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Operative Exposures in Peripheral Nerve Surgery is writ-
ten by one of the growing number of relatively young
neurosurgeons who are devoting a substantial portion
of their professional time to the peripheral nerve. The
author has established himself as a nerve surgeon who
is very devoted to the craft and able to transmit his
enthusiasm both through presentations and publica-
tions. As a result, this useful and unique text by Allen
Maniker is another good work to see published. Step-
by-step illustrations of the exposure of peripheral nerves
with an accompanying descriptive text are provided.
These are of great help to both the neophyte and the
veteran nerve surgeon.

One of the advantages of working with nerves as a
surgeon is the challenge of mastering and then using
in a practical way, anatomical knowledge. The physi-
ology of degeneration and regeneration and the mole-
cular biology of nerve are important but paramount is
the anatomy and how that changes with injury and dis-
ease. The relevant anatomy connected with major
nerves and their diseases and injuries touches on almost
every part of the body–head and neck, shoulder, arm
and hand, chest wall, abdomen, pelvis, groin, and leg
and foot. Moreover, the anatomy needed to operate
almost always changes case to case and day to day
unless the surgeon only does the simpler entrapment
releases. There is a definite satisfaction gained from dis-
secting out the relevant anatomy of an injured nerve or
plexus element, or a site of entrapment or locus of a
nerve tumor. Neural anatomy proximal and distal to
the lesion and nerves or plexus elements as well as ves-
sels, tendons, and muscles must be identified and pre-

served. To do this well requires preparation. Study of
anatomical texts and atlases helps us as do cadaver dis-
section courses. It is especially nice to have a text such
as this that emphasizes a step-by-step procedure for
each major nerve. These steps are demonstrated well
by the author’s meticulous dissection of exquisitely pre-
pared cadavers. Especially useful is the detail provided
about patient positioning as well as the soft tissue expo-
sures used to reach each nerve. Having had the plea-
sure of reading and re-reading this manuscript, I have
learned some new surgical information or been forced
to look at a given anatomic area a little differently and
that is always a good signature for a new work.

Others over the years have made drawings of vari-
ous nerve operations as portions of a paper or a chapter
or in some cases compiled them into one publication.
All of us who operate on nerves are greatly indebted to
them as well as to the many anatomists who have so
meticulously dissected and depicted almost all of the
relevant anatomy in each region subtended by nerves.
Added to this important literature is this outstanding
contribution by Dr. Maniker. My hope is that Dr.
Maniker, as well as neurosurgeons in other institutions
in North America, will continue to contribute to the
literature and to build a solid foundation for those who
care for peripheral nerve problems. In the meantime,
let us savor the many merits of this contribution.

David G. Kline, M.D.
Boyd Professor and Chairman
New Orleans, Louisiana
September 2, 2004
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In performing peripheral nerve surgery, as with any
area of surgery, knowledge of anatomy is of the utmost
importance. The surgeon must not only understand
the nerve anatomy but also be able to correlate neural
structures with their target muscles and sensory distri-
bution. Knowledge of the vascular and bony anatomy
is also essential to planning surgery. In much of nerve
surgery the normal anatomy is distorted, be it from
trauma, tumor, or other pathology and the surgeon
must have a clear anatomical picture of the normal
anatomy before proceeding. A properly planned inci-
sion and exposure will allow for the correct identifica-
tion of the vital structures as well as allow room in
which to perform the needed tasks. Frequently, sur-
geons must be familiar and comfortable working in
small confined operative exposures. However, periph-
eral nerve surgery often allows for the luxury of work-
ing in a more open, more exposed area. The surgeon
should take advantage of this ability so that the opera-
tive field includes normal nerve areas both proximally
and distally. Working from normal areas of nerve to the
abnormal optimizes the surgeon’s ability to appreciate
the anatomy and make correct operative decisions.

The specific nerve or nerves to be operated on and
the necessity of harvesting grafts will dictate much of the
positioning for an operation. Should intra-operative
EMG monitoring of muscles be utilized, the distal por-
tion of the limb may be draped out of the field so that
the needles and wires needed for the monitoring will not
be part of the operative field. If, however, the observation
of muscle contraction will be necessary and no monitor-
ing will be used, either the entire limb must be exposed

or clear plastic drapes should be available. In each case
the positioning and exposure must be thought out and
anticipated to suit the individual needs of the particular
operation.

