depending on its size and function. These
motor units in turn generate the MJAPs that are recorded by the
needle electrode. In clinical EM5 the examner is typically
recording a relatively small portion of a nuscle's total nunber of
nmotor units. This depends on the anount of nuscle actually explored
by the recording electrode and recogni zing that the MJAPs sanpl ed
represent the smaller, lower threshold notor units recruited at | ow
| evel s of voluntary activation.

In quantitative analysis, a sanple size of 20 MJAPs
representing 20 different notor units is considered standard.
Sanpl e sizes of fewer MJUAPs may distort the assessnent of a nuscle
when nean values are used. Recently the concept of “outliers” has
been utilized in quantitative analysis (see Stalberg, 1994). In
this approach, identifying a m ninmum few abnormal MJAPs nay be
sufficient to establish abnormality in lieu of the traditional nean
val ue of 20.

A sim |l ar approach can be applied to routine subjective EMG
As a muscle is examned, the identification of 3-5 unequivocally
abnormal MJAPs shoul d be sufficient to determ ne the presence of
pat hol ogy, allowing the examner to nove on to the next nuscle.
The exam ner should ensure, however, that the abnormal MJAPs
recorded represent different notor units. Two to three clearly
different MJAPs may usually be recorded at one site alone. |If the
needl e electrode has fully explored the corridors as described
above, there should be mniml overlap between notor unit
territories. If no abnormality is encountered after beginning
study on a nuscle using routine subjective EM5 then sanpling and
measuring about 20 different MJAPs should suffice to consider the
muscle as being within normal limts.

Segnental innervation of nuscle: The notor unit is ultimtely
represented in its respective spinal segnent by a single anterior
horn cell in the anterior gray matter of the spinal cord. The

rel ative representation of a nyotone or root in each mnmuscle is
critical to deducing segnmental |ocalization. A nmuscle’s tota
nunber of notor units may be innervated by 2 to 4 nerve roots in
various proportions. For exanple, nost authors consider the biceps
brachii to be supplied by the fifth and sixth cervical roots, wth
nei ther root being consistently predom nant.

The concept of segnental pointer nuscles of the |inbs has been
advocated by sonme (see Schliak). Specific mnmuscles, by virtue of
their spinal segment or nyotone innervation, are considered to
precisely localize focal |esions of the spinal roots.
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Unfortunately, this concept has limted practical use as discussed
above. Each linb nuscle is typically supplied by nore than one
myot one or spinal segnent, one of which nay be predom nant. Use of
conparative charts to determ ne segnental innervation (see Kendal
et al, pp. 406-409) is helpful, but should be viewed with care as
t hese may have been derived by different nethods.

Anatomic variability may occur in the root supply to nuscles
between individuals (see Phillips & Park). There are also
i ndi vidual s who have a pre- or post-fixed plexus and, nore
peri pheral ly, anomal ous innervations (see Gutmann) in sonme dista

muscles. In one series, asymetry in |lower extremty segnenta
innervation (i.e., side-to-side) has been reported in al nost 30% of
individuals (see Phillips & Park). Therefore the diagnosis of a

nononeur opat hy, radi cul opathy, etc. cannot be confirnmed on the
basis of pathology in a single nmuscle or in the study of a
subopti mal nunber of nuscles.

Principles and strategies in using the needle electrode to localize
pat hol ogy: Pat hol ogi ¢ processes should not be presuned to affect
each notor unit in a honbgeneous manner. The detection of

pat hol ogy in a given nmuscle will depend on adequate sanpling of
MJAPs within the affected nuscle, the severity of the pathol ogic
process, and the tine in the evolution of the pathol ogic process
that the nuscle is studied. Any of these factors can have a
significant influence in how the assessnent of a nuscle may
contribute to the localization of a pathologic process.

I n radicul opathy, this has inportant inplications. For
exanpl e, a nuscle having 80% representation of nyotome A and 20%
representation of nmyotonme B in a radiculopathy of mld to noderate
severity affecting only nmyotone B will likely have m nimal findings
on the needle el ectrode exam nation of this nuscle. A comon
exanple is the frequent finding of mld reinnervation changes
(e.g., mld increase in MJAP anplitude or conplexity) in the
gluteus maximus in an otherw se isolated L5 radicul opathy.

Thi s enphasi zes the need for exam ning at |east three nuscles
havi ng conmmon innervation by the same spinal segnment under
investigation. There should be caution in over-interpreting
pat hol ogy in nore nyotomes than nmay be actually involved in a
single level radiculopathy. The finding of mld reinnervation
changes in the gluteus maxi nus as described in the above exanple

does not necessarily mean that the S1 root is involved. It is nore
likely the manifestation of the pathology occurring in the
relatively mnor contribution fromL5 to the gluteus maxinus. In

such instances this may represent a limtation of the
interpretation of the needle electrode exam nation. Further
confirmation may be required from other investigations, such as
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i magi ng studi es.

| f an exam nation for radiculopathy is “positive” for
pat hol ogi cal changes, additional ipsilateral |inb nmuscles should be
studied. This includes nuscles having predom nant innervation one
segnent caudal to, and one segnent rostral to, the root |evel under
investigation. Possible nultiple root involvenent should be
excl uded as opposed to nmanifestation of a severe single |eve
radi cul opathy, recalling that a single root may have variabl e
anounts of innervation to nultiple nuscles (see above). To exclude
bilateral involvenment, it is reasonable to exam ne at | east one
contralateral nuscle. Optinmally this would be the counterpart of
the nost severely affected ipsilateral mnuscle, exam ning other
contral ateral nuscles as indicated.

Radi cul opathy remains one of the nost common indications for
performng an EM5G In this presentation, the nyotome or segnental
supply of each nuscle is given with the predom nant segnent in
bol df ace (personal observations; also see Warwick & WIIians;
Kendal I, McCreary & Provance, pp. 406-409). The table lists
frequently studied muscles in common radicul opat hi es. Exam nati on
of the paraspinal nuscle at the correspondi ng segnent nmay al so be
used to validate a radiculopathy. There may be, however, a
vari abl e spatial divergence between the actual vertebral |evel and
the segnmental supply to the paraspinal nusculature at a specific
vertebral level. For exanple, the level of the multifidus supplied
by the C7 root is often well caudal to the C7 (i.e., 2-4 cnm
vertebral body (personal observation; see also Warwick & WIIliamns).
In a ml|d nonoradicul opathy, it may be easy to "mi ss" the
par aspi nal segment involved if insufficient, w dely spaced sites
are studied.
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Table. Linb nuscles frequently studied in comon radi cul opathi es

Spi nal Segment |Linb Miscles

C5 Del toi d, Rhonboid, Biceps Brachii
Supr aspi natus, Infraspinatus

C6 Bi ceps Brachii, Brachioradialis, Deltoid,
Supi nator, | nfraspi natus,
Pectoralis (d avicular Portion)

C7 Triceps Brachii, Flexor Carpi Radialis,

Ext ensor Digitorum Communis, Pectoralis
(Sternocostal Portion)

C8 First Dorsal |nterosseous, Abductor Pollicis
Brevis, Extensor Indicis,
Fl exor Pollicis Longus, Flexor Carpi Unaris

L2, 3 Iliacus, Adductor Longus
L4 Vastus Lateralis or Medialis, Anterior Tibia
L5 Qd uteus Medius, Anterior Tibial, Peroneus

Longus, Extensor Hallucis Longus, Extensor
Di gi torum Longus

S1 d ut eus Maxi mus, Sem nenbranosus, Medi a
Gastrocnem us, Sol eus

Nerve conduction studies formthe basis for defining a
nononeur opat hy. The strategy on the needle el ectrode exam nation is
to further confirmlocalization by sanpling, if possible, nuscles
supplied by the specific nerve both proximal to, and distal to, the
suspected | evel of involvenent. For instance, in a nedian
neur opat hy involving only the anterior interosseous branch, the
flexor carpi radialis and pronator teres would be spared as they
are proximal, as well as the distal nedian-innervated thenar
nmuscl es such as the abductor pollicis brevis, since they are
derived froma different fascicular branch. Miscles supplied by
the anterior interosseous branch, such as the flexor pollicis
| ongus, should be affected. |In addition, at least two ipsilatera
nmuscl es having comon segnental innervation but different
peri pheral nerve innervation should be studied (e.g., first dorsa
i nterosseus, extensor indicis, extensor carpi radialis, flexor
carpi ulnaris, etc.).

When fully manifest, diffuse processes such as nyopathy or
not or neuron di sease should be denonstrable in at |east 3 nuscles
in 3 linbs. These nuscles should be supplied by different
peri pheral nerves that are in turn derived from 3 different roots
within each linb. In sone situations, at |east two bul bar nuscles
supplied by two different cranial nerves may be substituted for one
of the Iinbs. Comonly studied cranial-innervated nuscles are
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descri bed bel ow.

Pat hol ogy of Uncertain Significance: Cccasional findings or
"abnormalities" are noted on the needl e el ectrode exam nation that
may appear isolated and difficult to interpret. Exanples include
di ffuse enlarged MJAPs in the intrinsic foot nuscles of mddle age
to older adults, suggesting reinnervation. Simlar patchy, mninal
findings may be seen in the intrinsic hand nuscles of nanua

| aborers. The gluteus maxinmus and deltoid are traditional sites
for intramuscul ar injections where “abnormal” MJAPs nmay be
recorded. Changing sites to the anterior belly of the deltoid or
altering the insertion site in the gluteus maxi nus may be hel pful
in clarifying such findings.

M scel | aneous Comments: The author has occasionally utilized
nmeasurenents in centineters (cm to localize nuscles in the average
adult. Qoviously there may be great variability in body size and
habi tus making strict anthroponetric neasurenents unhel pful in many
cases. Therefore, the origin and insertion of the nuscles are
given, along with anatom c |andmarks, to facilitate |ocalization by
way of activation of the mnuscle.

