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INTRODUCTION

n civilian practice there 15 rarely 2dequate
terial available to any one man or any
up of men for extensive study of periph-
| nerve problems. All the outstanding
aciples have been founded for the most
t on ammal expenimentation 1 the lab-
tory

[hanks to the excellent policy of the
'geon General s Office, and the persistent
{ untinng interest of R. Glen Spurling and
mes Woodhall 1t has been possible to re-
r and follow up the vast number of cases
nerve 1njuries, which were incurred 1n
orld War 11, to complete recovery As a
ult many wmportant principles were
roed.

Duning an extended perniod of service at
skeman Hospital Center, we personally
served repaired and followed the prog-
3 of 2037 penipheral nerve mnjunes. The

i

majonity of these were followed to the point
of maximum recovery This was possible be-
cause the four to five thousand bed con-
valescent hospital was a part of the hospital
center

On analyzing our fortunate results we de-
cided that they were largely due to the new
and original vanattons in techmque de-
veloped 1n our service

1 am most grateful to Colonel H § Con-
ner, Commanding Officer, Lieutenant Colo-
nel Caleb S Stone Jr, Colonel Truman
Blocker, Licutenant Colonel A. McCravey,
and Lieutenant Colonel Sam Banks not only
for their inmistence that we record our re-
sults 1n this volume but especially for per-
mutting me to innovate origmnal procedures
and for encouraging the cooperation among
our departments in behalf of this work.

Eyvmu Sererz
Los Angeles, Cahfornia
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PRINCIPLES AND TECHNIQUE OF NERVE SURGERY

ANATOMICAL CONSIDERATIONS

All the major nerve trunks hie deep, n
proximuty to major blood vessels, therefore
proper exposure 1s an important factor in
surgical techmque

In using the longitudinal incisions, 1t was
considered jusnfiable to continue the mn-
cistion even across flexion creases in order to
obtain proper expasure Followng through
our extensive series of convalescent patients,
we were impressed by the vast number of
deformuties and contracture scars following
clecnive extremuty surgery Careful evalua-
tion of these scars revealed that these de-
formuties were produced when the mcwmons
had been carried across joines and perpen-
dicular to flexion creases. From these obser
vatons we concfuded that the skin incisions
must be planned so as not to cross a flexron
crease

Correct and mncorrect (old and new) sn-
cimons are tllustrated in Figs. 1—11 The new
and modified sncisions and new susgical ap-
proaches presented in this monograph are
based on the surgery and study of 203y
penpheral nenve lesions, These new pro
cedures were fiest antroduced n a2 pre-
brmunary report in 1945 and are now pre-
sented 1n detal,

The drawings of the surgical exposures
were made 1n the operating room at the ume
of surgen

The incisions of the extremuties hnve for
the most part been divided into rhree parts.
This 1s especaally true for incisions about the
cubital and popliteal fossae One pare alone

s usually sufficient for repar of the nerve,
while two or all three parts may be used
when re routing as well as when repar 13
necessary (Figs 12-1%)

Figs. 16 and 17 show the advantage of che
transclavicular approach to the brachial
plexus over the method 1n which resection
of the clavicle 1s used

In devising the new mncisions, adherence to
the following surgical prineiples was found
to be of utmost imporeance

1 Adequate exposure of the snjured
nene

1 The approach to deeply lying nerves
53 made through fascial planes, rather
than by pencerating through muscle
substance

3 If a muscle muse be penetrated, it 1
alnays splic 1n the dircction of s
fibers.

4 When a muscle must be divided, 1t 15
severed only at 1ts poine of fascual
attachment so chat 1t may be cauly
repared

5 Maming operations, such as shorren-
ing of a normal long bone, or re-
section of a clavicle, are avoided
when posuble (Figs. 16 and 17)

6 Skinincinions thae are perpendicular
to flexion creases must be svoided,
since 3 traction scar will invanably
result Not only 15 the skin involved
m the production of tractson scary
but subcutaneous tissues and fasesal
layers as well (Figs 2 46 7)
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Fgure 1 Correct incision. An Infraclevicular Incinon for
the exposure of the brachial plexns beneath the pectoralis
mapor arascles,



PRINCIPLES AND TECHNIQUES OF NERVE SURGERY

Tgure 2 Incorrect inasion. A tracuon scar resalting
from an crroncoutly planned infrachimcular incrion crowung
the antenor sxillin fold.
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Figure 1 Correct incusion. An mfraclivicolar incmon for
the exporure of the brachul plexin beneath the pectorals
major muscles,
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T gure 2 Iocorrect doctsion, A tracton saar resulung
from an erroncowly planned infraclavscular ncnion crosung
the antenor axlliry fold
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Figure 3 Correct incinion. A transverse axdlary mncson
for the explomation of the brachlal plexus.
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Figure 4 Incorrect incisron. A tracton scar resaltung
from an mcuwon perpendwcular to the fexion crease at the
axills,
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Figure 5 Correct inchsion. The author s Z4haped incluon
of the arm and culxtal space (post-operative) Through thr
mcoion, re-touting and seurorrhaphy of the medan nerve
wis performed
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Tgure 6. locorrect anclsfon. A tracuon scar resulung
from 1n mc1son perpend culir to the flemson crease at the
cubital fosua following » medun aerve repair
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Figure 7 Cofrect Inciuon. A tran  erse menwon for cx
porare of the mecdan and ulnar nerves ac the wrise,
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Figure 8 Iocorrect incton. Traction scan rawnlung from
mciem perpendiculac to the flexon crease at the wrnt.
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Figure 9 Correct incision. A combined Incluon for ex
poung the media nerve 1o the forearm and o the hand,




PRINCIPLES AND TECHNIQUES OF NERVE SURGERY

Figore 10. Correct inclsion.  The incruon shown fa Figure
nme with the wound open,
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Fygure 11 An incinon following 1 flexbon creass In the
popliteal space for exporure of tha tibul nerve
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Tigure 12 An incuon for exploratson and re ronning of the
mcdun eerve 1n the grm and forearm.
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Figure 13 An exporare of the medun nerve and blood ves-
sels in the arm and forearm by use of the combened wmctson
&1 shown 1n Figure 11 The medun nerve s elevated by che
mtrunsnt.
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Figure 14 An incmon for explonng the tibul, and peroneal
nerves m the region of the poplireal foss,
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Figare 16 A deformury of the clavicle often rerults when
following a subpenosteal resection of the clavicke 10 brachu!
plexus exposure.
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Fyure 17 A tramclivicular approach (post-op )
mtegrity of the clavicle Is mamuuned when tnns:hvu—ul:r
approach s msed for 1 brachu! plexur exporare.
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TIME OF NERVE REPAIR

Nerve repair may be performed immedi-
ately, when laceratons of soft tissues are ac~
companied by injuries to peripheral nerves,
providing the 1mjury 15 not associated with
extensive loss of nerve substance ' Primary
skan closure 15 always preferred in these
cases. When 1t 15 found necessary to pack the
wound or wnsert a drain the nerve should be
approxumated with a few sutures to prevent
additional retraction of the nerve ends and
to enable nerves to be more easly found at
subsequent procedures Mildly infected
wounds may be closed by secondary suture
as soon as a granulating surface 1s reasonably
clean.” Nerve repair may be attempted with-
in three weeks after secondary closure, if 1n-
fection has subsided The delay of nerve re-
parr of from four to six months has now
been abandoned Nerve healing wll result in
most 1nstances, even when wound infection
1s present.’ In recent expenmental studies,
Davis has shown that a peripheral nerve 1s
more reastant to ifection than are the
muscles, tendons, fat or fasciae*

CHEMOTHERAPY

Sulfadiazine, given one gram by mouth
every four hours for three days combined
with twenty to thirty thousand umts of
pemcilhin every four hours for three days
following surgery 1s a most satisfactory
method of preventing infection 1n a poten-
tally contaminated wound This was carried
out an a series of over seven hundred con-
secutive nerve repairs at Wakeman General

Searf J L The vorpcal treatment of myanes { the bram, puasl cord aad ot pheeal menven. Sa 3 Gymee ¢~ Obit,,
"Sardag, R Gt Penphenal nene rargery tech wal comudmton § Nearot g1 1yy-148 1944

Hospital without a single serious wound 1n-
fection® Sulfadiazine, given by mouth n
above dosage, has been much more effective
than a local application 1n cleaning up, as
well as 1n preventing, infection Wet dress-
1ings of concentrated penicillin to an infected
wound, however, have been very effective.

FROZEN SECTION NEUROMA
EXAMINATION

Vital stmmng and frozen secuon tech-
nique of neuroma examunation of Antopol®
1s the only sure way of removing neuroma
and scar tissue from both the central and
penipheral ends of severed nerves. Results of
a series of over eight hundred nerve repairs
1 which this was performed testfy to the
excellence of this procedure '

TECHNIQUE OF NERVE SUTURE

Accurate approuimation of the em-
neunium with interrupted sutures of smlk
after complete removal of scar and neuro
matous tissue 1s the method of choice 1n nerve
repatr The author does not favor any of the
sutureless techmiques since they will not hold
in the presence of excessive tension Tantal-
lum foil cuffs or other cuffs are believed to
act deletenously by preventing the nerve
sheath from contact with adjacent viable
ussues and tissue juices* To quote Loyal
Davis, "The 1deal surgical method of repair-
ing a peripheral nerve injury 1s an end to-end
apposttion of the divided ends at the eacliest
possible moment following division with the

495434 1949

*Dave, Lt Periphers] serv curgens Sa g Goace &~ Obst, §o 4agmgaé
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Figure 17 A Lavscular b (post-operative) The
integnty of the clavicle v mauntaned when transclanicular
pproach Is ased tor a brachul plex s exporure.
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TIME OF NERVL REPAIR