In 2001, Drs. Kline, Hudson, and Kim published
their superb Atlas of Peripheral Nerve Surgery (Saun-
ders). Dr. Kline’s seminal text, through drawings and
preserved cadaver dissections, combined with his earlier
Nerve Injuries (Saunders) book presented the culmina-
tion of the work of a major force of modern peripheral
nerve surgery. It is hoped that this current text will
offer additional, complementary information and build
on the work of those who have served as my teachers
and mentors.

The major portion of the text will be devoted to
the anatomy, positioning, and surgical exposure of each
of the major nerves and nerve plexi of the body. In a
step-wise fashion, from the planning of the skin inci-
sion onward, with each of the anatomical landmarks
pointed out along the way, the surgeon will be guided
in the complete exposure of each nerve. 

This text should therefore serve as a reference to
any surgeon involved in nerve surgery and allow for an
easy to understand illustrated guide to nerve anatomy
and operative exposures.

I would like to extend a special thanks to Mr.
David Kleer, and to Dr. David Kline, Dr. Peter
Carmel, Dr. Dachling Pang, Dr. Michel Kliot, Sharon
Liu, Becky Dille, Kathleen Clarke, Solomon Caudle,
Pat King, Roger Faison, David Abkin, Paolo Varric-
chio, Lisa Furr, and Daniel Cutler.

Allen Maniker
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1. If you think it’s the nerve, it’s probably not.
2. Just as you are about to give up, you will find it.
3. By the end of the case it all looks like a nerve.
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ANATOMY

The brachial plexus is formed by the ventral primary
rami of C5 to T1. It provides innervation to the muscles
and skin of the upper extremity. Less often C4 con-
tributes a branch to C5 (referred to as a prefixed plexus)
and T2 contributes a branch to T1 (referred to as a post-
fixed plexus).1 The spinal nerves of the plexus emerge
from the neural foramina of the spinal column and travel
between the anterior and middle scalene muscles. They
descend over the first rib, posterior to the clavicle. The
dorsal rami, which are not part of the brachial plexus,
supply the muscles and skin of the dorsal neck.

In the lower part of the posterior cervical triangle,
just distal to the lateral border of the anterior and mid-
dle scalene muscles, the C5 and C6 spinal nerves unite
to form the upper trunk. Prior to this union, C5 gives
off the dorsal scapular nerve to the rhomboids and a
branch to the phrenic nerve. The C5 spinal nerve,
along with the C6 and C7 spinal nerves, give off con-
tributions to the long thoracic nerve to the serratus
anterior muscle. The C7 spinal nerve continues on as
the middle trunk. The C8 and T1 spinal nerves unite
to form the lower trunk.

The upper trunk gives off the suprascapular nerve
to the supraspinatus and infraspinatus muscles as well as
the nerve to the subclavius muscle. The brachial plexus
trunks lie in the posterior triangle of the neck behind the
posterior border of the sternocleidomastoid muscle. The
trunks lie deep to (in an anterior to posterior direction)
the skin, the platysma muscle, and the fascial carpet of
the posterior triangle.

Each trunk then divides into anterior and posterior
divisions. The anterior divisions of the upper and middle
trunks form the lateral cord. The anterior division of the
lower trunk continues on as the medial cord. The poste-
rior divisions of all three trunks converge to form the
posterior cord. These divisions are found at the level of
the clavicle, whereas the cords are found in the infra-
clavicular space.

The cords appear just distal to the clavicle, below
the tendinous insertion of the pectoralis minor muscle.
They are named according to their spatial relationship
to the axillary artery. The lateral cord gives off the lateral
pectoral nerve and then terminates as the musculocuta-
neous nerve and the lateral contribution to the median
nerve. The medial cord gives off the medial pectoral,
medial brachial cutaneous, and medial antebrachial cuta-
neous nerves, and then terminates as the ulnar nerve and
the medial contribution to the median nerve. The pos-
terior cord gives off the thoracodorsal and subscapular
nerves and then terminates as the axillary and radial
nerves. Although many variations have been reported,
true anomalies of this basic anatomy are rare.2