In keeping with the current standard of practice, the exam ner
must al so be aware of the concept of standard or universa
precautions. The use of gloves in the video highlights the
exam ner’s hands, but al so enphasizes the inportance of infection
control. Although both hands are usually gloved, the exam ner nmay
wi sh to keep one hand free from contact with bl ood or other
potentially infectious sources. This hand would be the one
mani pul ati ng the el ectronyograph so that the instrunent itself does
not becone contaminated. In customary practice, exam ners perform
nerve conductions w thout gloves and the needl e el ectrode
exam nation with gloves, freely touching the el ectromyograph while
perform ng both procedures. To the author’s know edge, the
potential risk of contam nation from the el ectromnmyograph under the
above circunstances has not been addressed.

The exam nation table should be sturdy and constructed, as
much as possible, of electrically nonconductive material. The
aut hor uses a custom zed, extra-wide (38 inch), long (76 inch),
and low (28 inch) table on 4 inch dianeter |ocking wheels to allow
confortabl e maneuverability of nost patients. It is usually
qui cker and nore confortable for the exam ner or table to be
maneuvered than the patient. The |ower height nmakes patient
transfer safer and easier
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|11. The Upper Extremty Miscles
I ntrinsic Miuscles of the Hand

Abductor Digiti Mnim (Hand)

Innervation: Unar Nerve (C7, C8, Tl nyotones).

Oigin: Pisiform bone and tendon of the flexor carpi ulnaris.

Insertion: Via two slips to the proximal phalanx of the fifth
finger and to the ulnar border of the extensor expansion.

Position/ Activation: Abducting the fifth finger with the hand in
pronati on.

El ectrode Insertion: At the mdpoint of the fifth nmetacarpal,
just anterior to the bone which should approxi mate the border of
the gl abrous skin of the palm

Caveat: |If the electrode is inserted nore anterior or palnmar, it
may enter the flexor digiti minim, if too deeply it may penetrate
the opponens digiti mnim.
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Abductor Pollicis Brevis

| nnervation: Median Nerve (C6, C7, C8, T1 nyotones).

Oigin: Flexor retinaculum tubercle of the trapezium bone and
tubercle of the scaphoid bone.

Insertion: Lateral aspect of the base of the proxinmal phal anx of
t he thunb.

Position/ Activation: The patient's thunmb is in mniml abduction
with the distal phalanx slightly flexed. Stabilize the patient's
t henar em nence between the exami ner's thunb and index finger.

El ectrode Insertion: Using a nedial-directed approach just
anterior to the bone at the md-point of the first metacarpa
bone.

Caveat: Avoid inserting and advancing the electrode parallel to
the nuscle fibers (see figure 1B) as this increases the chance of
sanpling the same notor units and also tends to penetrate the

deeper thenar nuscles. |If the electrode is too nedial it may
penetrate the flexor pollicis brevis. |If too deep (posterior) it
will be in the opponens pollicis.

Border,
Glabrous
Skin of Palm -

T I

"""!Me‘t'aca-rpophalangeal

o

Abductor I?ollicis Brevis

-
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First Dorsal | nterosseous (Hand)

I nnervation: Unar Nerve (C8, T1 myotones).

Oigin: Radial aspect of the second netacarpal (nedial head);
proxi mal half of the ulnar border of the first metacarpal (Il ateral
head) .

Insertion: Base of the proximl phalanx of the second finger.

Position/Activation: Hand resting on its nedial aspect,
perpendicular to the table or on its palmar surface. The mnuscle is
activated by abducting the second finger.

El ectrode Insertion: Mdportion of the nuscle, perpendicular to
the nmuscle's long axis. Generally two corridors can be explored
by deviating the electrode slightly toward the pal mar and toward
the dorsal aspect of the hand.

Caveat: |If the nuscle is atrophied or if inserted too deeply, the
el ectrode may enter the adductor pollicis or first lunbrical.
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Distal Arm

Anconeus

I nnervation: Radial nerve (C7, C8)

Oigin: Posterior surface of the |ateral epicondyle of the
humer us

Insertion: Lateral olecranon process and proximl posterior
surface of the ul na.

Position/ Activation: The patient is supine with the forearm
pronated over the trunk and the el bow flexed at 90 degrees. The
patient extends their elbow in pronation against resistance. The
| atter can be provided by the exam ner or by the patient's
contral ateral hand.

El ectrode Insertion: In a |ine between the ol ecranon and the
| ateral epicondyle the mdpoint is identified and the el ectrode
is inserted immediately distal to the line.

Caveat: Functionally the anconeus nmay be considered a distal
extension of the triceps brachii below the elbow. It is supplied
by a separate, long, notor branch from the proximl radial nerve
at the m dhuneral |evel.

Olecranon

Anconeus
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Brachi oradi ali s

I nnervation: Radial Nerve (C5, C6)

Oigin: Proximal two thirds of the lateral supracondylar ridge of
t he hunerus.

I nsertion: Lateral radius at the base of the styloid process.

Position/Activation: The forearmis in sem-pronation with the
pati ent supine. The elbow is flexed in sem -pronation.

El ectrode Insertion: In a line between the md-lateral half of
the el bow crease and the radial styloid process, divide into three
segnents and insert the electrode into the md proximal third
segment .

Caveat : If the electrode is too lateral, it may penetrate the
extensor carpi radialis.
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Ext ensor Carpi Radialis Longus & Brevis

I nnervation: Radial nerve (C5, C6, C7, C8). They are consi dered
t oget her because of their close anatom c proximty and simlarity
of action.

Oigin: Distal one third of the |ateral supracondylar ridge of
the humerus and lateral intramuscul ar septum

I nsertion: Dorsal surface of the base of the second netacarpa
bone.

Posi tion/ Activati on: Forearmis in pronation. The nuscle is best
activated by extending the wist in radial deviation (abduction).

El ectrode Insertion: In a line between the radial styloid
process and the lateral epicondyle, insert the el ectrode
approximately one third the distance fromthe |ateral epicondyle.
The Extensor Carpi Radialis Longus is nore likely to be exam ned
as it is nore superficial.

Caveat : If the electrode is too radial it may penetrate the
brachioradialis, if too far toward the ul nar border, it nmay
penetrate the extensor digitorum comrunis.
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Ext ensor Di gi t orum Comuni s
I nnervation: Radial nerve (C6, C7, C8 nyotomnes).

Origin: Comobn extensor tendon on the |ateral epicondyle of the
hunerus and from the deep antebrachial fascia.

| nsertion: Via four tendons on the dorsal surface of the 2nd to
5th m ddl e and distal phal anges.

Position/Activation: The forearmis in pronation. The third or
fourth digits are then extended at the netacarpophal angeal joints.

El ectrode Insertion: Go to the mdpoint in a |line between the
ulnar styloid and the | ateral epicondyle. Define the border of
the extensor digitorum comunis and wist extensor group (see
Extensor Carpi Radialis Longus & Brevis) by activating each
separately. Insert the needle electrode after confirmng

| ocal i zation by again activating the extensor digitorum conmunis
as above. The segnent supplying the third digit is nost easily
activated in isolation and is commonly used in single fiber

el ectronmyography. It is nore radial to the segnent supplying the
fourth digit.
Caveat: If the electrode is too radial (lateral), it may

penetrate the extensor carpi radialis; if too deep (anterior) it
may penetrate the abductor pollicis |ongus.
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Ext ensor | ndicis
I nnervation: Radial nerve (C6, C7, C8 nmnyotones).
Oigin: Dorsal surface of the distal ulna.

Insertion: Inserts into the extensor expansion of the index
finger.

Position/Activation: The patient extends the second finger with
the hand fully pronated on the exam nation table.

El ectrode Insertion: Perpendicular to the long axis of its nuscle
fibers approximately 2-4 cm proximal to the ulnar styloid, just
radial to the lateral border of the ulna.

Caveat: If the electrode is too proximal it may penetrate the
extensor digitorum conmunis; if too nedial it nmay penetrate the
extensor carpi ulnaris; if too lateral (or radial), it my
penetrate the abductor pollicis |ongus.

-

Extensor Indicis

Styloid
Process
of Ulna
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Fl exor Carpi Radialis
I nnervation: Median nerve (C6, C7, C8 nyotomnes):

Oigin: Conmon flexor tendon on the nedial epicondyle of the
hunerus and deep antebrachial fascia.

Insertion: Inserts on the volar surface of the second netacar pal
bone with a slip to the third netacarpal .

Position/ Activation: The patient flexes the wist in radial
deviation with the forearmin supination on the exam nation table.

El ectrode Insertion: Approximately 5-6 cm from the m dpoint of
the el bow crease into the proximal forearm just medial to center.
The el ectrode should be directed proximally at a slight angle.

The reason for "angling” the electrode slightly is that activation
of this nmuscle in particular readily shifts the el ectrode's
position, bowing it, and producing pain.

Caveat: The Flexor Carpi Radialis is the nost superficial nuscle
encount ered, deeper insertions nay penetrate the flexor digitorum
sublims, lateral insertions nmay penetrate the pronator teres and
nmedi al insertions may penetrate the pal maris | ongus.

Flexor Carpi Radialis
Right Arm
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Fl exor Carpi U naris
I nnervation: Unar nerve (C7, C8, T1 nyotones).

Oigin: Huneral head at the conmon flexor tendon on the nedial
epi condyl e of the hunerus and an ul nar head by an aponeurosis from
the nmedial border of the ol ecranon.

Insertion: Pisiformbone and, by liganents, to the hamate and
fifth metacarpal bones.

Position/Activation: Wth the forearm supinated, the fifth finger
is abducted. Alternatively, the wist can be flexed in ulnar
devi ati on as shown in the video.

El ectrode Insertion: Define the line fromthe ulnar styloid to
the nedial epicondyle. Dyvide into three segnents and insert the
electrode into the md proximal third segnent.