Nerve repair may be performed immed:-
ately, when lacerations of soft tissues are ac-
compamed by njunes to penipheral nerves,
proniding the wjury 15 not asocated with
extennve loss of nerve substance ' Pimary
skin closure 15 always preferred in these
cases, When it ss found necessary to pach the
wound or insert a drain, the nerve should be
approxsmated with a few sutures 1o prevent
addional retraction of the nerve ends and
to enable nerves to be more eanly found at
subsequent  procedures. Mildly infected
wounds may be closed by secondary suture
25 500n as 3 granulanng surface 1s reasonably
clean* Nerve repair may be attempted with-
1n three weeks after secondary closure, of in-
fection has subsuided The delay of nerve re-
par of from four to six months has now
been abandoned. Nerve healing will resule in
most instances, even when wound infection
1s present’ In recent expenmencal studies,
Davy has shown that a penipheral nerve 13
more resistant to infecnion than are the
muscles, tendons fat or fascize *

CHEMOTHLRAPY

Sulfadiazine, given one gram by mouth
every four hours for three days combined
with twenty to thirty thousand unus of
pemcrllin every four hours for three days
following surgery 15 a most satisfactony
method of prevenning infection in 3 poten-
tally contaminated wound This was carned
oaut in a senies of over seven hundred con-
®cutive nerve repairs at Wakeman General
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Hospital wathout a single serious wound 1n-
fecnon.* Sulfadiazine, given by mouth n
above dosage, has been much more effective
than a local application in clearing up, as
well as 10 preventing, infection Wet dress-
ings of concentrated penicilhin to an nfected
wound, however, have been very effective

FROZEN SECTION NEUROMA
EXAMINATION

Vital staining and frozen section tech-
mque of neuroma examination of Antopol*
1s the only sure way of removing neuroma
and scar tissue from both the central and
penpheral ends of severed nerves Results of
a series of over eight hundred nerve repairs
in which this was performed testify to the
excellence of this procedure ’

TECHNIQUE OF NERVE SUTURE

Accurate approximation of the epi-
neunium with mterrupted sutures of nik
after complete removal of scar and neuro
matous tissue 13 the method of chotcein nerve
repair The author does not favor any of the
sutureless techmques since they will not hold
n the presence of excesuve tension ‘Tantal-
lum foi cuffs or other cuffs are believed to
act deletenously by prevenuing the nerve
sheath from contact with adjacent viable
tissues and mssue juices* To quote Loyal
Davss, "The rdeal surgical method of repair-
ing 2 penpheral ners e ingury 1s an end-to-end
apposition of the divided ends at the eachest
posuble moment following diviston with the
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22 SURGERY OF PERIPHERAL NERVES

finest posuble suture matenal which passes
through the epineurium of the nerve trunk

Whle 1t 13 of paramount importance to use
as fine a suture materal as posnble, yet 1t has
been found unwise when dealing with nerves
under great tenson to use suture materal so

fine that 1t will break or cut the sheath.

SLING STITCH TRANSFIXION
SUTURE

A shing stitch or transfizion suture should
never be used. The only excuse for thus type
of suture 1s when apposition of the nerve
ends 13 mmposuible without it. Tantallum
sutures are difficult to handle time con-
sumung and have a tendency to cut through
the sheath when under tenmon. However
excellent results with the use of tantallum
sutures have been observed

RETENTION SUTURE
(TRACTION SUTURE)

In order to relieve tenson at the mte of
nerve repair 2 well planned traction suture
18 placed through the epineurrum only and
anchored to some fixed area adjacent to the
nerve

SHEATH DISTENSION AND FIBRIL
ALIGNMENT

Following the suture of a divaided nerve
one or more cubic centimeters of normal
saline, or preferably one per cent novocaine
1s nstilled intra-neurally into the central
end about one cenumeter from the point of

nerve suture and directed toward the periph
eral end The sheath at the point of suture
15 distended, any projecting fibrls are di
rected inside the sheath and all the fibrls
are aligned in the proper direction (Fig 18)

ANESTHESIA

Local anesthesa 1s the anesthetic of choice
for all peripheral nerve repair Since many of
these repairs entad extensive exploration and
e routing use of local anesthesia avoids the
unnecessary risk of long protracted general
anesthetics These patients are ambulatory
and may have regular diet within twenty
four hours. Local anesthesia necessarily pre
supposes more careful handling of all tissues,
especially the nerves. In a senes of over one
thousand peripheral nerves repaired all but
eight were performed under local anes-
thesia. Electrical tests on the exposed nerves
may best be carried out with the patient
awake and cooperative Only under local
anesthema does one learn to have proper re
spect for tuissues. Local infiltration also serves
the excellent functions of ussue and layer
separation and of hemostass.

USE OF TOURNIQUET

The author agrees with Spurling that 2
tourniquet need never be used in peripheral
nerve repair A clean dry field and most satis
factory circumstances can only be obtamed
by avoiding the temporary dry field and pos
nbly injunous constricting effect of 2 tour
mquet.” *

“Spdgel, J L aad Lawin P Tomigser paralyshi. Aralyele of three cases { rrgheally proved perfpheral merve demege followlns wé

of rabber 1oorniquet. JABA, 1 5.4) ~35 349

™Deuny Brown ead Besmncr Caa Panslysle £ merv by lndoced, direct presenre and by tourniqmee. Arch. Nesrsl, & Pryehiat s1im &
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finest possible suture matenal which passes
through the epineurrum of the nerve trunk.
While 1t 15 of paramount importance to use
as fine a suture matertal as possible yet 1t has
been found unwise when dealing with nerves
under great tension to use suture matenal so
fine that 1t will break or cut the sheath.

SLING STITCH TRANSFIXION
SUTURE

A shing stitch or transfixion suture should
never be used. The only excuse for thus type
of suture 15 when apposition of the nerve
ends 15 mmpossible without it. Tantallum
sutures are difficult to handle, tuime con-
surming and have a tendency to cut through
the sheath when under tension. However
excellent results with the use of tantallum
sutures have been observed

RETENTION SUTURE
(TRACTION SUTURE)

In order to relieve tenson at the ste of
nerve repair a well planned traction suture
1s placed through the epmeunnum only and
anchored to some fixed arez adjacent to the
nerve

SHEATH DISTENSION AND FIBRIL
ALIGNMENT

Following the suture of a divided nerve
one or more cubic centimeters of normal
saline or preferably one per cent novocane
15 instilled intra-neurally into the central

end about one centimeter from the pomt of

nerve suture and directed toward the periph
eral end The sheath at the point of suture
15 dustended, any projecting fibrils are &
rected inside the sheath, and all the fibnly
are aligned 1n the proper direction (Fig 18)

ANESTHESIA

Local anesthesia 1s the anesthetic of choice
for all peripheral nerve repair Since many of
these repairs entail extensive exploration and
re routing use of local anesthesia avords the
unnecessary risk of long protracted general
anesthetics. These pauents are ambulatory
and may have regular diet within twenty
four hours. Local anesthesia necessanly pre
supposes more careful handling of all tusues,
especially the nerves. In a senies of over one
thousand penpheral nerves repared, all but
eight were performed under local anes
thesa. Electrical tests on the exposed nerves
mav best be carried out with the pament
awake and cooperative Only mnder local
anesthesia does one learn to have proper re
spect for tissues Local infiltration also serves
the excellent functions of tissue and layer
separation and of hemostasis.

USE OF TOURNIQUET

The suthor agrees with Spurhng that 3
tourniquet need never be used 1n penpheral
nerve repair A clean dry field and most sans-
factory circumstances can only be obtawned
by avoiding the temporary dry field, and pos
nbly injurious, constricting effect of a tour
mquet. **

*Spcgel, ) L and Lowin, P Tournlqmet paralysh. Amdysls § three cooes  f eurpaally proved pertphenl merve dumags following =4

of rabber cowrsbqoer JAMAL 13433435 1a4g

Denay Browa and Beromer Ci Panlysis f neeve by induced direct pressare and by ourniquer. Arch Newrol. & Prychust 3 -&
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ELECTRICAL TESTS OF THE
EXPOSED NERVE

Electrical stmulation of the exposed nerve
1s of value in quesuonable cases and 1n 1n-
complete nerve wnjunes. It 1s also of value
10 outhning the extent of 2 "neuroma in con-
nnuity involving only a porton of the
nerve It has been successful in selecting the
sensory fibnls 1t treatment of certain cases
of causalgiz, “selecuve fibnl section.”
Electrical stimulation 15 of defiute value in
determining the physiological continuty of
a nerve

COMBINED INJURIES

When bone and nenve lesions co~exist the
nerve lesion 1s of primary consideration and
1ts repair must take precedence for the fol-
lowing reasons

1 Bone 1s of value only when 1t serves for
attachment of normal muscles, and will
never function uanl a Live nerve serves the
muscles.

2 In a compound wound of bone and
nerve many months of healing followed by
a prolonged period of convalescence 1s
necessary before bone surgery may be per-
formed In those cases where bone grafung
1s performed a prolonged period of many
months 15 again required for healing These
cases are often further complicated by ex
tensive soft tissue loss so that studl more delay
1s required for plastic repair Therefore if
nerve repair 1s postponed unti bone repair 1s
complete an extensive delay of from six to

twelve months may occur Postponement of
nerve repair may result in

a. Conmninued retraction of nerve ends

b Excessive neuroma formation

¢ Extennive atrophy and fibrosis of
muscles

d. Ankylosis and malposturing of
joints

¢ Faulty or delayed heahng of bone

Therefore, when bone and nerve injury co-
exist, nerve repair must be granted primary
consideration.