From the lateral cord the musculocutaneous nerve
innervates the biceps and the brachialis muscles. From
the posterior cord the radial nerve continues on to
innervate the triceps, brachioradialis, and extensor
carpi radialis longus muscles. The radial nerve finally
gives off the posterior interosseous nerve that inner-
vates the supinator, extensor carpi ulnaris, extensor
digitorum, abductor pollicis longus, extensor pollicis
longus, extensor pollicis brevis, and extensor indicis
muscles. Also from the posterior cord the axillary nerve
goes on to innervate the deltoid muscle. From the lat-
eral and medial cord the median nerve innervates the
pronator teres, flexor carpi radialis, flexor digitorum
superficialis, abductor pollicis brevis, flexor pollicis
brevis, opponens pollicis, and lumbricales I and II
muscles. The median nerve finally gives off the ante-
rior interosseous nerve to innervate the pronator quad-
ratus, flexor digitorum profundus I and II, and the
flexor pollicis longus muscles. From the medial cord
the ulnar nerve innervates the flexor carpi ulnaris,
flexor digitorum profundus III and IV, adductor pol-
licis, flexor pollicis brevis, palmar interossei, dorsal
interossei, lumbricales III and IV, and the hypothenar
muscles. The drawing in Figure 1–1 presents an
overview of brachial plexus anatomy.

3

1

BRACHIAL PLEXUS
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POSITIONING AND SURGICAL EXPOSURE

Exposure of the brachial plexus anteriorly may be
divided into the supraclavicular and infraclavicular
approach. Posteriorly the brachial plexus may be
exposed from a posterior subscapular approach.3 When
working anteriorly the supra- and infraclavicular
approaches can be combined for the full exposure of
the plexus or tailored to expose the desired area of the
plexus. The supraclavicular portion of the approach
exposes the roots, trunks, and the proximal portion of
the divisions. The infraclavicular portion of the
approach exposes the distal portion of the divisions, the
cords, and the terminal branches of the brachial plexus.

Supraclavicular

For an anterior approach to the brachial plexus, the
patient is placed in the supine position with a bolster or
towel between the shoulder blades to obtain a small
amount of neck extension. The head is placed in a
slight amount of extension and turned 45 degrees
toward the contralateral side. The arm is placed
abducted on an arm board. If grafting is anticipated,
both lower extremities below the knee are sterilely
prepped and draped to allow for sural nerve harvest-

ing. If other sources in the upper extremity such as
medial brachial or antebrachial cutaneous nerves are to
be used for grafting, then the entire arm should be
prepped. Positioning should allow the surgeon to work
from superior to the clavicle as well as inferior to it in
an unobstructed manner. The arm board should be
mobile enough to also allow the surgeon to abduct or
adduct the arm at the shoulder as necessary.

The incision follows the posterior border of the
sternocleidomastoid. Begin at the angle of the jaw and
follow the border of the muscle inferiorly to the clav-
icle. It is easiest to palpate and draw out the posterior
border of the muscle prior to turning the head to the
contralateral direction. This should be done before
prepping and draping the patient to facilitate easier
visualization of all pertinent landmarks. Once at the
clavicle the incision turns laterally and follows the
superior border of the clavicle out to the lateral third
of the bone. If the exposure is to be combined with
the infraclavicular approach, the incision crosses the
clavicle between its middle and lateral third portions
and continues onto the anterior chest wall (Fig. 1–2).
The skin should be infiltrated with a vasoconstrictive
agent such as lidocaine 1% with epinephrine in a
1:100,000 concentration prior to incision. The skin is

4 • SECTION I ANATOMY, POSITIONING, AND SURGICAL EXPOSURE: UPPER EXTREMITY

FIGURE 1–1 Drawing of brachial plexus anatomy.
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divided, exposing the platysma muscle (Fig. 1–3).
The platysma muscle is then divided (Fig. 1–4). The
skin, along with the platysma, is then raised and
retracted (Fig. 1–5). The plane immediately subadja-
cent to the platysma is an avascular one and easily dis-
sected bloodlessly. The operator should also be aware
that the spinal accessory nerve lies close to the apex of
the incision superiorly and care should be taken to
protect this nerve. The external jugular vein, which
crosses the field obliquely, is ligated and excised. The
clavicular (“cleido”) portion of the sternocleidomas-
toid muscle is removed from the clavicle with the elec-
trocautery. The sternocleidomastoid muscle is then
retracted medially (Fig. 1–6).