Caveat: |If the electrode is too posterior it may penetrate the
fl exor digitorum profundus.
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Fl exor Digitorum Profundus (Medial Portion)

I nnervation: Unar nerve: Mdial Portion (C7, C8, T1 nyotones).

Origin:  Anteronedial surface of the proximl ulna and adjacent
i nt er osseous nenbrane

Insertion: Volar surfaces of the distal fourth & fifth phal anges.

Posi tion/ Acti vati on: The patient is supine with their forearm
pronated across their trunk and with their elbow off the table;
alternatively they may have their forearm positioned vertically
with their el bow resting on the exam nation table. The patient

fl exes the individual distal phalanges of the fourth or fifth
digits, usually against resistance. This can be acconplished by
bringing the patient’s thunb across his/her palmin opposition,
all ow ng the distal phalanx of digits four or five to be firmy
pressed down on the thunbnail in flexion, as if preparing to flick
t he thunb.

El ectrode Insertion: Define the Iine fromthe nedial epicondyle
to the ulnar styloid process. Divide into three segnents and
insert the electrode into the distal portion of the proximal third
segnent, just anterior to the nedial border of the ulna.

Caveat: |If the electrode is too anterior, it may penetrate the
Fl exor Carpi U naris.

Flexor
Digitorum

Profundus
(Medial)

Styloid
Process
of Ulna

Shaft of Ulna =

A N
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Fl exor Digitorum Profundus (Lateral Portion)
(not shown in video)

| nnervati on: Medi an nerve: Lateral Portion (C7, C8, T1 nyotones).

Oigin: Anteronedial surface of the proximl ulna and adjacent
I nt er osseous nenbr ane

Insertion: Volar surfaces of the distal second & third phal anges.

Position/Activation: The patient is supine with their forearm
pronated across their trunk and with their el bow off the table;
alternatively they may have their forearm positioned vertically
with their elbow resting on the exam nation table. The patient

fl exes the individual distal phalanges of the second or third
digits, usually against resistance. This can be acconplished by
bringing the patient’s thunb across his/her palmin opposition
allowi ng the distal phalanx of digits two or three to be firmy
pressed down on the thunbnail in flexion, as if preparing to flick
the thunb. The exami ner should be able to palpate the selectively
activated portions (i.e., those to specific digits) of this
muscl e.

El ectrode Insertion: Define the Iine fromthe nedial epicondyle
to the ulnar styloid process. Divide into halves and insert the
el ectrode into the mdpoint, just anterior to the nedial border of
t he ul na.

Caveat: The nedial portion to the fourth and fifth fingers is
always proximal to the lateral portion to the lateral head. The
contribution to the third finger is usually the easiest to

pal pate. It is proximal to the contribution to the second finger
If the electrode is too anterior, it nay penetrate the Flexor
Carpi Unaris.

http://www.casaengineering.com 33 Info@casaengineering.com



Electronic Myoanatomic Atlas for Clinical Electromyography

Fl exor Pollicis Longus
I nnervation: Median nerve (C7, C8, T1 nyotones).

Oigin: Variable but typically originates fromthe mddle to
di stal anterior surface of the radius, nedial border of the ulna's
coronoid process, and interosseus nenbrane.

Insertion: Palmar surface of the base of the distal phal anx of
t he thunb.

Posi tion/Activation: The patient and forearm are supine.

Activate by flexing the distal phalanx of the patient's thunb

agai nst the examner's finger. Alternatively, by flexing the
second digit at the netacarpophal angeal joint so that it |lies over
the thenar em nence, a reasonably cooperative patient may flex the
di stal phalanx of their thunb over the dorsum of the mddle

I nt er phal angeal joint of their index finger.

El ectrode Insertion: Define the line fromthe m dpoint of the

el bow crease to the radial styloid process. Two thirds of the

di stance fromthe el bow crease, insert the electrode just nedia

to the radius. This nuscle is deep, hence localization is best
achi eved by periodic activation of the nmuscle. The electrode is
inserted deeper toward the nuscle until “crisp” MJAPs are recorded
(CGeneral Overview, Figure 4B).

Caveat: Caution nust be exercised by inserting the electrode
sufficiently deep (or posterior) to pass through the flexor
di gitorum sublims.
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Flexor Pollicis Longus

adial
Styloid
Process

Interphalangeal
Joint
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Pronat or Teres

| nnervation: Median nerve (C6, C7)

Oigin: Via tw heads, a huneral head originating fromthe nedial
epi condyl e of the humerus and conmon fl exor tendon and an ul nar
head originating fromthe nedial side of the coronoid process of

t he ul na.

Insertion: Md-lateral surface of the radius.

Posi tion/ Activation: The forearmis in supination with the nuscle
being optimally activated by pronating the forearm fromthis
posi ti on.

El ectrode Insertion: Just distal to the el bow crease at a point
m dway between the biceps tendon and the nedial epicondyle.

Caveat: If the electrode is too nedial, it may penetrate the
flexor carpi radialis.
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Supi nat or

I nnervation: Radial nerve (C5, C6, C7)

Oigin: Lateral epicondyle of the hunerus, radial collateral
i gament of the elbow joint and supinator crest of the ulna.

Insertion: Lateral surface of the upper third of the shaft of the
radi us.

Posi tion/ Activati on: The patient is supine with the forearmin
pronation on the examnation table. Activate by supinating the
forearm agai nst resistance while it remains on the table surface.

El ectrode Insertion: Define the line between the |atera

epi condyl e and the radial styloid process and nmark that point
which is one fourth the way distal to the | ateral epicondyle,
coinciding with the dividing Iine between the finger extensors and
the wist extensors (see extensor digitorum conmunis and extensor
carpi radialis longus and brevis). Insert the electrode between

t hese nuscle groups, deviating the electrode tip toward the radius
bone. This nuscle is deep, hence localization is best achieved by
periodic activation of the nuscle. The electrode is inserted
deeper toward the nuscle until “crisp” MJAPs are recorded (Cenera
Overview, figure 4B).

Caveat: The supinator is a deep nuscle, partially envel oping the
radius bone at this level. Periodic activation may be necessary
to confirm | ocalization.
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Proxi nal Arm & Shoul der

Bi ceps Brachii
| nnervati on: Muscul ocut aneous nerve (C5, C6)

Oigin: Via two heads. The short nedial one originates fromthe
coracoi d process of the scapula and the long lateral one
originates fromthe supragl enoid process of the scapul a.

I nsertion: Tuberosity of the radius.

Position/Activation: The patient is supine and the armis
extended in supination. Activation is by having the patient flex
t heir el bow mai ntai ning supination of the forearm G eater
activation can often be achieved by having the patient externally
rotate or "hyper-supinate" their forearm as this is an additional
action of the biceps brachii. The |atter maneuver produces

m ni mal upper arm novenent.

El ectrode Insertion: Divide the nmuscle longitudinally into three
segnents and insert the electrode at the junction of the mddle
and distal segnents.

Caveat: |If the electrode is too distal and lateral, it nmay
penetrate the brachialis.

Biceps Brachii
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Deltoid (M ddle)
I nnervation: Axillary (C5, C6).

Oigin: The deltoid is divided into its anterior, mddle and
posterior fibers which originate fromthe clavicle, superior
acrom on and posterior spine of the scapula, respectively.

I nsertion: Conmmon tendon on the deltoid tuberosity of the
huner us.

Position/Activation: The patient is supine with their el bow

fl exed and forearm pronated over their trunk. The patient abducts
their shoulder without lifting their elbow off the table surface.
Al though their arm can also be fully extended at their side, the
fl exed el bow position allows sone internal rotation of the

shoul der which facilitates activation of the anterior fibers.

If resistance is necessary, the exam ner applies their hand
against the patient's elbow as it is abducted away fromthe
patient's side. Another strategy is to have the patient take
their contralateral hand and grasp the back of the hand on the
side being studied as it lies prone over their trunk. The patient
t hen abducts their shoul der which should cause this hand to be
pul l ed away, but not through, the other hand restraining it.

If sustained, mninmal activation is necessary such as in single
fi ber electronyography, a webbed restraint belt is mnimlly
snugged around the trunk and arns just proximal to the el bows, or
at least the trunk and armto be examned. The author stresses
prior explanation of this maneuver to the patient. The belt does
not wrap around anything else, e.g., the table, so the patient is
not "belted" to anything! There should only be slack for about 1-
2 cm abduction of the elbow fromtheir side. The patient then
abducts their shoulder fromtheir trunk into the belt in a
principally isometric contraction as described above. 1In the
author's experience, this maneuver produces the best activation
for recording single fiber studies and is well tolerated by
patients. If a belt is not available, then a sheet fol ded

| engt hwi se and knotted may be substituted.

El ectrode Insertion: Halfway between the acromon and the
insertion of the deltoid on the hunerus.

Caveat: Wen a patient is suspected of having extensive previous
i ntramuscul ar injections to the mddle deltoid, the Anterior
Deltoid may be substituted. Wth the shoul der adducted agai nst
their side in md-rotation (i.e., elbow on the table and forearm
vertical), define the |line between the acrom oclavicular joint and
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the anterior axillary fold. Fromthe mdpoint of this line, go
one quarter the distance lateral toward the |ateral border of the
shoul der and insert the electrode. Activate by having the patient
abduct and forward flex their shoul der.

TS
int
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| nf raspi nat us
I nnervation: Suprascapul ar nerve (C4, C5, (6).
Oigin: Medial infraspinous fossa of the scapul a.

Insertion: Inserts on the greater tubercle of the hunerus and
shoul der joint capsule.

Position/Activation: The patient is in the lateral decubitus
position with the side to be studied superior, the armresting
along their side with the el bow fl exed and forearm pronated
anteriorly (i.e., hanging dowward over their trunk), and, if
necessary, the hand resting on the table surface. The nuscle is
activated by external rotation of the shoul der while naintaining
the el bow s position against their trunk.

El ectrode Insertion: 3-4 cminferior to the mdpoint of the
scapul ar spi ne.