CARE OF THE JOINTS

Proper care of the paralyzed jounts whie
the nerve 1s growing 1s paramount. Keeping
a joint mobile until the nerve function re-
turns 1s comparable to continued artificual
respiration until normal breathing returns.
Only those who reahize the full sigmficance
of this companson will be able to obtsin full
cooperation from their panient, for rehabili
tation of a paralyzed joint does not mean an
occasional fifteen rmnute physotherapy
seance but requires several hours a day of
continuous work by the patient upon the
paralyzed joint. The remaiming normal upper
extrermity may be used to mobilize the yoints
of the injured one The difference 1n the rate
of return 15 vast in 1nstances where the
patient had a purpose or reward as hus goal
Once a joint starts moving the place for con
valescence 1s at home

CARE OF THE ANESTHETIC PART

Avoid mjury to the numb hand or foot.
Protect the paralyzed hand with a thn
leather glove while attempting to work, and
a warm woolen or sheep lined glove whenex
posed dunng winter

SPLINTS

Proper splinting without rigid immobilizs
tion 1s of chief importance Fatlure to prop-
erly splint 2 wrst will result in permanent
mjury to the mobility of the wrst pomt.
Avord smmobilization of a normal jomnt.
About thirty per cent of the soldiers ad
mutted to Wakeman General Hospital with
splinted arms had normal bones and jomts
Faulty sphnung and faulty joint postunng
result 1n permanent injury Tight sphnting
and bandaging produce 1schemuc contrac
ture of the whole arm—muscles and nerves
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e

Figure 10. The facleas of s paratrooper with medhn nerve
cxunlgis of nine months doration.
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Figure 21 The patsent 1n Figure 20 (eight weeks post-oper
atve) There has been resectson of soft nevoma of the
median perve i the arm.
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OVERCOMING EXTENSIVE GAPS

The methods used for overcoming exten-

sive gaps in nerves are those descnibed by
Babcock 1n 1917," and Naffziger 1n 1921 **

1 Utibzing the normal slack 1n nerves
Two or three cenumeters may be ob
taned mn any of the long nerves by
using adequate exposure and by prop-
erly freemng the nerve.

2 Jomt posturing (Fig 19)

2. Flemion of the wnst gives four
centimeters to the median and
ulnar nerves.

b Adductuon (elevation) of the
shoulder gives seven centimeters

- slack to the radial nerve

¢ Rotation of head to opposite side
gives one or two centimeters of
slack to roots of brachual plexus.

3 Bulb suture and stretching
Two- or three stage operations.

4. Transplanting or re routing of nerves
Thus 15 especially applicable to the
median ulnar and tibia] nerves, illus
trated 1n anatomucal drawings. In re-
routing of nerves, great care must be
taken to save all muscular branches.
Thus 1s accomplished by splitting the
sheath and stnpping back the twigs.
A motor twig need never be sac
nficed 1n re routing a nerve

CAUSALGIA—SURGICAL
MANAGEMENT

Causalgia 1s the term applied to excru-

clating burmng pain that may develop fol

Sarg Gym

lowing mnjury to the median and 1
nerves This pan 15 of such severity
patients become morose, fearful, lose al
terest mn their life and surroundings an
improperly treated, become narcotic add
While the greatest percentage of cures
been reported following sympathecte
other procedures have been used with |
results Pain relief following sympathect
135 not always complete

The first treatment of causalgia shoul
directed toward careful explorauon of
area of the injured nerve involved. A se
causalgia cannot be cured by neuro
alone, but if novocaine mjected centr:
the injured part will temporanly stop
pan, then resecuon of the scar followec
neurorrhaphy will result 1n 2 complete ¢
Fifteen such cases were recently cured 1
this procedure by the author (ten me
and five tibial) The causalgic pains did
return after regeneration of the nerve '
author 13 well aware thar this procedure !
performed many years ago 1s now ¢
sidered obsolete by many operators ne
theless, 1n carefully selected cases the res
are excellent. These cases must be attac
carly dunng the first four or five month:
their pan, before an irreversible pain p2
way 15 lud down, before the patient becor
addicted to narcotic drugs, and bet
morale 15 completely destroyed When
peated sympathetic blocks fal to gve €
temporary relief resection and suture offt
better chance of cure than does surg
sympathectomy

Thibcock ¥ W A caadard techmsque for operanons om peripheral merves with eipectal reference to the clomre of lurge §

Obt g1 364378 g 7
N H

4C M hod to swecwrs ead to ead ewture { perpberal nerves Sag Gywee & Obit 3
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OVERCOMING EXTENSIVE GAPS

The methods used for overcormng exten-
nve gaps in nerves are those described by
Babcock 1n 1917 '* and Naffziger 1n 1921 ™*

1 Utdizing the normal slack in nerves
Two or three centimeters may be ob
tained 1n any of the long nerves by
using adequate exposure and by prop
erly freeing the nerve

2 Jont posturing (Fig 19)

a. Flexion of the wnst gives four
centimeters to the medan and
ulpar nerves.

b Adduction (elevation) of the
shoulder gives seven cenumecters

~  slack to the radial nerve.

¢ Rotation of head to opposite sde
gmives one or two centimeters of
slack to roots of brachial plexus

3 Bulb suture and stretching
Two- or three-stage operations,

4. Transplanting or re routing of nerves
This 1s especially applicable to the
median, ulnar, and tibial nerves 1lus
trated 1n anatomucal drawings, In re-
routing of nerves great care must be
taken to save all muscular branches.
Ths 1s accomplished by splicting the
sheath and stnpping back the twigs
A motor twig need never be sac-
rificed 1n re routing a nerve.

CAUSALGJA—SURGICAL
MANAGEMENT

Causalgia 1s the term applied to excru
ciating burming pain that may develop fol-

lowing injury to the median and t
nerves. This pain 15 of such severity
patients become morose, fearful, lose al
terest 1n their life and surroundings an
wmproperly treated, become narcotic 2dd
Whule the greatest percentage of cures |
been reported following sympathecto
other procedures have been used with g
results Pain relief following sympathect
1s not always complete

The first treatment of causalgia shoul(
directed toward careful exploranon of
area of the injured nerve involved A se
causalgra cannot be cured by neuro
alone but 1f novocaine injected centra
the injured part will temporanly stop
pan then resection of the scar followed
neurorrhaphy will result 1n a complete ¢
Fifteen such cases were recently cured v
this procedure by the author (ten mec
and five tibial) The causalgic pains did
return after regeneration of the nerve. ™
author 1s well aware that this procedure, £
performed many years ago, 15 now ¢©
sidered obsolete by many operators, nev
theless, 1n carefully selected cases the ren
are excellent These cases must be attacl
carly dunng the first four or five months
their pun before an icreversible pun p2
way 1s lard down before the patient becor
addicted to narcotrc drugs, and bef
morale 1s completely destroyed When
peated sympathetic blocks faul to give &
temporary relief, resection and suture offe
better chance of cure than does surgt
sympathectomy

PBabeock ¥ % A usdard tecbrique for eperations on peripheral nervey with eipecul referace o the closars of largy §
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II

THE HAND

The most important consideration 1n 1n-
junes to the penipheral nenves of the upper
extrermity 15 the involvement of the hand
In fact the development of the hand and of
b1 nocular vision arc the two factors con-
sidered responsible for the evolution of man
For the hand 1s the antenna of the brain

In discussing the 1njuries to the penpheral
nenves of the upper extremmty so many ref-
erences are made to paralysis and deformty
to the intnnsic muscles of the hand that 1t s
essential to be able to clearly visnahze the
normal anatomy of the hand

THE INTEROSSEI MUSCLES
(4 Dorsal—3 Volar)

The interosser he 1n the intervals between
the metacarpal bones. They insert imnto the

dorsal aponeuroses of the fingers on the
basal phalanges.

DORSAL INTEROSSEI

Origin
Two heads from the borders of adjacent
metacarpal bones,

Insertion

Into first, or basal phalanges of fingers

wnto dorsal aponeurosis (Fig 22B) First

and second insert into radial side of second

and tlurd fingers. Third and fourth wnsert

nto ulnar mde of third and fourth fingers.
Action

Abduction of fingers. Extension of third

and second phalanges. Flexion of first
(basal) phalanges.

1nnervation
Ulnar by deep volar branch

VOLAR INTEROSSEI

Origin
By a single head First from ulnar border
of second metacarpal Second from radial
border of fourth metacarpal Third from
radial border of fifth metacarpal

Insertion
First into ulnar side of dorsal aponeurosis
of second finger

Action

Abduction (spread) of fingers Extension
of fingers as interosser Flexion of fingers
as interosset,

Innertation
Ulnar deep volar branch.

LUMBRICALES MUSCLES
Origin

From tendons of flexor digitorum pro-
fundus. Second and third—origin by one
head. Fourth and fifth—ongin by rwo

heads.

Insertion
Radual side of dorsal aponeurosis of second
third fourth, and fifth fingers.

Action

Flexion of the first (basal) phalanges (sn-
terosses assist)
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/‘
é Action  edduchon end extension of
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Innervation
Ore or two radial, by the medun nerve
Two or three ulnar, by the ulnar nerve
(Fig 12C)

MUSCLES OF THE THENAR AND
HYPOTHENAR REGIONS

Fig. 23A shows the anatomy of the thenar
and hypothenar group of muscles The
flexor abductor, and opponens muscles of
both groups have a2 common 1nsertion 1nto
the region of the transverse carpal Ligament
at the wnst.

These ongins are shown 1n Fig 23A.

Actron
Shown 10 Fig 23B and Fig 23C.

Nerve Supply

Flexor pollicis brevis
Opponens pollicis
Abductor pollicis brevis
Adducror polhcis

Median

Flexor digit1 V brevis
Ulnar {Opponens digiti V (quints)
Abductor digin V

FLEXOR TENDONS

The flexor tendons of the flexor digitorum
sublimus 1nsert into the middle phalanges.
The tendons of the flexor digitorum pro-
fundus after piercing the sublimis tendons,
insert into the terminal phalanges. None of
the flexor tendons insert into basal phalanges.