Clearing the thin layer of fat just posterior to the
sternocleidomastoid reveals the tendon of the omohyoid
muscle, and if medial enough, the internal jugular vein
(Fig. 1–7). The omohyoid is then either retracted4–6 or
divided and then retracted (Fig. 1–8). If the muscle is
divided, it is useful to tag the ends with silk suture. This
suture may then be used both for retraction during the
case and for reapproximation at the completion of the
case. The supraclavicular fat pad, immediately posterior
to the omohyoid, is then dissected free in a lateral direc-
tion (Fig. 1–9). This fat should be preserved for use at
the completion of the case to refill the supraclavicular
fossa. Preserving this fat allows for a less hollowed out,
cosmetically superior appearance to the supraclavicular
area.7 Furthermore, the fat serves as a protective layer
over any nerve grafting that may have occurred. After
the fat pad and the omohyoid are retracted, the ante-
rior scalene muscle is then visible medially under a thin
layer of fat that is also then removed. The phrenic nerve
lies on the anterior scalene muscle surface (Fig. 1–10).
This nerve should be identified and protected (Fig. 1–11).

The phrenic is then traced superiorly until it joins
the C5 spinal nerve (Fig. 1–13). The C6 spinal nerve is
then deep and slightly inferior to the C5 spinal nerve
(Fig. 1–14). The combination of the C5 spinal nerve
and the C6 spinal nerve forms the upper trunk (Fig.
1–15). The C7 spinal nerve is located just inferior and
deep to the C6 root (Fig. 1–16). The C7 spinal nerve
forms the middle trunk. The lower spinal nerves and
trunks course in a more horizontal direction in dis-
tinction to the upper spinal nerves and trunks, which
have a more oblique course.8 The lower trunk is then
identified (Fig. 1–17). The C8 and T1 spinal nerves
are then identified (Fig. 1–18). To visualize the lower
spinal nerves more easily, the anterior scalene muscle
may be resected. If this is done, the phrenic nerve,
which usually lies atop the muscle, as well as the inter-
nal jugular vein, which lies medial to it, must be pro-
tected. The lower spinal nerves may also be partially
obscured by the subclavian artery as it arcs rostrally
(Fig. 1–19). Care must be taken to avoid vascular
injury to this large, important vessel. Often, especially
in the distorted anatomy seen with brachial plexus
trauma, final identification of the lower spinal nerves
and trunk must be delayed until identifying the medial
cord in the infraclavicular plexus approach and tracing
it proximally. The trunks, when identified, are then
traced out distally until reaching the divisions. As the
upper trunk is traced distally, the suprascapular nerve
to the infraspinatus and supraspinatus muscles are iden-
tified (Fig. 1–20). With the completion of this identi-
fication, attention then turns to the infraclavicular
plexus and approach.

CHAPTER 1 BRACHIAL PLEXUS • 5

NOTE: Retraction in most nerve surgery is done with
self-retaining retractors. Blunt-tipped retractors are
preferred so as to avoid a sharp injury to the nerve
from an improperly placed retractor. However, when
a self-retaining retractor is not useful, a silk suture
may be placed through the structure to be retracted
and the suture then clamped to the drapes.

NOTE: In cases of severe brachial plexus trauma, the
phrenic nerve may be completely encased in scar and
indistinguishable from the fascia of the anterior sca-
lene muscle. If it is not identifiable visually, the area
can be given a low (0.5 mV) direct electrical stimula-
tion, which causes a diaphragmatic contraction that
can be appreciated by the surgeon’s direct palpation
of the diaphragm beneath the rib cage or by the
deflection on the anesthesiologist’s CO2 monitor
(Figure 1-12).
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6 • SECTION I ANATOMY, POSITIONING, AND SURGICAL EXPOSURE: UPPER EXTREMITY

Midline

Angle of mandible

FIGURE 1–2 Incision for exposure of the
supraclavicular and infraclavicular brachial
plexus. For supraclavicular exposure the incision
extends from the level of the angle of the
mandible and follows the posterior border of
the sternocleidomastoid muscle to the clavicle.
The extent of the clavicle is marked (*) and
divided into thirds. The incision crosses the
clavicle between the middle and distal third of
the clavicle. The incision for the infraclavicular
exposure begins at the point delineated by the
white arrowhead and moves inferiorly into the
deltopectoral groove.

FIGURE 1–3 Skin divided, platysma exposed.

Platysma
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