Caveat: |If the electrode is too superficial, it may be in the

Infraspinatus

m ddl e trapezi us.

Scapular
Spine

L - #'
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Levat or Scapul a

Innervation: Direct branches fromthe C3, &4 roots and by the
dorsal scapular nerve derived fromthe C4, C5 roots.

Oigin: Transverse processes of Cl-4 vertebrae.

I nsertion: Medi al border of the scapula just bel ow the superior
angl e, but above the root of the scapul ar spine.

Posi tion/ Acti vati on: The patient is in the lateral decubitus
position with the side to be studied superior, the armresting
along their side with the el bow optionally flexed. Activate by
el evation of the scapula or "shruggi ng" the shoul der.

El ectrode Insertion: Define the |ine between the external

occi pital protuberance and the superior angle of the scapula and
insert just less than half way from the superior nedial border of
the scapul a.

Caveat: As with the rhonboids, if the electrode is too
superficial it will be in the trapezius; if too deep it will be in
t he paraspinal nuscul ature.

Levator Scapula

Superior
Angle of
Scapula
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Pectoralis Major: davicular or Upper Portion

I nnervation: Lateral Pectoral Nerve (C5, C6, C7)

Oigin: Anterior surface of nedial half of clavicle.
Insertion: Crest of the greater tubercle of the hunerus.

Posi tion/ Activation: The patient is supine with the arm extended
al ong side, adducting their arm agai nst their side.

El ectrode Insertion: Ildentify the mdpoint of the clavicle and
insert just inferior.

Caveat: Excessively deep insertion may potentially result in
pneunot hor ax.
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Pectoralis Major: Sternocostal or Lower Portion

I nnervation: Medial Pectoral Nerve (C6, C7, C8, T1).

Oigin: Anterior surface of sternum cartilages of first 6-7 ribs
I nsertion: G eater tubercle of the humerus.

Position/ Activati on: The patient is supine with the arm extended
al ong side, adducting their arm agai nst their side.

El ectrode Insertion: Approximately 2 cm nedial and 2 cm superior
to the anterior axillary fold.

Caveat : If the electrode is too lateral, it may penetrate the
bi ceps brachii or anterior deltoid.

srnocostal

_/‘d;q“

http://www.casaengineering.com 45 Info@casaengineering.com



Electronic Myoanatomic Atlas for Clinical Electromyography

Rhonboi ds (M nor and Maj or)

I nnervation: Dorsal scapular nerve (4, C5, C6)

Oigin: The Mnor Rhonboid originates fromthe nuchal |iganent
and C7 and T1 spinous processes whereas the Mjor Rhonboid
originates fromthe T2-5 spinous processes.

Insertion: Both insert on the nedial aspect of the scapula, the
m nor rhonboid at the |evel of the scapular spine and the mgjor
rhonmboi d bel ow the scapul ar spine extending inferiorly to the
inferior angle of the scapul a.

Position/Activation: The patient is in the [ateral decubitus
position with the side to be studied superior, the armresting
along their side with the el bow optionally flexed. Activation is
by having the patient elevate and adduct their scapula, simlar to
a mlitary "attention" position. If activating the one side to be
studied is difficult, the patient can activate both sides

simul taneously which is often easier and nore readily
acconpl i shed.

El ectrode Insertion: Mnor rhonboid: just nedial to the nedia
edge of the scapular spine. Mjor rhonboid: just nedial to the
medi al scapul ar border at the m dpoint between the scapul ar spine
and the inferior angle of the scapula.

Caveat: |If the electrode is too superficial, it will be in the
mddle trapezius; if too deep it will penetrate the paraspina
muscul at ure.
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Rhomboid (Minor)

Scapular
Spine

Rhomboid (Major) —
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Serratus Anterior

I nnervation: Long Thoracic Nerve (C5, C6, C7, (CB)

Origin: Ext ernal and superior borders of the upper eight to nine
ribs.

Insertion: Costal surface of the nedial border of the scapul a.

Position/Activation: There are different techniques for
activation. One traditional nethod involves having the patient
prone with their shoulder maximally internally rotated, el bow
flexed, with the dorsum of their forearm against their back as if
in a half-nelson westling hold. The author has not found this

t echni que usef ul

The author’s preference is to have the patient supine with
their elbow flexed and resting on the table. The forearmis
perpendi cular to the exam nation table and the shoulder is
slightly abducted. Alternatively, the arm may be extended wth
the forearmin pronation. Activate by having the patient elevate
their elbow off the table approximately 3-5 centineters, noving
the shoulder in forward flexion.

El ectrode Insertion: The anterior and mddle axillary lines are
identified. Note the anterior Ilimt of the latissinus dorsi which
Is posterior, and the posterior extent of any breast tissue in a
female. Both are to be avoided. Imediately posterior and
inferior to the anterior axillary fold, a rib (usually the 4th or
5th) is identified and isol ated between the exam ner's index and
third fingers of their “free hand” (i.e., the hand not holding the
needl e el ectrode). The fingers should be pointed inferior and
anterior, followng the direction of the rib toward the sternum
This is maintained throughout the insertion to maintain

| ocal i zation. The electrode is inserted between the examner’s
fingers and slowy advanced in an anteroinferior oblique
direction, following the direction of the rib. Advancing the

el ectrode at gentle, short increnents is recomended. The

el ectrode should just touch the rib surface, then be slightly

wi t hdrawn before activation.

Caveat : Wth the rib underneath, the Iimting point of the
insertion will be the rib itself. It is inportant to maintain
rib identification and isolation so that the needl e does not
penetrate the chest wall, resulting in a pneunothorax. |f the
electrode is inserted too posteriorly to the mdaxillary line, it
may penetrate the latissinmus dorsi or teres magjor. |If additiona
sites need to be studied, then an additional insertion on an

adj acent rib may be required.

http://www.casaengineering.com 48 Info@casaengineering.com



Electronic Myoanatomic Atlas for Clinical Electromyography

Anterior
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Supr aspi nat us

| nnervation: Suprascapul ar nerve (4, C5, (6).

Origin: Supraspinous fossa of the scapul a.

Insertion: Geater tubercle of the hunerus.

Position/ Activation: The patient is in the |ateral decubitus
position with the side to be studied superior, the armresting
along their side with the el bow optionally flexed. Activate by
shoul der abduction and forward flexion if necessary.

El ectrode Insertion: Define the nmedial and lateral borders of the
scapul ar spine. Insert the electrode at a point mdway, superior
to the scapul ar spine, deep into the supraspinous fossa.

Caveat: If the electrode is too superficial, it my be in the
upper trapezius.

Supraspinatus

—
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Triceps Brachii
I nnervation: Radial nerve (C6, C7, C8, T1)

Oigin: Via three heads: long, lateral, and nedial, which
originate on the infraglenoid tubercle of the scapul a,

posterol ateral proxinmal hunerus and distal posteronedial hunerus,
respectively.

Insertion: A comon tendon on the ol ecranon process of the ul na
and antebrachial fascia.

Lat eral head:
Position/Activation: The patient is supine. The lateral head is
activated by placing the elbow in flexion and the shoul der
internally rotated so their hand is resting on their chest, but
going in a dowward or inferior direction. The patient applies
resistance with their "free" hand to the opposite wist on the
side being studied to achieve isonetric activation.

El ectrode Insertion: Md-posterolateral aspect of the upper arm
along a line fromthe acromon distal to the lateral epicondyle.

Caveat : If the electrode is too proximal, it nmay penetrate the
deltoid. If the insertion is too posterior in obese individuals,
the muscle may be mi ssed altogether

http://www.casaengineering.com 51 Info@casaengineering.com



Electronic Myoanatomic Atlas for Clinical Electromyography

Triceps Brachii (Continued)
Long Head:

Position/Activation: Simlar to the |ateral head, however the
shoul der is placed in adduction and greater internal rotation. The
|l ong head is activated by placing the elbow in flexion and the
shoul der internally rotated so their hand is resting on their
chest, but going in a dowward or inferior direction. The patient
applies resistance with their "free" hand to the wist on the side
bei ng studied to achieve isonetric activation.

El ectrode Insertion: ldentify the sane |ongitudinal point as in
the | ateral head, however insertion is nmedial to the m d-posterior
line of the upper arm

Caveat: If the electrode is too proxinmal, it may penetrate the
del t oi d.

=N & ,
% Bra 'ﬁi‘(Long Heac

e
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Triceps Brachii (Continued)
Medi al Head (not shown in video):

Position/ Activation: The shoulder is abducted and externally
rotated, with the forearmeither flexed at the el bow or fully
extended. It is easy to activate fromthe latter position by
havi ng the patient hyperextend the elbow In the forner position,
the elbow is resting on the exam nation table with the forearm
devi ated outward, away fromthe trunk. Activation is via
extension of the elbow with resistance applied as necessary.

El ectrode Insertion: Define the |line between the anterior
axillary fold and the ol ecranon. Insert the electrode on the

post eronedi al aspect of the upper armat a point one third the way
proxi mal to the ol ecranon.

Caveat: If the electrode is too anterior it may penetrate the
brachialis nuscle.
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|V. The Lower Extremty Miscles
Intrinsic Miuscles of the Foot

Abductor Digiti Quinti (Foot)
I nnervation: Tibial (S1, S2).
Oigin: Oiginates fromthe |ateral cal caneus.

Insertion: Inserts on the lateral aspect of the fifth proximal
phal anx.

Position/Activation: The patient is supine. The nuscle is
activated by having the patient abduct their toes. |If this
maneuver is difficult, concurrent mnimal toe flexion is usually
successful .

El ectrode Insertion: Approximately 3 cm proximal to the head of
the fifth nmetatarsal, just inferior to the fifth netatarsal. This
shoul d approxi mate the border of the glabrous skin of the foot.