Flexion of the basal (first) phalang
action of the interosser and lumbnical

244)

EXTENSOR TENDONS AND Di
APONEUROSES

Extensor tendons are called dors
neuroses because they form a flat ex
on the dorsal surface of the digit. E
tendons consist of several tendons

1 Extensor digitorum communs 1
2 Extensor digitorum prop: tendo
3 Interosser and lumbncales tend

The extensor tendon extends only tl
phalanges the two distal phalanges
tended by the combined action of
terosse1 and lumbricales® (Fig 24B)

THE SHIFT OF THE APONEUI
SLEEVE

The anatomy and mechansm .
aponeurotic sleeve explans how t
terosser and lumbrcales may act, e
flexors of the proximal phalangeal o
as extensors of the two dustal jont
15A)

Transverse fibers form a dorsa
over the back of the proximal phalanx
the proximal joine (Fig 25C) but wi
extensor tendon in stabihizing the pr
joint, shifts the sleeve backward unt
over the joint, the Jumbricales and 1t
pull on the lateral band to extend tht
two jounts” (Fig 25B)

™\ fexor endon imert wato che bawl phals g, while th extemor tendows coly rmsch th bam! phalisges. Excession s &
ure motion, prepanag th fiagen f Aczan, Liks epening the jow of & coopethordd s th € ¢ may grup
“unnell § Sargery f the Howd Phiadelphis, J B. Lippince t. Co. 1944-
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Figure 35 (Modified after Sterling Bunnell, SURGERY OF
THE HAND )
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MEDIAN NERVE

The median nerve 1s the most important
nerve of the hand It 15 the motor nerve for
flexion of the first three fingers and for
flexion and opposition of the thumb This
constitutes the mechanism for grasping The
medan nerve 1s also the main nerve for sen-
sation and tactile discimination of the
thumb and first three fingers It 1s by virtue
of this innervation that the human hand can
carry out 1ts finely integrated functions and
perforrn mechamical and arustic endeavors.

Paralynis of the median nerve makes the
hand almost completely useless and the
patent with medan nerve paralysis can be
seen to use the hand in the manner of an
arnficial hmb erther as a2 weight or to push
an object asnde In the deformuty resulting,
the fingers usually remain flexed whle the
thumb 1s unopposed giving the hand its
characteristic name and appearance (the ape

36

hand) With fingers extended the outstand
g fearure of medun nerve palsy 15 the
position of the unopposed thumb (Fig 27)

ANATOMY

The median nerve takes 1ts onigin from the
medial and lateral cords of the brachual
plexus and roots of ongin are from the sixth,
seventh, and eighth cervical and first tho-
racic roots of the spinal cord. It descends
along the mesal poruon of the arm along
with the brachial artery and the ulnar nerve.
It enters the forearm beneath the pronator
teres muscle and descends bepeath the pro-
nator teres muscle and courses beneath the
flexor digitorum sublumus Iying on the pro-
fundus 1t becomes more superficial at the
wrist lying n close proximuty to and lateral
to, the tendon of the palmaris longus muscle
(Fig 28)
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Figure 17 Parslyshs of the median nerve. Note that there
11 loss of oppos thon of the thumb
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COURSE AND DISTRIBUTION

a. Diagram (Fig 29)
b Motor and Sensory Supply

Forearm

MoTtor

pronator teres

flexor carprradialis

flexor digitorum profundus
(lateral radial half)

flexor digitorum sublimis

flexor pollicis longus

propator quadratus

Han

d

abductor and opponeus pollicis

(in the hand)

flexor pollicis brevis

(superficial head)

lumbricales of index and

muddle fingers

SENSORY

sensation to palm
first and third digies
distal phalanges—first and sccond part of

third digit, dorsum

TESTS OF MUSCLE FUNCTION AND THE INTACTNESS OF MEDIAN NERVE

NERVE MuscLE

TesT

median Cs 6 7 8and T1

pronstor teres

with arm extended, resist supo-
aton

flexor earpr—radualis

flex wnst sgunst resstance to
radual nde

flexar  digitornm  sublmus
fingers)

{all

resust extennon at proxumal inger
phalanged jount

flexor digitorum
profundas T and TT

remst extension st distal Inter

phalangea! jount

N flexor pollices

resut extenpon of termunal

longas phslanx
abductor pollicis with oul et nght angle to palm,
brenis cause thumb vertically agunst re

mtance

opponeny pollicis

touch np of httle finger agrmst
resistance with thombmil
to palm
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The median nerve Cq 7-gTy

Flex - pronator

muscle group

Palm long - Flex. dag profund.
Flex. carpr rad. ]

Flex dig sub.. -
Flex poll long -
Thenay muscleg
Abd poll brev

Oppon. poll..

Flex poll. brev
(sup- head )

Figure 19 (Modified aftcr Pitrer and Tevent, LES NERFS
EN SCHEMAS.)
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Figure yo. Medun nerve panalysis. A semsory loms of the

palrar surface.
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The mediann nerve Ce 7-gTy
__‘/‘\

47 \/
)"Sx\ Lat cord
Med.cord

Flex - pronator

muscle group

Palm long —-- / Flex. dig profund
Flex. carpl vad ]

Flex. dig sub.__
Flex poll long —

Thenay muscles
Abd poll brev
Oppon. poll.

Flex poll brev
(sup head)

anastomosis with
uln n

Figure 19. (Mod fied after Pitres and Testut, LES NERFS
EN SCHEMAS.)
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Figure 30 Medhan nerve paralywns. A sensory loss of the

palmar surface
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Fyure 31 Medlan nerve paralyns. Complete Joss of the flex
1on of the thomb and index finger
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MFDIAN NERVF

Fguse 32 Medun nerve paralyns. Lows of the ability to flex
the jndex finger and thomb with incomplece flemon of the
second finger
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Appearance of hand affected by
median nerve parealysis

i~ Mmlumbricales 1,
D {Blex poll brev
i (superficial) ﬁt '

Mpron guad
Mpron teres

Fgare 33
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Figure 34 Incomplete perve paralysis in the nghe hand.
There f1 an incomplete lots of flemson m the mdex finger end
wn the opponton of the thumb in attempting to make a fist,
The fist av the left 15 normal.
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LEVEL OF LESION AND CHARACTER-
ISTIC SYMPTOMS

A lesion above the elbow results 1o paral
yuis and atrophy of the pronators, and ths
results 1n the forearm being mantaned 1n
2 mud-position In order to compensate for
a lack of pronation 1t 18 necessary to abduct
the flexed elbow, or, if the elbow 1s ex-
tended to rotate inwardly the whole arm at
the shoulder Only a partial loss of wrist
flexion ts obtained by paralysis of brachi
oradialis (flexor carps radsalis) since the
flexor carpt ulnanis supplied by the ulnar
nerve produces some of the functon.
Paralysis of the flexor digitorum sublimus and
the flexor digitorum profundus (radsal por
tion) produces a loss of ability to flex the
rmuddle phalanx of all fingers and the termunal
(third) phalanx of the index, middle finger
and thumb

The index finger and thumb are che only
fingers that lose all flexion in complete
median nerve paralyss (Figs. 31 and 32)
This 15 easily understood when 1t 15 remem
bered that the first phalanx of each finger 1s
flexed by the interosses, the third (termunal)
phalanx of the fourth and fifth digits by the
deep flexors and both of these groups are
supplied by the ulnar nerve, Flexion of the
muddle finger 1n median nerve paralysis 13 ac
comphshed by either the innervation of the
deep flexors by the ulnar or through the
aponeurotic attachment to the second and
third fingers.* Paralyns of the muscles of the
thenar eminence produces atrophy and loss
of ability to abduct the thumb as well as Joss
of ability to accurately oppose the thumb to
the tips of the other fingers (Fig 33) There
13 also loss of ability to make a tight fist
(Fig 34)

Sensory loss in median nerve paralyss (Fig

30) consists manly n anesthema (curz-

neous) over the palmer surface of the thumb
and lateral two and one-half fingers

Median nerve injuries are often associated
with vasomotor and trophic disturbance.
Spontaneous pain 1s observed frequently
median nerve injuries and 15 reviewed under
cansalga

Of the 2037 pertpheral nerves studied, 360
were medan.

Surgscal Anatomy of the Arm for Medun
Nerve

(Fig 28)

Incistons for Operative Exposure of Medun
Nerve

1 In the arm

2 In the forearm

3 In the cubital fossa

4. Combination of all three

Ins the arm The median nerve 1s exposed
through a longitudinal mcison ten to twelve
centimeters in length over the mesnal surface
of the arm (Fig 35A Part 1) Ithesm2
plane berween the borders of the biceps and
triceps muscles The median and ulnar perves
can be palpated easly in the normal arm 18
this regron. The injured nerve with s neuroma
15 almost always detected without difficulty
by palp:tlon in the arm in the region of
wound.

In the forearm The median nerve 1
reached best by a longitudinal ncinion on the
volar surface of the forearm (Fig 354, Part
3) It 1s placed mesal to the border of the
brachioradialis muscle Through ths meison
the pronator teres muscle 15 exposed.
median nerve lies deep wathin the substance
of the muscle and 1s exposed by splitung the
muscle 1n the direction of ats fibers. Parc 2 of
the figure shows that this mncision 1s 3 trans
verse incision which follows 2 flexion creas¢

Yorkin, Joseph, C. Affections { the periphenal merves. Lovseleef Medicrme New Yoek, T Nelson & Sows, 932
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n the cubital space When these 1ncisions are
united, 2 modified Z 1s formed (Anibor’s
incision for the medisn nerve) The flaps are
now retracted and the median nerve may be
traced along 1ts greater course 1n the arm and
forearm. This incision gives a very extensive
exposure and at the same tume avoids crossing
a flexion crease.

Operatrie Exposure
(Fig 35B)

Cross Section of Armn
Above and below cubital space to show
anatomuc relations of median pecve (Fig.

35C)
Special Procedures

RE ROUTING OF MEDIAN NERVE

By re-routing the medun nerve from deep
beneath the flexor digitorum sublimis and
pronator teres muscles a fifteen centimeter
gap may be overcome. By stripping carefully
the muscle twigs of the median nerve 1n the
forearm no motar branch need ever be sac
nficed.

Re routing the median nerve in the cubital
space and in the forearm 1s used for over-
coming extensive gaps in the arm forearm
and hand This method was devised by Bab-
cock 1n 19197

Figs. 36-39 made 1n the operating room
depict the closure of an eighteen centuimeter
gap of the median nerve in the wnst and
hand By re routing the median nerve m the
cubital space and from beneath the deep
muscles of the forearm combined with
flexion of the elbow and wrist, a gap of fif-
teen to twenty centimeters may be over
come By re-routing the meduan nerve 1n the
cubital space and forearm, the severed

medan nerve at the wr.st, was transplanted
beneath the transverse carpal ligament into
the hand, and sutured to the digital twigs n
the hand

Fig 36A shows the author s Z-shaped n
cision 1n the cubital region and at the wnst
and hand.

In Fig 36B both wounds are open. The
median nerve 1s exposed beneath the pronz
tor teres and flexor digitorum sublims
muscles The severed median nerve with cen
tral neuroma 15 exposed at the wrist, while
the digital twigs are exposed 1n the hand
through an incision 10 a flexor crease 1n the
hand

Fig 37A shows stripping of the muscle
twigs.

In Fig 37B a forceps has been passed be
neath the flexor digitorum sublimus muscles
to the open mcion at the wrust. The
neuroma 15 grasped at the wnst and gently
withdrawn.

Fig 37C shows 2 new subfascial route
made by passing the forceps superficially be
neath the fascial layer between the two 1
cisions.

Figs. 384, 38B, and 38C show the method
of fascial and sk closure Closure of the
cubital wound 15 performed prior to nerve
suture, since the cubital wound 1s more casily
closed at thus stage.

In Fig. 38D a new route 1s made for trans
planting the median nerve wnto the hand by
passing 2 forceps beneath the transverse
carpal ligament.

Fig 39A shows the median nerve re routed
into the hand and the digital twigs to the
thumb and first two digits have been sutured
to the man trunk.

In Fig 39B the elbow and wrist are mat
taned 1 flexion for three weeks by applica
tion of a posterior plaster shell.

Mok ¥ W A csdid echalme f  opritions oa peripheral acrves with eipeckl referoace 1+ th  Jotary of fucge grpe. S5
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LENGTH OF INCISIONS

There 1s a tendency to make excessively
long 1ncisions for exposure, repair and re
routing of peripheral nerves.

Incimons over forty centimeters long 1n
the upper extremity and over fifty centi-
meters long in the lower extremuty have been
observed Adequate surgery can be accom-
plished usually through much smaller in-
csions. Tt has been found satisfactory to re
patr the 1njured nerve through 2n adequate
wncison at the site of the injury while re
routing of the nerve, when necessary may be
carned out through a second incision.

The skin and subcutaneous layers between
the two incisions may be undermined by =
suttable instrument along a fascial plane, and
the nerve made free along 1ts course. In thus
manger, excessive scar formation 1s avorded.
The avordance of subcutaneous scar m such
instances 1s of even greater importance than
the avoidance of scar in the skin Adequate
exposure of the injured nerve must always
take precedence over smaller incisions 1
those instances. The wincision 15 planned o
that 1t would result 1n 2 mumumum of scar
formation.
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INCISIONS IN THE HAND AND WRIST FOR EXPOSURE
OF MEDIAN AND ULNAR NERVES

‘The most severe and disabling contracture
scars are caused by longitudinal ncisions
croming the flexion crease and transierse
carpal Ligament at the wrnst and into the
hand (Fig 8)

The meduan and ulnar nerves on the volar
surface of the wrist may be exposed eanly by
using a transverse incision, in a flexion crease
at the wnist (Fig. 41A)

When using this inciston the transverse
carpal ligament 15 also divided n the direc-
tion of its fibers. Should mobilizawon or
transposition of the nerves be required the
mnason 1s then continued at right angles as
far proxumally as 15 needed * Neurorrhaphy
of the median and ulnar nerves have been
successfully performed through this sncision
alone. The operattve exposure 1s shown

Woodkall, Birmes Prrwoasl communicttun 1o the uthec

Fig 41C. Cross section of the wrnist 1s shown
n Fig. 41B

A combined incision for exponng and fol-
lowing the median nerve from the forearm
into the hand consists of two parts, as shown
i Fig 42A (Antbor's mcision) The first
part 15 an eight to ten centimeter longi-
tudinal incision 1n the forearm ending at the
wrinkle lines in the wrist. Tlus incision 1s
used for mobilization of the nerve in the fore-
atm, 1t may be extended a3 far proxumally as
1s found necessary The second part of this
waston follows a flexion creast in the hand,
and 1 used for explonng the median nerve
mn the hand. The small intact area of skan
between the two wncistons, along with the
transverse carpal ligament, may be easly
undermined and the necve exposed beneath *

“Bederberr, N R The avodance of contracrar tears o ebtctve mmrgery of the lumd Pertoasl comemmnicatioa o the cxthor
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THE ULNAR NERVE

The ulpar perve supphes almost all the
small muscles of the hand and paralyss of
this nerve produces the most severe wasting
of the hand. This wasting 1t caused by
atrophy of the 1nterosser, the thenar
muscles, and heavy adducter of the thumb
(Fig 43) Since sensation in the thumb and
first two fingers and flexors, and opposition
of thumb 1s maatained by the median nerve,
a farly useful member remans stdl for hold-
g prasping and feeling Of the 2037 nerve
injuries studied, 190 were ulnar

ANATOMY

The ulnar nerve 1s denved fro
cord of the brachial plexus and
from the eight cervical and fi
scgments of the spinal cord It
mesal nde of the hmb in allars ¢
arm 1t hes between the biceps
muscles, accompaned by the o
and the brachul artery It pas
ulnar notch at the elbow pierci
carpt ulnars muscle, and hes |
muscle on the volar surface of
all the way to the wnst (Fig 4
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Fgure 43 Ulnar perve paralyns. Atrophy of the fine dormal
dd d the d L

and
known a3 “snatommcal souff bor.”
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THE ULNAR NERVE
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COURSE AND DISTRIBUTION

a. Dugram (Fig. 45)
b Motor and Sensory Supply

MoTor

flexor carpi ulnans
flexor digitorum profundus
{(ulnar half)

interosset

lumbricales—third and fourth
adductor pollicis

flexor pollicis brevis (1nner head)

Forearm

Hand

flexor digitr (quint1) v
opponeus digi1 v
abductor digin v
palmarns brevis

SENSORY

Sensation to medial half of hand, fifth
finger and one half of fourth over volar and
dorsal surface,

CHARACTERISTIC SYMPTOMS OF
ULNAR NERVE PARALYSIS

Paralyns of the ulnar nerve causes atrophy
of the interosser (Fig 47), thenar and hy
pothenar muscles, flexor carp: ulnans, and
the ulnar head of flexor digitorum pro-
fundus. Ths results in the claw hand de
formuty especially marked in the fourth and
fifth fingers (Fig 46)

Mecbanism of Claw Hand Deformity
The interosser normally flex the fimt
phalanges upon the palm while they extend

-~

TESTS OF MUSCLE FUNCTION AND THE INTACTNESS OF ULNAR NERVE

NervE

MuscLe

]

ulnar flexor carpt
(C2T1) ulpans

with hand extended sbduct butle
finger and tendon of flex carpt
ulnang can be seen as it fixes pouat

or ongin of :bductorw

flexor digitorum
profundus 3 end 4

resut extennon at distal inter
phalangel jounr

resut abduction of brde finger

ebductor digixn muoumi

with hand extended

dorssl interosser 1 3 3 4

tbduct (spread) sgunst resstance
all fingers except the fifth, with
palm down

palmar interosser 2, 3 4

abduct against resstance all fingets
except thumb. Fingers are brought
together tghtly Panent
1gamyt renstance to retan § $TOP
of paper between |4:!;.::::“;‘1‘"’_‘4

abductor pollicis

with thumb pail st nght angle t@

palm, hold paper batween thumb
and palm
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Figure 46 Ulnar nerve paralyws, showmng the area of anes
thesia,
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the two distal phalanges Paralyss of the
interosser and of the two mesial lumbricales
results 1n the extension of first phalanges by
the unopposed extensor digitorum com
mumns, and flexion of the second phalanges
by the unopposed action of the flexor digr-
torum sublimis (Fig 48) This results in the
claw hand deformity This 1s more marked
1n the fourth and fifth finger than in the re
maining ones because the lumbricales, which
are supplied by the median nerve substitute
for the function of the paralyzed interosser
Another ngn of ulnar paralysis 15 inability
to spread the fingers or to bring them to
gether The little finger remains abducted by
the unopposed action of the abductor mimmu
digits (Fig 47) Atrophy of the thenar and
hypothenar muscles as well as the interosser
gves the skeletal appearance to the hand
(Fig 47) Paralysis of the adductor pollicis
gives rise to "Froments Sigr (Fig 49)

Surgical Anatomy
(Fig 44)

INCISIONS FOR OPERATIVE
EXPOSURE

1 Inthearm
2 At the ulnar notch
3 In the forearm

In the arm ‘The ulnar nerve 1s exposed
through the same incision as that used for
the median nerve. This 15 2 10 to 12 cen
timeter longitudinal incision over the medial
surface of the arm (Fig 50B)

In the forearm The ulnar nerve 1s explored
through Part 3 (Fig soB) This conssts of
a longitudinal incision of vanable length (ro
to 1§ centimeters) on the volar surface of
the forearm along the border of the flexor
carpr ulnans muscle

At the ulnar notch The ulnar nerve 1s ex
plored through a six or seven centimeter
curved incision over the region of the medul
epicondyle (Fig 5oB, Part 2) Thus 15 used
to explore the ulnar nerve 1n the ulnar notch
and to transplant the nerve to the volar sur
face 1n the cubital space

Operatsve Exposure
{(Fig s0A)

SPECIAL PROCEDURES

If necessary, a more radical transplanta
uon may be performed by placing the ulnar
perve beneath the flashy portion of the flexor
carpi ulnanis muscle In that event the muscle
1s severed from 1ts fascial attachment to the
ulna so that 1t may be easily repared.