Caveat: This nuscle may be reduced in size in otherw se nornal,
particularly older, adults. The finding of “enlarged”, stable
MJUAPs without fibrillation potentials (i.e., no abnormalities
found in the nerve conductions and patchy enlarged MJAPs found in
other intrinsic foot nuscles) should be interpreted wth caution
Deep insertions may cause penetration of the flexor digitorum
brevis or flexor digiti mnim, however these have the sane

I nnervati ons.
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Abductor Digiti Quinti (Foot)

Border,
Glabrous Skin
of Sole

Metatarsal
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Abduct or Hal I uci s

I nnervation: Tibial nerve (L4, L5, S1, S2)

Oigin: Medial calcaneus.

Insertion: Medial base of the proximal first phal anx.

Posi tion/ Activation: The patient is supine. The nuscle is
optimally activated by having the patient perform abduction and
flexion of the large toe. Sone individuals may have difficulty
with this maneuver. It may be necessary to have the patient
resi st against the exam ner’s hand.

El ectrode Insertion: ldentify the navicular promnence and insert
the electrode froma nedial approach just inferior to this point
at the border of the glabrous skin of the sole.

Caveat: |If the electrode is too deep it may penetrate the flexor
hal lucis brevis or flexor digitorumbrevis. This nuscle may be
reduced in size in otherwise normal, particularly older, adults.
The finding of “enlarged’, stable MJAPs wi thout fibrillation
potentials (i.e., no abnornmalities found in the nerve conductions
and patchy enlarged MJAPs found in other intrinsic foot nuscles)
should be interpreted with caution

Abductor Hallucis

Border,

Glabrous Navicular
Skin of Solg _ Prominence
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Ext ensor Digitorum Brevis

I nnervation: Deep peroneal (L4, L5, Sl)
Origin: Calcaneus and extensor retinacul um

Insertion: Via four tendons to the first through the fourth
digits, the nost nedial slip being referred to as the extensor
hal l uci s brevis.

Position/ Activation: The patient is supine. The nuscle is
activated by having the patient performtoe extension wthout
ankl e extension against the resistance of the examner's hand or
by having the patient place their contralateral foot over their
toes to provide resistance.

El ectrode Insertion: Approximately 4 cmanterior to the m dpoint
of the inferior border of the lateral malleolus into the mdbelly
of the nuscle, directing the el ectrode dowward toward the

peri ost eum

Caveat: This nuscle is well isolated from other nuscles but may
be reduced in size in otherwise normal, particularly ol der

adults. The finding of “enlarged”, stable MJAPs w thout
fibrillation potentials (i.e., no abnormalities found in the nerve
conductions and patchy enlarged MJAPs found in other intrinsic
foot nuscles) should be interpreted with caution
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Extensor Digitorum Brevis

Lateral
Malleolus
(Inferior Border)

% (]
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First Dorsal |nterosseous (Foot)

I nnervation: Tibial nerve (S1, S2)

Oigin: Via tw heads fromthe bases of the first and second
net at ar sal bones.

Insertion: Medial side of the proximl phalanx of the second toe.

Position/Activation: The patient is supine. The patient abducts
their 2nd-4th toes froman axial |ine through the second toe.
Concurrent flexion of the netatarsophal angeal joints or extension
of the interphal angeal joints may facilitate activation as the
dorsal interossei of the toes also participate in the novenent of
these joints. Activation of this nuscle may be difficult in sone
i ndividuals. An alternate nethod of activation is to place the
examner’s finger or a simlar sized object (the author uses the
barrel of a hypoderm c syringe) placed between the patient’s |arge
and second toes and ask themto “squeeze” or “pinch” it.

El ectrode Insertion: The exam ner places their finger on the
dorsum of the distal foot between the first and second toes,
advancing the finger until it reaches the netatarsal heads. The
finger is withdrawn slightly (a few mllinmeters), then the

el ectrode is inserted directly dowmward into the space, directing
the electrode toward the second toe.

Caveat: The needl e should not be inserted too deeply, i.e.
beyond the mdpoint of the long axis of the netatarsal bones.

The finding of “enlarged’, stable MJAPs wi thout fibrillation
potentials (i.e., no abnornmalities found in the nerve conductions
and patchy enlarged MJAPs found in other intrinsic foot nuscles)
should be interpreted with caution. Conpared to the above
intrinsic foot nuscle, such findings tend to occur less in this
nmuscl e.

http://www.casaengineering.com 59 Info@casaengineering.com



Electronic Myoanatomic Atlas for Clinical Electromyography

First Dorsal Interosseous (Foot)
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D stal Leg

Anterior Tibial

I nnervation: Deep peroneal (L4, L5, S1)

Oigin: Lateral tibial condyle and the proximal half of the
| ateral tibia.

| nsertion: Post eronedi al surface of the cunei form bone and base
of the first netatarsal

Position/Activation: The patient is supine and dorsiflexes the
ankle while the ankle is slightly inverted. The toes should be in
neutral position and not extended so as to avoid activation of the
extensor digitorum longus. Wth adequate patient preparation, the
anterior tibial may be mnimally, but satisfactorily activated for
MUAP anal ysis using only ankle inversion. The author usually finds
that in order to acconplish the latter, the patient needs to place
their inverted ankle against the nedial aspect of the opposite
foot for resistance.

El ectrode Insertion: Define the mdpoint of the |ine between the
| ateral and nmedial malleoli (i.e., anterior intermalleolar |ine).
Between this point and the tibial tuberosity, insert the el ectrode
into the proximal third segnment just lateral (approximately 2 cm
to the anterior border of the tibia. A nore oblique insertion is
hel pful to reduce “bowing” of the electrode as a result of
activation. It does not matter whether the electrode is pointing
proximally or distally: the author favors the latter as being
easiest to perform based on where the examner is typically
sitting. M nimal activation before inserting the el ectrode deeper
beyond the subcutaneous tissue into the nuscle also reduces pain
from el ectrode penetration.

Caveat: If the electrode is placed too lateral, it may penetrate
the extensor digitorum | ongus.
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Ext ensor Di gi torum Longus
I nnervati on: Peroneal nerve (L4, L5, S1)

Oigin: Lateral condyle of the tibia, proximal three quarters of
the anterior fibula and proximal portion of the interosseus
menbr ane.

Insertion: Via four tendons to the second through the fifth toes
on a dorsal expansion of the tendons on the toes at the m ddle and
di stal phal anges.

Position/Activation: The patient is supine. The patient extends
their 2nd through 5th toes at the netatarsophal angeal and

I nt er phal angeal joints with their ankle fixed in a neutral to
slightly plantar flexed position. The latter reduces activation
of the principal ankle evertors and dorsiflexors although the
extensor digitorumlongus also has a mnor role in both these
actions. Additional resistance can be provided by the exam ner’s
hand to facilitate isonetric contraction. This can also be
achieved by placing the patient’s contral ateral heel on the dorsum
of the distal foot being activated and having them extend their
toes against it.

El ectrode Insertion: Identify the mdpoint of the |line between
the fibular head and the tibial tuberosity. Fromthis point to
the mdpoint of the anterior intermalleolar line (i.e., the line
between | ateral and nedial malleolus going over the dorsum of the
ankle), divide into three segnents and insert the electrode at a
point one third the distance distal to the proximl |andmark

Caveat: If the electrode is inserted too anterior and nedial it
may penetrate the anterior tibial; if too |ateral and posterior it
may penetrate the peroneus longus; if too deep it may penetrate
the extensor hallucis longus. It is inportant to nonitor novenent

of the ankle so that unwanted activation from the nei ghboring
anterior tibial and peroneus |ongus does not occur
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Ext ensor Hal | uci s Longus

| nnervation: Peroneal nerve (L4, L5, Sl1)

Oigin: Mddle half of the anterior surface of the fibula and
i nt erosseous nenbr ane.

Insertion: Base of the distal phalanx of the hall ux.

Position/Activation: The patient is supine and extends their
|arge toe with their ankle in neutral to slightly plantar flexed
position to avoid activating the ankle dorsiflexors or evertors.
The extensor hallucis |ongus does have a mnor contribution to
ankl e dorsiflexion and inversion.

El ectrode Insertion: ldentify the m dpoint of the anterior
intermalleolar line (i.e., a line between the lateral and nedi a
mal | eol us goi ng over the dorsum of the ankle). In a line from

this point to the tibial tuberosity, divide into three segnents
and go one third the way proximal to the m dpoint of the
intermalleolar line, just lateral to the anterior border of the
tibia.

Caveat: If the electrode is too nedial and superficial, it wll
be in the anterior tibial. |If the electrode is too lateral, it
may be in the evertors or extensor digitorumlongus. As with the
extensor digitorumlongus, it is inportant to nonitor novenent of
the ankle so that undesirable activation from adjacent nuscle does
not occur.
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Gastrocnem us (Medial and Lateral Heads)

I nnervation: Tibial nerve (S1, S2).

Oigin: The nedial head originates fromthe proxi mal and
posterior aspect of the nedial condyle plus adjacent portion of
the fenmur. The lateral head originates fromthe proximl and
posterior aspect of the lateral condyle plus adjacent portion of
the femur and capsule of the knee joint.

Insertion: Md-posterior aspect of the calcaneus via the Achilles
t endon.

Posi tion/Activation: The patient may be supine for exam nation of
only the nedial head; or in the |ateral decubitus or prone
position to study either the nedial or lateral heads. The nuscle
is optimally activated by plantar flexing the ankle in slight
inversion wth the | eg extended (nedial head) or plantar flexing
the ankle in slight eversion with the | eg extended (Il ateral head).

El ectrode Insertion: 1In a line between the m dpoint of the
popliteal crease and the heel, the electrode is inserted into the
m ddl e of the proximal third segnment, 3-4 cm fromthe posterior
mdline: nedially to study the nmedial head and laterally to study
the |l ateral head.