STRIPPING OF MOTOR TWIGS

It 1s very important to carefully stnp the
motor twigs to the flexor carpr ulnans
muscle flexor digitorum profundus, medual
one half and twng to the elbow joint. Failure
to stnip the twig to the elbow jomnt may
cause tension on the twig and result mn 2
panful elbow joint A ten centimeter gap
may be overcome by proper ulnar nerve
transplantation.
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Figure 47 Ulnar nerve paralys, showing interossel acrophy
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) Appearance o hand affected by

' ulnax nexve pavalysis

Alfected muacles - volar surface

..... Ampelmey1s brovis et m.abd digra ¥

mflex dig ¥ brev et cppon. dugity ¥

A Mm.ntercsse: vol. 1,2,3

’Mm lumbricales 3,4, Madd pollicis et

J F-——- 4 Flex. poll brev (medial)
! dhd flex. carpl uln et

,\,’I‘endmrza flex dig pro-

Fundi

Affected muscles - dorsal surface 4
Mm InterossSel dorsales 1,234

Figure 48
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Figure 49 Froment ngn in left ulnar nerve panlyms. The
Zanumr 13 grasping o glass slide with erther thumb and fore
geT
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THE MEDIAN AND ULNAR NERVE COMBINED

In combined paralyss of the median and
ulnar nerve a most severe and disabling de
formity of the hand results Paralyms and
atrophy 1s present of all the muscles on the
antenor surface of the forearm, pronation
and flexion of the hand upon the wrist are
lost. Any degree of wnist flexion that may re-
main 15 performed by the substitution of the
long and short extensors of the thumb

The thenar and hypothenar eminences are
atrophied giving a marked flatness to the
hand. In spite of the paralysis of all the
flexory, the fingers are usually flexed This
flexion, present when the wrist 1s hyperex-
tended, 15 caused by the stretching of the
flexor tendons of the hand There 1s always
complete loss of opposition and abduction of
the thumb (Figs. 51—55)

The extreme gnffe hand 1s observed 1n
incomplete median and ulnar nerve njuries,
and also during regeneration of the nerves.

It 1s produced by the increasing tone of the
flexors of the sccond and third phalanges of
the fingers from the flexor digitorum pro-
fundus muscle (Fig 56) when they are de-
prived of the antagonism of the interosser
which usually extend to the second and third
phalanges. The flexed fingers flatness of the
hand, and unopposable thumb, produces the
so-called four-fingered ape hand (Figs. 51—
55) It 1s well to prevent the severe flexion
of the fingers by judiciously applied sphnt-
ing and preventing hyperextension of the
wrist and fingers Sensory loss 15 dlustrated
in Figs g7 and 58

The brachual artery 1s often involved in
combined median and ulnar nerve injuries
because of therr proximity in the muddle
third of the arm. Vascular disturbance of the
fingers and occasional gangrene of the finger
ups are observed (Fig 59)
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Figure 51 An * pe band caused by
oloar nerve parslyss.

combined medan and
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Hgure 51 Dorsum of hand showing effect of ¢ comblned
medun and ulnar nerve panlpin.
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Figure 53 Combined medisn 1nd ulnar perve panalyms s
seen in the nght hand compared o the normal left hend.
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Figure 4. Combined medan and olnar nerve paralyss as
seen 1n the nght hand compared to the normal left hand
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Figure 55 A severs claw hand wich severe atrophy of the
thensr muscles fexor pollick opponens pollicls and
abductor pollicn.
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Figure 57 Semsory los.
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Figure st Medan and ulnar perve paralysls wich remocy
loss.
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Figure 59 Gangrens of the finger tips produced by 2 com-
bined Infury to the median and wlnar nerve, and the brachil
artery
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THE RADIAL NERVE

The radial nerve 1s the motor nerve for ex-
tension  (dorsiflexion) of the wost and
fingers including the thumb The fingers re-
main 1n the position of a partially opened
pliers and can only grasp an object after they
are extended by help of the normal hand The
moment the arnficial extension 1s released
the fingers drop to their charactenstic post
tion. The wnst hangs 1n the charactenstnc
flexed powion of wrist drop (Figs. 60 and
61) Although a radial nerve mnjury 1s con
sidered the most commonly observed nerve
njury, this was not true in war wounds Of

the 2037 nerve injunes studied, 284 were
radial,

ANATOMY

The radial nerve 1s the direct continuation
of the posterior cord of the brachial plexus
Its fibers are derived from the sixth seventh,
and eighth cervical and first thoracic seg-
ments of the spmal cord It accompanues the
profunda artery around and behund the

rus and in the radial groove. (Fig 624)
It courses down beneath the upper porton
of the brachioradialis muscle, lateral to the

cubital space, where 1t divides into deep
(dorsal interossens), superficial (cutaneons),
and muscular branches (Fig 62B)

COURSE AND DISTRIBUTION
a Diagram (Fig 63)
b Motor and Sensory Supply

MoTtor
triceps
brachioradialis
Afrm
extensor carp radialis longus
anconeus
extensor carpi radiahis brevis
extensor digitorum communis
extensor digitn {2}
For git1 quinty proprius
by deep xtensor carpi ulnaris
( supinator
radia] abductor pollicis [on
branch) P Bus

extensor pollicis brevis
extensor pollicis longus
xtensor indicis proprius

SENSORY

Sensory loss consists of a vanable area over
dorsum of hand and thumb (Fig 6o0)
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TESTS OF MUSCLE FUNCTION AND THE INTACTNESS OF THE RADIAL NERVE

NErvE Muscie Test
radual trnceps extend forearm sganst remstance
Cs678T1 supporting forearm agunst gran
£
b-achioradualss mn natural postron flex forearm
aganst resytance
exrensor carp with fingers extended extend wrist
radiahis longus to radul nde agunst resistance
supinator with arm extended pronate agamst
resutance
exten or digitorum resut fleron st metacarpo-
communy phalangeal jount
extensor carps ulnangs extend wrst jowt to ulnar sde
aganst resstance
abductor pollicis abduct thumb at nght angle to
longus palm agunst resstance
extensor pollics resnt attempt to flex thumb ot
brevis meracerpo-phalangeal jont
txtmmr pollicis resist flexon et inter phalangeal
Joent

LEVEL OF LESION AND CHARAC- SURGICAL ANATOMY
TERISTIC SYMPTOMS (Fig 62)

t When the lesion 1s at level of lower INCISIONS FOR SURGICAL
axilla as 1s often observed 1n bullet and EXPLORATION
shrapnel wounds of shoulder and axilla
the entire nerve 1s 1nvolved including 1 Inthearm
paralysis of triceps muscle. 2. In the forearm
2 In the muddle third of the arm by frac 3 Lateral to cubutsl fossa
tures of humerus In the arm The radial nerve 13 exposed
2. The triceps remains normal through Part 1 of the incision 1 Fig 67A.
b Paralyns of the extensor supina Thus 15 Jongitudinal or oblique incimon over
tor group and all the extensors the lateral surface of the arm paraliel to the
below 1t, producing wrist drop radia} groove.
(Figs. 60 64) In the forearm The radial nerve 1s exposed
3 In the muddle thied of the forearm through Part 3 1n Fig 674, 2 longitudinal n
a. Paralyss of the deep radial nerve ciston over the volar surface of the forearm.
gives 1solated paralyss of ex- It 15 placed laterally over the border of the
tensors of the thumb and index brachioradialis muscle.
finger (Figs. 65 and 66) At the cnbital fosse The radial nerve 1
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a1

Figure 6o. Radnl nerve palsy caumng a wnst drop, The
outlined eren 13 the repron of
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exposed by a five or six cenumeter serm cir

cular flap incision as shown in Part 2 of Fig
67A. This incision 1s made laterally over the
region of the lateral epicondyle 1n order to
avoid crossing the flexion crease When thus
flap 1s retracted medialwards, the nerve may
be exposed as it lhies becween the biceps
tendon and the brachioradialts muscle From
here 1t may be followed along 1ts course be-
neath the brachioradalis muscle to its poiunt
of drvison into the deep and superficial

radial nerves.

OPERATIVE EXPOSURE (Fig 67B)
CROSS SECTION (Fig 61A)

SPECIAL PROCEDURES FOR OVER
COMING GAPS IN THE RADIAL
NERVE

Taking up normal slack rotating the head,
elevation and adduction of the arm, and
flexton of the elbow after freeing the nerve
where 1t divides.!

Babcock W W A tesd rd technqoe for operations ea pempberal merrey with cipechil referece ¢ the clorare of pps ST

Cywe & Obst 45 364378 39 7
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Fgure 61 Nerve palsy causag & weat drop An attempt
has been made to rarse the nght wrist and o spread the fin
gers of that hand as has been done in the normal left hand
sbown at the nght of the picture
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The »adial nerve Cs7-g

Triceps brachii

n.
lat. head . @~
Med head of
long head. triceps brachn
Brachialis,
Ext. -supin dvoup Post brach cut.

Brachiovad ...

_ Dorsal antibrach. cut
Byt carpi ¥ad long

Anconeug.-

Deoep xad ...

Bxt. caxpr vad. byev
Bt d1g commurs.