Caveat: If the electrode is inserted too anteriorly or deeply it
may penetrate the soleus or flexor digitorum | ongus.
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Per oneus Longus
I nnervation: Superficial peroneal nerve (L4, L5, Sl)

Oigin: Lateral condyle of the tibia and head and proxi mal two-
thirds of the lateral fibula.

| nsertion: Posterol ateral base of the first netatarsal and nedi al
cunei form bone.

Posi tion/ Activation: The patient is supine. The patient everts
their ankle in plantar flexion. The latter reduces potential for
coactivation of the ankle dorsiflexor.

El ectrode Insertion: 1In a line fromthe fibular head to the
| ateral malleolus, divide into three segnents and identify the
point one third the way distal to the fibular head.

Caveat: If the electrode is too anterior, the el ectrode may
penetrate the extensor digitorum |ongus or peroneus tertius, both
of which will activate with ankle eversion. |[If too posterior, it

may penetrate the |ateral gastrocnem us.

Peroneus Longus

Fibular Head

Lateral
Malleolus
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Sol eus
I nnervation: Tibial nerve (L5 S1, S2)

Oigin: Posterior fibular head, proximal third of the fibula,
soleal line, and mddle third of the nedial border of the tibia.

Insertion: Cal caneus bone with the gastrocnem us via the Achilles
t endon.

Posi tion/ Activation: The patient is prone with the ankle in
plantar flexion. Flexing the knee may facilitate activation by
reduci ng the gastrocnem us' contribution to plantar flexion of the
ankl e.

El ectrode Insertion: ldentify the |ine between the m dpoint of
the popliteal crease and the heel and divide into three segnents.
Insertion is into the proxinmal part of the distal third segnent,
just nmedial or lateral to the mdline so as to avoid the tendon of
t he gastrocnem us nmnuscl e.

Caveat: |If the electrode is too superficial and rostral, it may
be in the gastrocnem us.

Tendon of Popliteal
Gastrocnemius Crease

Soleus
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Thi gh and Pel vis

Adduct or Longus
[ nnervation: Qbturator nerve (L2, L3, L4)
Oigin: Anterior surface of the pubic bone.

Insertion: Inserts on the mddle third of the linea aspera on the
femur.

Position/Activation: The patient is supine with their |egs
slightly abducted and slightly externally rotated. A common
pitfall is to allow the patient to internally rotate the linb in
activation. To avoid this, make certain the patient’s foot is
always in a neutral to slightly externally rotated position. A
hel pful activating nethod |learned froma colleague is to place a
stiff plastic basin approximately 25 cmin dianeter between their
thighs at the knees and ask the patient to adduct both their |egs
against it. If none is handy, then a book of simlar size, padded
with a towel, can be used.

El ectrode Insertion: 1In a line going between the nedial superior
border of the patella to the nmedial end of the inguinal |iganent
at the pubic tubercle, insert the electrode approximately 25% of
the way from the inguinal |iganent, just posterior to this line.

Caveat: If the electrode is too nedial and posterior, it may
penetrate the gracilis; if too lateral and anterior, it may
penetrate the sartorius or quadriceps; if too distal it may
penetrate the adductor magnus.
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Bi ceps Fenoris (Short Head)

I nnervation: Peroneal portion of the sciatic nerve (L5, S1, S2)

Origin: Lateral lip of the |inea aspera, proxinmal supracondyl ar
line and lateral internuscular septum

| nsertion: Lateral side of the fibular head and the |atera
tibial condyle.

Position/Activation: In this denonstration, the |ateral decubitus
position is used with the side to be studied superior. The prone
position may al so be used, but the lateral decubitus position is

| ess fatiguing for weak patients and allows greater control in

m nimal activation. The patient's knee should be flexed with their
foot on the exam nation table so that the hip is slightly
externally rotated. The latter position should facilitate
activation at mnimal effort or resistance, allow ng easy

pal pati on of the tendon of the Biceps Fenoris Long Head.
Alternatively the patient may be prone with their knee flexed so
that the distal leg is vertical to the table.

El ectrode Insertion: Approximately 5 cm proxinmal to the poplitea
crease, either nedially or laterally but deep to the tendon of the
| ong head of the biceps fenoris.

Caveat: |In obese individuals, superficial |andmarks may appear
altered in the |ateral decubitus position. If the electrode is too
proximal, it may penetrate the Long Head of the Biceps Fenoris.
If too nedial, the electrode may penetrate the sem nenbranosus.
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Bi ceps Fenoris (Long Head)

(not shown in video)
I nnervation: Tibial portion of the sciatic nerve (L5, Sl1, S2)

Oigin: Distal sacrotuberous |iganment and posterior part of the
i schial tuberosity.

| nsertion: Lateral side of the fibular head and the |atera
tibial condyle.

Posi tion/Activation: See Biceps Fenoris (Short Head). The latera
decubi tus position is used with the side to be studied superior
The patient's knee should be flexed wwth the foot on the

exam nation table so that the hip is slightly externally rotated.
The latter position should facilitate activation at mninmal effort
or resistance, allow ng easy pal pation of the tendon of the |ong
head biceps fenoris. Alternatively the patient may be prone with
their knee flexed so that the distal leg is vertical to the table.

El ectrode Insertion: Follow the tendon of the |ong head of the
bi ceps fenoris proxinmally and insert into the posterior md-thigh
just lateral to the mdline.

Caveat: If the electrode is too lateral, it nay penetrate the
vastus lateralis; if too nedial, it nmay penetrate the
sem t endi nosus.
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G ut eus Maxi nmus
I nnervation: Inferior gluteal nerve (L5, S1, S2)

Origin: Posterior gluteal line of the ilium posterior dista
sacrum | ateral coccyx, erector spinae & gluteal aponeurosis, and
sacr ot uberous |iganent.

Insertion: Iliotibial tract of the fascia lata and gl utea
tuberosity of the fenur.

Position/Activation: The patient is prone with their foot over
the end of the exam nation table or in the lateral decubitus
position (leg to be exam ned superior). The nuscle is best
activated by either having the sinultaneous adduction of both
buttocks or by extending the hip wth the knee flexed. The latter
maneuver reduces the extension of the hip because tension in the
rectus fenoris anteriorly is reduced. The author favors adduction
of the buttocks, as if to nove the pelvis anteriorly, because it

i nvolves the least |inb novenent and effort for the patient.

El ectrode Insertion: Mdway between the posterior superior iliac
spine and the greater trochanter

Caveat: |solated MJAP abnornalities nmay occasionally be noted
within the gluteus maxinmus, usually due to renote intramnuscul ar
injections. |If such findings are encountered that cannot be found
at another site(s) in the gluteus maxi nus or other nuscles with
simlar segnental innervation, then consider an iatrogenic
etiology due to prior injections. These are not of |ocalizing
signi ficance.
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A ut eus Medi us

I nnervation: Superior gluteal nerve (L4, L5, S1)
Oigin: External surface of the ilium and gl uteal aponeurosis.

Insertion: Inserts on the lateral surface of the greater
trochanter of the fenur.

Position/Activation: Wth the patient in the supine position, the
muscle is activated by having themeither slightly abduct the |eg

or internally rotate it. Internal rotation selectively activates
the nore anterior nuscle fibers. The author favors the latter as
easier in achieving greater activation with |ess overall linb
novenent .

El ectrode Insertion: 1In a line between the lateral iliac crest
and the greater trochanter, insert the electrode 3-4 cmdistal to
the iliac crest slightly anterior to this |ine.

Caveat: If the electrode is too deep or distal, it nay penetrate
the gluteus mninus. |If the electrode is too nedial or anterior

it may penetrate the tensor fasciae latae; if too posterior it may
penetrate the gl uteus maxinus.
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| I'i acus
I nnervation: Fenoral nerve (L1, L2, L3, L4).

Origin:  Superior two thirds of the iliac fossa, internal |ip of
the iliac crest, sacral ala and iliolunbar/sacroiliac |iganents.

Insertion: Lateral aspect of the psoas nmmjor tendon, just dista
to the lesser trochanter.

Position/Activation: The patient is supine with the leg to be

exam ned in slight abduction and external rotation. Activate by
having the patient |ift the leg to be exam ned w thout otherw se
altering position. This fixates the iliacus’ origin. Conversely,

the legs can remain on the exam nation table and the patient asked
to slightly lift their trunk, as if initiating a sit up. This
fixates the iliacus' insertion.

El ectrode Insertion: Palpate the fenoral pulse just inferior to
the inguinal liganent. Insert the electrode approximately 3 cm
|ateral to the artery to avoid penetrating the neurovascul ar
bundle in the fenoral triangle, again just inferior to the

i ngui nal |iganent.

Caveat: The nmain precaution in this insertion is to avoid
penetration of the neurovascular group in the fenoral triangle
which fromnedial to lateral is the fenoral vein, artery and
nerve, respectively. |If the electrode is placed too nedial, the
el ectrode may penetrate one of these structures or the pectineus
muscle; if too lateral, the electrode nmay penetrate the sartorius.
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Note: The iliacus is conmonly referred to as the iliopsoas, in
conbination with the psoas major. Al though the actions of these
two nuscles are essentially identical, we choose not to nention
the psoas nmjor because only its tendon extends beyond the
inguinal liganment and in actuality only insertions of the iliacus
are made in routine clinical EMs at the | evel described.
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Sem menbr anosus

I nnervation: Tibial nerve (L4, L5, Sl1, S2)
Oigin: Tuberosity of the ischium
Insertion: Posteronedial aspect of the nedial tibial condyle.

Posi tion/ Activation: The patient is in the prone or |ateral
decubitus position, flexing their knee.

El ectrode Insertion: Go approximately 5 cmproximally to the
m dpoi nt of the popliteal crease, inserting the electrode slightly
medi al | y.

Caveat: |If the electrode is too nedial, it may penetrate the
sem tendinosus; if too lateral it may penetrate the biceps fenoris
(short head).
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Sem t endi nosus

I nnervation: Tibial nerve (L4, L5, Sl1, S2)

Origin: Ischial tuberosity by a common tendon with the biceps
fenoris.

Insertion: Proximal portion of the nedial tibia and deep fascia
of the |eg.

Position/Activation: The patient is in the prone or |ateral
decubitus position, flexing their knee.

El ectrode Insertion: Mdthigh, just nedial to the mdline.

Caveat: If the electrode is too lateral, it nay penetrate the
bi ceps fenoris.
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Vastus Lateralis

| nnervation: Fenoral nerve (L2, L3, L4)

Oigin: Proximal intertrochanteric line, anteroinferior border of
the greater trochanter, proximal half of the linea aspera and
| ateral intermuscular septum

Insertion: Proximal border of the patella and via the patella
liganment to the tibial tuberosity.

Posi tion/ Activation: The patient is supine, extending their knee
and slightly lifting their heel off the table, or perform ng knee
hyper-extension, i.e., pushing their knee on to the exam nation
table surface sinmultaneous with trying to lift their ankle off the
t abl e.

El ectrode Insertion: Approximately md-thigh in a line going
proximal fromthe |ateral superior border of the patella.

Caveat: If the electrode is too lateral and posterior, it nay
penetrate the biceps fenoris; if too medial or anterior, it nmay
penetrate the rectus fenoris.
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Vastus Medialis

I nnervation: Fenoral nerve (L2, L3, L4)

Oigin: Distal intertrochanteric line, nedial lip of the linea
aspera, proximal medial supracondylar l|ine, internuscular septum
and tendons of the adductor |ongus and magnus.

Insertion: Proximal border of the patella and via the patella
ligament to the tibial tuberosity.

Position/Activation: The patient is supine, extending their knee
and slightly lifting their heel off the table, or perform ng knee
hyper-extension, i.e., pushing their knee on to the exam nation
table surface sinmultaneous with trying to lift their ankle off the
tabl e.

El ectrode Insertion: In a line going between the nedial superior
border of the patella and the nedial end of the inguinal |iganment
at the pubic tubercle, insert approxinmately 25% of the distance
from the patellar border.

Caveat: |If the electrode is too lateral, it nmay penetrate the
rectus fenoris, if too nedial and posterior, it may penetrate the
sartorius or gracilis.

Vastus Medialis
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V. Paraspi nal Miscles
Mul tifidus

The | arger paraspinal nuscles extend nost of the length of the
back. These include the nore superficial and nedial |ongissinus,
and the laterally placed iliocostalis. The multifidus is nedial
and at sone levels nay be deep to the longissinus. It is a

mul ti segnent al -i nnervated nuscle supplied by the C4 through sacra
myot ones. The nuscle fibers originate fromthe transverse process
of the vertebral bodies, span 2-4 vertebra, and insert on the
transverse process of a vertebral body superior to its origin.

The nuscle fibers are thought to be relatively short, thereby
tending to have |less overlap in segnental innervation. For
exanple, in an acute single |evel radicul opathy, denervation would
be nore focal and confined than in the larger, nore superficia

par aspi nal rmnuscl e.

The nmultifidus may be studied in the prone or |ateral decubitus
position. In the latter, it is inportant that the shoul ders and
pel vis be perpendi cul ar and not rotated. The nuscle is best
activated extending the back or neck. To help activate the
thoracic and | unbar segnents, the patient may concomtantly extend
their thigh posteriorly, knee in extension. Wile slightly tensing
the skin, the needle electrode is inserted perpendicular to the
long axis of the nmultifidus' fibers, approximately 2-3 cmlatera
to the spinous process of the vertebra. The mdline skin crease
shoul d not be assuned to represent the actual mdline (or spinous
processes), especially in obese individuals.

The el ectrode is deviated slightly nedially so that its tip should
reach the junction between the spinous and transverse processes of
the vertebral body (see figure 5). After establishing the

| ocation of the needle tip, it is then easier to study the segnent
by wi thdrawi ng along the corridor, noting that the deeper part of
the insertion is in the nultifidus. |In nmany average-sized adults,
it my be preferable to use a 50 mm el ectrode for the cervical or

| unbar portions of the nultifidus.

When the needle electrode is wthdrawmm to the subcutaneous |evel
the el ectronyographer may w sh to reduce the nunber of skin
insertions by exam ning additional rostral and caudal corridors.
This is acconplished by deviating the electrode rostrally or
caudally, aimng for the sane nedial deep |andmarks descri bed
above. The needle electrode should initially be inserted at the
| evel of the spinous process of the vertebra of the segnent to be
studied. Additional insertions may be required rostrally or

caudal ly, particularly caudally, to fully evaluate the paraspina
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nmuscul ature. The spinal segnental nyotone is often caudal to the
actual vertebral |evel.

The use of corridors running parallel to the direction of the
nmuscl e fibers goes agai nst what has been described in the Genera
Overvi ew section. The goal, however, is to sanple severa

segnents or nyotonmes along the long axis of the spine. Since the
paraspi nal nusculature is a long nexus of muscle fibers that have
variable overlap in their segmental innervation, serial sanpling
of the multifidus along its long axis should achieve this better
than in the other paraspinal nuscles. |In the nmultifidus, the
overlap in the segnmental innervation is considered to be |ess than
i n other paraspinal nuscul ature.

Lumbar Spinous
>3 ol ngrocess

Skin Surface——

lliocostalis/Longissimus

[tifi 4
Multifidus (Lateral)

(Medial)

Figure 5. Schematic showing the insertion of the needle el ectrode
into the multifidus. The electrode is inserted until it touches
bone as shown, then withdrawn slowy while the nuscle is
activated. Note that although the multifidus nmay extend to
superficial levels, only the deeper portion of the corridor should
be considered as being definitely wwthin the multifidus.

Addi tional corridors are nmade directing the electrode rostrally
and caudally, i.e., into and out of the plane of the paper, but at
the sane angle so that the el ectrode reaches the juncture of the
spi nous and transverse spinous processes.
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If nothing is noted at the perpendicular insertion, the adjacent
corridor may easily pick up an area of abnormality supplied by an
adj acent segnent. This is not because the rostral or cauda
deviation of the el ectrode exceeded the length of the sarconeres
which runs 2-4 vertebral segnents. Rather the electrode likely
penetrated overl apping nuscle fibers from an adjacent segnent,
hence the need for often examning 3-4 serial sites along the
regi on of suspected pathology (figure 5). Al though the video
shows the insertion technique for only the lunbar |evel, the
principles for insertion at other spinal levels are identical.

The MJAPs recorded in the nmultifidus are simlar to linb nuscle in
si ze, however MJAPs recorded nore laterally in the |ongissinus may
appear slightly longer in duration. Mean MJAP anplitudes in the
mul tifidus may run about 30% hi gher conpared to the biceps

brachii. The percentage of polyphasic MJAPs may be slightly

hi gher than in the biceps brachii (Barkhaus et al, 1997).
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Scal enes (Anterior, Mddle, and Posterior)

I nnervation: Cervical plexus and branches fromthe ventral ram
of the cervical spinal nerves (C3, C4, C5, (C6).

Oigin: Transverse processes of the C2-C6 vertebra. The scal enes
vary slightly with respect to their levels of origin.

Insertion: Scalene tubercle of the first rib (Anterior Scal ene);
first rib near the subcl avian groove (M ddl e Scal ene); and second
rib (Posterior Scalene).

Position/ Activation: The patient is supine. For functiona

pur poses the Scalenes will be considered together. The patient
perforns |ateral neck flexion to the side being exam ned w thout
shoul der el evation or adduction. Activation nmay be enhanced by
slight contralateral cervical rotation. It is inportant to
instruct the patient in activation prior to insertion.

El ectrode Insertion: The head and neck are in neutral position
First identify the posterior border of the clavicular head of the
sternocl ei donastoid by contral ateral cervical rotation. The
external jugular vein is also identified visually or by brief,
gentle conpression at the base of the neck. The head and neck are
returned to neutral position. The electrode is inserted directly
perpendi cular to the skin surface near the base of the latera
neck, m dway between the |aryngeal prom nence and the C7 spinous
process, approximating a perpendicular vertical |ine extending
inferior to the tragus of the ear. The electrode is advanced
gently and slowly with periodic mniml activation to confirm

| ocal i zation. The scalene nmuscle group is relatively deep

Caveat: The el ectrode should not be directed anteriorly behind
the sternocl eidomastoid so as to avoid the nmajor deep vascul ar
structures of the neck. [If too superficial, the electrode will be
in the platysma; if too posteriorly, the levator scapula; if too
anterior, the sternocl eidomastoid. The patient should be observed
for any evidence of bleeding after withdrawal of the el ectrode.
The scalenes are utilized nore in botulinumtoxin injection than
in clinical EMG
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Spl eni us Capi t us
I nnervation: Dorsal ram of the mddle cervical spinal nerves.

Origin: Caudal half of the nuchal |iganment and spinous processes
of the first 4 thoracic vertebra.

Insertion: Mastoid process of the tenporal bone and on the
occipital bone, the latter being inferior to the lateral superior
nuchal [|ine.

Position/Activation: The patient is prone with their head and
neck in neutral position as described above in the Ceneral
Overvi ew section. The medial and | ateral borders of the nuscle
are isolated by the examner’s fingers 3-4 cmdistal to the
nmuscle’s nedial insertion at the superior nuchal |ine, just dista
to the hairline on the posterior neck. The patient simultaneously
performs cervical extension and rotation of the neck ipsilatera
to the side being studied.

El ectrode Insertion: Bet ween the borders of the nuscle.

Caveat: |If the electrode is too nedial or caudal, it may
penetrate the upper trapezius.

Superior Nuchal Line
(Lateral to External
Occipital
Protuberance
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VI. Cranial Muscles

Frontalis

I nnervation: Facial nerve (cranial nerve VII) supplied by the
not or neurons of the facial nucleus located in the pons.

Oigin: Galea aponeurotica.
Insertion: Miscles and skin of the eyebrow and root of the nose.