Supinator.
Abd. poll longus ~ -
Exct. poll brevis. .
Bxt. poll longus. .
Ext. 1indic1d prop._ - -

Fgure &5 (Modificd after Pires and Tearnt, 1ES NERFS
EN SCHEMAS )
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xadip) neyrve paralysis

Muscles affected

M trsceps brachii (medial)
Mbrachialig
M brachiovad.
M.ext. carpr vad long
Manconeu.s i Msupmnator

. \ A
3 ['{, fe Appeavance of hand offected by

Flgure 64.
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Figure 65 Deep radul nerve paralym showing the complete
loss of the ability to extend the thumb and fingers. Adoru-
flexron of wrut 1 muntaned,
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Figure €6 Deep tadul nerve paralysts showlng an attempt
to extend the thumb and fingern.
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THE AXILLARY NERVE

The axillary nerve 15 primaridy a motor
nerve for raising the arm. Paralysis of this
nerve while leaving the hand and forearm
normal, renders the arm completely useless
at the shoulder joint so that it hangs from
the shoulder

ANATOMY

The axdlary nerve 15 denved from the
postenior cord of the brachial plexus and
takes onigin from the fifth and sixth cervical
roots of the spinal cord, It hes behind the
axllary artery After leaving the axlla 1t
winds around the surgical neck of the
humerus along with the postenor humeral
carcumflex artery, through the quadnlateral
space and then divides into 2 small supenor
and larger inferior branch (Fig 76)

The superior branch supples the deltord
while the inferior one goes to the teres mmor
muscle A cutaneous twig supplies a variable
area of skin over the region of the lower por-
tion of the deltord

COURSE AND DISTRIBUTION

The axllary nerve supplies the deltod
and teres minor muscles (Fig 68)
TEST FOR MUSCLE FUNCTION AND
INTACTNESS OF AXILLARY NERVE

Mauntan abduction of arm aganst re
sistance

CHARACTERISTIC SYMPTOMS

Ingury to the axillary nerve and para
of the deltoid muscle results m 1nzbiit
raise the arm outward forward, and b:
ward. It 13 associated with atrophy of
deltord muscle which results in the w
marked flattening and shghtly concave ¢
tour of the normal outer arm. The en
shoulder joint can be seen and palpated (
69 and 70) The acromion process beco
promunent and the head of the humerus
be palpated The integrity of the jomn
threatened by long standing deltoid paral,
Wesk substitution movements are usu
developed by utihzing the pectoralis ma
supraspiaatus  serratus anterior and
pezius

SURGICAL ANATOMY

(Figs 76 &oC)
Same as infraclavicular exposure

INCISION AND EXPOSURE

Incsion and exposure same as for bracl
plexus and infraclavicular mcinon altho
the axillary and radial nerves Lie deep bene
the median and the cords of brachial ple:
The antertor approach using the infraclas
ular approach to the plexus 15 the most 3
1sfactory for exposure and repar (Figs. !
and 80C)
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F gare 69 Axillary end deltoud nerve parslysis.
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Figure 70 Axilary and deltodd nerve paralyss, showing
sensory loss.



IX

THE MUSCULOCUTANEOUS NERVE

The musculocutaneous nerve 1s the nerve
for bending the elbow Loss of funcmon of
this nerve would therefore be as serious a
handicap as loss of the elbow joint

ANATOMY

The musculocutancous nerve takes ongin
from the lateral cord of the brachial plexus
Its fibers are dertved from the fifth and sixth
cervical roots of the spinal cord along with
the outer head of the median It hes lateral
to the axillary artery in the axilla, then les
adjacent to the median perve and first part
of the brachral artery It pierces the coraco
brachialis The nerve becomes subcutancous
near the bend of the elbow and continues as
the lateral antibrachial cutaneous nerve (of
the forearm)

COURSE AND DISTRIBUTION
(Fig 68)
Musculocutaneous and axillary nerves.
Nerve Supplies Motor to biceps, brachialis
and coracobrachiahs, sensation to autero
lateral surface of forearm.

TEST OF MUSCLE FUNCTION AND
INTACTNESS OF MUSCULOCUTANE-
OUS NERVE

Flex forearm against resistance.

SYMPTOMS OF MUSCULOCUTANE
OUS PARALYSIS

Paralysis of the biceps and braclulis (and
coracobrachialis) results 1 loss of major
power to flex the elbow

Weak flexion of the elbow may still be pos
sible when the forearm 1s pronated by action
of the brachioradiahs which 1s innervated by
the radial nerve Cutaneous sensation 1s lost
over the anterolateral surface of the fore
arm from the elbow to the wrst.

Injunies of the musculocutaneous alone
are rare They are usually involved 1n the
brachial plexus or along with the lateral
head of median. A recent case was observed
which was caused from pressure from mas-
stve callus of healed humerus,

SURGICAL ANATOMY

(Figs 76 20B and 30C)

INCISION FOR OPERATIVE EXPO
SURE

(Figs 20B and 80C)

Infraclaviculsr  approach to brachul
plexus.
SURGICAL EXPOSURE

(Fig 80C)

Infraclavicular approach to brachal
plexus.
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THE SCAPULAR NERVES

The scapular nerves compnise the following

I

[

Dorsal scapular (C5)—The nersve to the
thomboides

The suprascapular (C4 Cs, C6)—The
nenve to the supraspinatus and infraspr
natus muscles.

The thoraco-dorsal or long subscapular
(C7, C8)—The nerve to the latissimus
dorn.

4 The subscapular (Cs, C6)—The nerve to
subscapulars and teres major muscles.

Injuries to the scapular nerves are rare
They have been observed following a severe
blow over the scapular region., They are
found primanly along with brachial plexus
injuries
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THE ANTERIOR THORACIC (Pectoral) NERVES

The antertor thoracic nerves comprise the
medial and lateral antentor thoracic nerves

The medial antenor thoracic nerve (C§
Ti) supples mainly the pectoralis muor
muscle

The lateral antenior thoracic nerve (Cs

C6, C7) supphes the pectoralis major
muscle

Injury to the anterior thoracic nerves are
rare and are usually accompamed by mjury
to the braclial plexus. Dragnosis 1s made by
atrophy of pectoralis muscles (Fig 71)



THE ANTERIOR THORACIC (PECTORAL) NERVES

Fgurs 71 Atrophy of pectorales muscles remlting from in
jury to lateral antenor thorcic nerver,
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THE LONG THORACIC NERVE

The long thoracic nerve 1s the nerve that ~ The ongin 15 from the undivided anter
supplies the serratus anteror muscle the primary ramu near the vertebral foram
muscle for fixation of the vertebral border ~ The nerve descends behind the bracl
of the scapula. Paralysis of the long thoracic plexus and the axillary vessels, and supp

nerve results in winging of the scapula (Fig each of the digitations of the serratus anter
712) muscle The nerve 1s entirely motor Isola
inunies of the long thoracic nerve are :

ANATOMY common Although eight cases of long ¢
The long thoracic nerve takes orsgin from  racic nerve involvement were observed, o

the fifth, sixth and seventh cervical nerves, three were due to mjunies
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Figure 72 Long thoracic nerve
the reapale. pantyis with s winging of
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THE BRACHIAL PLEXUS

The brachual plexus supplies the muscula-
ture of the entire upper extremuty, the
shoulder girdle and the pectoral muscles A
major mjury to the brachial plexus resules
1n a useless flad arm (Figs. 74 and 75) When
moperable, the arm 13 best removed though
all other structures are intact, since the arm
becomes a cumbersome, dead weight.

ANATOMY

The brachual plexus 1s formed from the
anterior ramt of Cs C6, C7 C8 and T1
roots of the spmnal cord These roots umte
near their pont of ongin The plexus thus
forroed extends from the lower part of the
side of the neck to the axdla (Fig. 76)

The fifth and sixth cervical root:
form a trunk the eighth cervical
thoracic unite to form a trunk
seventh cervical runs out alone
sults 1n the formation of three trunk
mddle and lower (Fig. 73A) T
pass beneath the clavicle where ea
divides 1nto an anteror and poste:
swon (Fig 73B)

The antenor division of the u
mrddle trunks umtes to form the lan
The antenior division of the Jow
continues alone as the medul «
three postenor divisions umite to :
posterior cord The medual and late
unite to form the medan nerve (F
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Figure 74. A flail arm eavsed by a bracha! plexus injury
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Figure 75 Brachul plexus paralysls with complete paralyss
of the hand and arm showing atrophy of the hand and fore

arm.
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COURSE AND DISTRIBUTION
(Figs 76 and 77)

TESTS OF MUSCLE FUNCTION
Considered under separate nerves

SURGICAL ANATOMY
(Frg 78)

INCISIONS FOR
OPERATIVE EXPOSURE

The regions of the brachial plexus are
dimided mnto four poruons for convenience
of surgical approach 1n the neck beneath
the pectoral muscles 1n the axila, and 1n
the clavicular region.

I SUPRACLAVICULAR INCISION
For exploration of trunks of brachial
plexus in the neck.

2 INFRACLAVICULAR INCISION
For exploration of cords of the plexus
beneath pectoral muscles

3 TRANSCLAVICULAR INCISION
For exposung cords and secondary
trunks of the brachial plexus above,
below, and beneath the clavicle

4. TRANSVERSE AXILLARY INCISION
For exposing penipheral nerves after
their ongin from the brachial plexus in
the axdla.

The Supraclsvicular Incision This s a five
to six centumeter transverse wncision placed
about two centumeters above, and parallel
to the clavicle (Fig 79A) Ths incision 15
used to explore the roots of the brachul
plexus 1n the region of the scalent muscles.
It 15 also used for surgery of the scalenus
muscles. The surgical anatomy and operz

Terlor A. St Bnchul banh pulsy Lemne Proctice of Serpery Higeottews, Md, W F Prier Co Inc, 1932
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tive exposure 1s shown 1n Fig 79B A cross
section of the anatomy of the neck 1s shown
i Fig. 79C.

The Infraclavicalar Incision Thisis the ac-
cepted approach for exposure of the cords
of the brachal plexus beneath the pectoralis
major and munor muscles. It consists of a
transverse 1ncision beginning some five cen-
timeters below the clavicle and continuing
lateralward into the arm over the region of
insertion of the pectoralis major muscle as
shown i Fig 80B The pectoral muscle 1s
exposed and sphit in the direction of its
fibers brnging the roots of the brachal
plexus into view (Fig 80C)

Operative exposure in the infraclavicular
1ncision 13 shown 1n Fig 80C. Cross section
apatomy of the infraclavicular region 1s
shown in Fig 80A.