Position/Activation: The patient is supine. The nmuscle is then
activated by either having them "winkle their forehead" or having
them fixate on a spot on the ceiling slightly superior (about 0.5
meters) froma point directly above their |ine of gaze. The

| atter should result in an associated slight activation of the
frontalis which should be evidenced by a winkling or furrow ng of
their forehead. If not, ask themto direct their gaze slightly
nmore superiorly until this occurs. This latter maneuver is quite
hel pful in single fiber EMG when mnimal increnents or decrenents
In activation are necessary.

El ectrode Insertion: The skin is slightly tensed between the
exam ner's index finger and thunb in a superior-inferior

direction. The needle electrode is then inserted between the
examner’s fingers into the first or second furrow above the
eyebrow, perpendicular to the long axis of its nuscle fibers. The
angle of the needle electrode insertion is about 30 degrees
anterior to the coronal plane.

Caveat: |If the electrode is inserted too close to the eyebrow, it
may penetrate the orbicularis oculi. The frontalis is relatively
thin and the needle electrode may quickly traverse it. If

additional sites are needed, insertion should be made nedi al or
|ateral to the initial site. Because the muscle fibers run in a
superior/ inferior direction, insertions inmediately superior and
inferior to the initial site should be avoi ded.
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Masset er

I nnervation: Mandi bular or third division of the trigem nal nerve
(cranial nerve V). It is in turn supplied by the notor neurons of
the notor nucleus of the fifth cranial nerve in the pons.

Oigin: Zygoma (superficial portion); inferior border and nedial
surface of the zygomatic arch (deep portion).

Insertion: Angle and ramus of the mandi ble (superficial portion);
superior ranmus and |lateral coronoid process of the mandi ble (deep
portion).

Position/ Activation: The patient should be supine and their head
and neck in a neutral position. The patient bites or clenches
their teeth together firmy, slightly protruding their mandible.
As this may be difficult or unconfortable for sone patients,
activation may be facilitated by having them clench their teeth
agai nst a padded tongue bl ade or simlar object.

El ectrode Insertion: Ildentify the m dpoint on the zygomatic arch
and go 2-3 cminferiorly where the nuscle should be easily

pal pable from activation as above. The exam ner isolates the
anterior and posterior borders of the masseter between two fingers
of their "free" (i.e., non-electrode holding) hand. The el ectrode
should be inserted slowy, perpendicular to the face, between the
examner's fingers that isolate the borders of the nuscle.

Caveat: |If the electrode is inserted too inferior to the
zygomatic arch, it may be in the platysma or other facial-
i nnervated nuscul ature; if too posteriorly, it will penetrate the

parotid gl and.
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O bicularis Cculi

I nnervation: Facial nerve (cranial nerve VII) supplied by the
notor neurons of the facial nucleus |located in the pons.

Oigin: Anterior surface of the nedial palpebral |iganent, the
maxilla and the nasal process of the frontal bone.

Insertion: Diffuse, as its nuscle fibers go around the orbit of
the eye, gradually blending in with adjacent facial mnuscles and
| i gaments.

Position/Activation: The patient should be supine and their head
and neck in a neutral position. The patient closes the eye to be
examned. If this is difficult or if the patient has difficulty
with gradual unilateral eye closure, have them simultaneously and
gradual ly cl ose both eyes.

El ectrode Insertion: \Wile palpating the activated nuscle and
slightly tensing the skin between the index finger and thunb, the
electrode is inserted with the other hand al nost parallel to the
surface of the skin. The needle electrode tip is directed
slightly anterior to the coronal plane at the level of the latera
canthus, just lateral to the edge of the orbit, deviating the

el ectrode inferior away fromthe globe (i.e., toward the tip of
the nose). It is useful to keep the exam ner's free hand or
fingers against the patient's orbital area so as to mnimze any
unwant ed head turning by the patient.

The Orbicularis Cculi is a very thin nuscle |ocated just
subcut aneously at this point and easily traversed if the el ectrode
is inserted too deeply, i.e., greater than 5 mmin nost

i ndi vidual s. An additional corridor may be exam ned by w thdraw ng
just subcutaneously and directing the electrode in a simlar
manner just described but in a superior direction. |If needed,
additional insertion sites may be nade nore inferiorly along the
edge of the orbit as described above.

Caveat: |If the electrode is too lateral to the orbit, the
el ectrode nmay penetrate the tenporalis nuscle.
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Orbicularis Oculi
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Orbicularis Ois

I nnervation: Facial nerve (cranial nerve VII) supplied by the
notor neurons of the facial nucleus |located in the pons.

Oigin: The nuscle fibers of other facial nuscles near the nouth
and is actually derived in part from other facial nuscles.

Insertion: Like the Obicularis Cculi, the Obicularis Ois has a
simlar diffuse insertion, specifically into the skin and nucous
menbranes of the lips, in addition to blending back into other
facial muscles.

Position/ Activation: The patient should be supine with his/her
head and neck in a neutral position. The patient is asked to
purse their |ips and protrude themas if to whistle.

El ectrode Insertion: Approximately one centineter away from the
verm|lion border of the lips in a position nmedial to the angle of
the nmouth. This can be either inferior or superior so as to avoid
interference from other facial nuscles (e.g. levator or depressor
angularis oris, zygomaticus nmajor, etc.) converging at the latera
angle of the nouth. The electrode should be directed toward the

lip.

Caveat: If the electrode is too far fromthe lips or too close to
the angle of the nouth (see above), it may penetrate other facia
I nnervated mnuscl es.
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Orbicularis Oris

Vermillion
Border of

http://www.casaengineering.com 100 Info@casaengineering.com



Electronic Myoanatomic Atlas for Clinical Electromyography

St er nocl ei donastoi d

I nnervation: By both the C2,3 nmyotomes known as the externa
ramus, or spinal portion, and the cranial portion, or interna
ranus, derived from the accessory nerve (cranial nerve Xl). The
notor neurons of the latter arise fromthe dorsal efferent nucleus
and caudal nucl eus anbi guus in the nedulla.

Oigin: Medial or sternal head via the manubrium the lateral or
clavicular head via the nedial third of the clavicle.

Insertion: Both heads insert on the |ateral nastoid process and
| ateral superior nuchal line of the occipital bone.

Position/Activation: The patient is supine with their head and
neck in neutral position. For unilateral activation, the patient
rotates their head and neck to the side opposite that being
studied while the exam ner isolates the anterior and posterior
borders between their fingers.

El ectrode Insertion: Identify the external jugular vein visually
or by gentle conpression at the base of the neck. The el ectrode
is inserted into the mdportion of the nuscle between the mastoid
process and the clavicle.

Caveat: Deep insertions through the nmuscle run the risk of
penetrating the major internal vascular structures of the neck.

) 5

Clavicle

Mastoid
Process

eidomastoid

@&
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Tongue (Extrinsic Muscle Geni ogl ossus)

I nnervation: Hypogl ossal nerve (cranial nerve Xll) supplied by
notor neurons of the hypogl ossal nucleus in the nmedulla. Sone
anatom sts feel that there may be a contribution by the first two
cervical nyotones.

Oigin: Mental spine.
Insertion: Tongue and the hyoid bone.

Position/Activation: The patient is supine with their head and
neck in neutral position. The Tongue is conposed of a nunber of
specific muscles that nove it in various directions as well as
participate in deglutition. For sinplicity of exam nation, the
geni ogl ossus is one of the major nuscles of the tongue that is
easily identified by its activation. The anterior nuscle fibers of
t he geni ogl ossus draw the tongue back into the nmouth. The
posterior muscle fibers draw the tongue forward, protruding the
apex of the tongue. The latter nmuscle fibers are nore inferior in
the base of the tongue. Wth both sides acting together, the
anterior and posterior nuscle fibers depress the tongue in the
mouth with the surface appearing concave from side to side.

The nuscle is optimally activated by having the patient
gently press the tip of his/her tongue against the |ower teeth
while the nouth is closed. This maneuver selectively activates
the nore posterior fibers of this large nuscle. Do not have the
pati ent extend their neck and head.

El ectrode Insertion: Define the mdpoint of the |ine between the
ment al protuberance of the mandi ble and the hyoid bone. The
electrode is slowy inserted mdway between this point and the
base of the mandible with periodic slight activation to confirm

| ocal i zati on.

Caveat: If the electrode is too superficial, it nmay be in the
nyl ohyoi d or geniohyoid. Conplete relaxation of this nuscle may
be difficult while the electrode is in situ. Relaxation is made
easi er by avoiding cervical extension
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Trapezi us (Upper)

Innervation: Via the C, C3, C4 nyotonmes known as the externa
ranmus or spinal portion, and the cranial portion or internal ranus
derived from the accessory nerve (cranial nerve Xl). The notor
neurons of the accessory nerve arise fromthe dorsal efferent

nucl eus and caudal nucleus anmbiguus in the nedulla. Sone

anatom sts consider the internal ranus to be predom nant in notor

i nnervation in the upper trapezius while the sensory
(proprioceptive) fibers are derived fromthe ventral ram of the
cervi cal mnyotones.

Oigin: External occipital protuberance and nuchal |iganent.

Insertion: Lateral third of the clavicle and acrom on process of
t he scapul a.

Position/Activation: The patient may be supine, prone or in the
| ateral decubitus position wth the side to be studied superior.
The shoulder is elevated as in a shoulder shrug and the posterior
and anterior borders of the trapezius isolated between the

exam ner’s fingers. There should be no associated |ateral neck
flexion made. If the patient has difficulty in maintaining their
neck straight wth a unilateral shoulder shrug, then have them
perform a sinultaneous bilateral shoulder shrug. The latter
shoul d keep their neck positioned straight.

El ectrode Insertion: Perpendicular to the trapezius ridge, about
2 cmlateral to the base of the neck in caudal direction parallel
to the sagittal and horizontal planes.

Caveat: If the electrode is deviated too anteriorly, it my
penetrate the |evator scapula nuscle.
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