Transclavicular Incisson  fo  Brachul
Plexus * By this approach the brachial plexus
from the three primary trunks to their divi-
sion 1nto lateral, medial, and postenior cord,
may be exposed above, beneath, and below the
clavicle without sacrificing the clavicle or
without injury to the fibers of the pectoralis
major muscle A modified semi circular 1in
ciston 13 made beginning above the clawicle
near 1ts sternal attachment, and continuing
upward and lateralward to the border of the
deltord muscle (Fig 81A Part 1) The mn-
cision now curves downward and crosses the
clavicle at 1ts outer third (Fig 81A Part 2)
It 15 now continued downward toward the
axilla (Fig 81A, Part 3) When the skin flap
s retracted the fascial plane between the

“Seoor, C. L, ]

deltoid and pectoralis major muscle 1s clearly
duiscermible (Fig 78) The clavicle 1s divided
at this point (Fig 81A, Part 2) The lateral
portion 1s retracted upwards and the mediel
portion, with the pectoralis major attached,
1s retracted downward and outward (Fig
81B) The pectoral muscle 135 1n this way
separated from the deltoid 1n 1ts normal
plane of cleavage bringing the entire bra
chual plexus clearly into view (Fig 81B) At
the termination of the surgical procedure,
the clavicle 1s wired together Thus procedure
surpasses all other clavicular approaches to
the brachial plexus in that the integnty of
the shoulder girdle 13 more e2sily maintaned.
Operative exposure of the transclavicular
approach 1s shown 1n Fig 81B

Transverse Axillary Incision All the nerves
of the upper extremuty may be exposed
through the transverse axllary incison.'
This incision follows a flemion crease across
the entre awlla as shown 1o Fig. 17 The
anatomy of the brachial plexus in the region
of the axilla 1s shown in Fig 83 Thus 1s the
mcinon of chowce especully for expomng
the radial nerve, since 1t hes postenorly 1n
the axila. Such an incision avords the de
formity and disability of & traction scar
which follows an incision perpendicular to
the flexion crease mn the anlla,

SURGICAL EXPLORATION
(Fig 82C)

CROSS SECTION
(Fig 82B)

Tramschovicalar approach to brackhil plexwr. Peroaal cecsmualeation 1o the sutbor

McCeavey A gutwn Transvecse sxillery Incion for explocation of brachial plerwe Persomal comsormnlcirien to the sutbor
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THE FEMORAL NERVE

The femoral nerve 1s the nerve for exten-
sion of the leg It supplies the anterior group
of thigh muscles (quadriceps femoris) Pa-
ralysis of the femoral nerve causes loss of
ability to extend the leg at the knee Atrophy
of the thigh results (Figs. 84 and 85) Walk
1ng forward 1s difficult 1n femoral nerve pa-
ralysis the Joss of function being the same
as in laceration of the patellar tendon or
fracture and separation of the patella. Most
of the femoral nerve injuries observed were
m perforanng wounds of the grom and
lower abdomen.

Of the 2037 penpheral nerve injuries
studied, 41 were of the femoral nerve

ANATOMY

The femoral nerve 1s the largest branch of
the lumbar plexus and 1ts roots of ongio are
from the second third and fourth lumbar
roots of the spinal cord It courses down-
ward passing through the psoas major mus
cle then between the psoas and ihacus mus

cles beneath the inguinal hgament into the
thigh (Fig 87B)

COURSE AND DISTRIBUTION

2. Duisgram (Fig 86)
b Motor and Sensory Supply

Moror

Abdomen—liacus
rectus femons
vastus medubis
quadriceps femorns{vastus lateralis
sartorius vastus inter-
medius

Thigh

SENSORY
Cutaneous sensation 15 to the antenior and
medial surface of the thugh and leg (Fig 85)
SURGICAL ANATOMY

(Fig 87B)
Inchion for operatrve exposure m the pel
vis (Fig 87A)

TESTS OF MUSCLE FUNCTION AND THE INTACTNESS
OF THE FEMORAL NERVE

NERVE MuscLe Test

femorsl La, 3 slacus with knes flexed and leg supported,
hup 13 flexed just beyoad go degrees.
Patient now tres to flex hup against
resutance

fernoral nerve sartorius with patent on back and wich bip

Lz Ly Ly laterally rorated flex knee againit
resistance and muscles can be felt
just below grown

femors! nerve quadriceps extend knee against resstance

La Ly Iy femons
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Figurs 84. Left femonl perve paralyss wath strophy of the
quidniceps moscles of the left thigh
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Figure 85 Muscle strophy and semory loss In fanorul perve
paralysis.
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THE SCIATIC NERVE

The sciatic nerve 18 responsible for the in-
nervation of the entire lower extremity The
only exception 1s the supply to the quadri-
ceps muscles which 13 by the femoral necve

The sciatic nerve 13 the largest nerve n
the human body It 15 the continuation of
the sacral plexus, and 1s analogous 1n 1ts 1m
portance to the lower extreruty as s the
brachial plexus to the upper extremuty

Bulateral sciatic injury renders the patient
almost as helpless as does injury to the spinal
cord. It was no uncommon practice in the
past to amputate the hmb in instances of
swiatic nerve paralyss,

In the authors series of 2037 nerve
Jurics, 120 Were sciatic.

19

ANATOMY

The sciatic nerve 1s derived from fusion
of fibers of L4 Ly, St, Sz, and S3 roots (Fig
88) It passes out of the pelwis through the
great sciatic foramen below the pinformus
muscle It descends between the greater
trochanter of the femur and tuberosity of
the 1schium and along the back of the thigh
to the lower third where 1t divides mto the
posterior tibial and common peroneal nerves
(Fig 89)

The sciatic nerve supplies the muscles of
the back of the thigh, all the muscles of the
leg and foot, and nearly the whole of the
skin of the leg (Fig go)
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'The sacral plexus
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Figute 18 (Modified after McDonald Green and Langs
CORRRLATIVE NEUROANATOMY )
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COURSE AND DISTRIBUTION

a. Diagram (Fig 90)
b Motor and Sensory Supply

MoTor

Gluteus maximus (lesser sciatic)

From semumembranosus
man semutendinosus
sciatic & Ybiceps femors
trunk adductor magnus
gastrocnemrus
tibiahis posterior
fiexor digitorum longus
Tibsal exor hallucts longus
and tibualis anterior
Peroneal Jextensor digitorum longus

extensor digitorum brevis
peroneus longus
peroneus brevis

SENsory

Sensanion to entire back of leg and dorsum
and plantar surface of foot (Figs. 91 and 92)

TESTS OF MUSCLE FUNCTIONS AND INTACTNESS OF SCIATIC NERVE

| NERVE MuscLe TesT
scutic, Ly Ly St 2—3 hamstangs with pastient on frce, flex knee
agunst renstance
scatic, St and 2 gastrocmemus with panent on face, plantar flex
foot sguinst resutance
sciatuc, Ly and St tbulis posterror invert foot aguast remstance
\_
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The sciatid nevve
~ (Ly 5-812 »)
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Figure 91 Scunc nerve panlyns showmg strophy of mus
cles and semsory Lows.
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Figure 91. Sclanc nerve paralywn, showing atruphy of mos
cles and wensory lom at the wound of exrt



126 SURGERY OF PERIPHERAL NERVES

LEVEL OF LESION AND
CHARACTERISTIC SYMPTOMS

Injuries of the great sciatic trunk result 1n
paralysis of the hamstring muscles with loss
of flexion of the leg at the knee joint

Lestons 1n the upper or muddle third of
the thigh as well as partial lestons may spare
the semumembranosus and sermtendinosus,
and thereby preserve flexion of the leg There
18 also paralysis of all the muscles of the leg
and foot with loss of plantar flexion dorm
flexion, and loss of movement of toes Sen
sory loss includes the outer side of the leg
(peroneal), the entire foot (#1bial), except
the mesial surface, including the region of
the internal malleolus (sapbenons) Pan
(c#usalgia) 1s often present over the tibial
dstnbution 1n incomplete tbial paralysis
Marked atrophy and dependent edema of
the leg and especally the foot 1s often pres
ent. In incomplete lesions of the sciatic the
peroneal component 18 more frequently in-

volved.

SURGICAL ANATOMY
(Fig 39)

INCISIONS FOR OPERATIVE
EXPOSURE OF SCIATIC NERVE

1 Exposure of the sciatic trunk.

2 Exposure of the sciatic nerve at the
sciatic notch.

3 Exposure of sciatic nerve at the gluteal
fold

4. Lateral approach to the sciatic nerve in
the thigh,

s Exposure of the sciatic nerve
popliteal region.

Exposnre of the Sciatsc Trunk.
Exposure of the sciatic nerve benea
gluteal muscles 1s accomplished by usn
sickle shaped incisions of Stookey® (Fig.
A curved incision 15 made beginning
mid gluteal regron at the level of the
thac joint and continung downwar
outward over the greater trochanter «
femur The incision now curves dow:
and inward along the gluteal fold to th
thigh. It now continues downward alo;
mud thigh for about five or six centu
(Fig 93A Parts, 1, 2 and 3) Theg
maximus muscle 15 now split along the «
of 1ts fibers all the way to the tenc
snsernion at the thoubial band over the
of the greater trochanter The tendino
sertion of the gluteus maximus muscle
severed and the enure muscle 15 ref
medialwards. By this exposure the nerv
be explored from 1ts exit at the sciatic
to the gluteal fold (Fig 95)
Exposure of the Sciatic Nerve at the S
Notch For convemence the Stooke
c1mi0n 1s divided into three parts (Fig .
Part 1”13 used to expose the sciatic ne
the seiatic notch. Fig 94 shows the ¢
tive exposure of this incision.
Exposure of the Sciatic Nerve af the
teal Fold Part 3 1nFig 93A illustratest
posing and repairing of the sc12tic nel
the gluteal fold When ths incision al
used only a small portion of the glute
tachment 1s severed (Fig. 93B)

Stookey B Swrgery f tha Nervev. Lowse Leef Surgery New York, T Nelsoo od Soms, ¢ 7
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Incimon 1. at sciatic notch
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Latersl Approach to the Sciatic Nerve in
the Thigh The sciatic nerve 1n the thigh 1s
best exposed through a lateral incision Thus
15 a longitudinal incision placed 1n the plane
of division between the vastus lateralis and
biceps femoris muscles (Fig 96A)

A review of the anatomy of the sciatc
nerve 1n the thigh (Fig 97) reveals that the
massive biceps femoris muscle crosses the
scratic nerve 1o the muddle third of the thigh
from mesialward to lateralward Thus 1s easly
understood since the muscle onginates from
the 1schial tuberosity while the insertion 13
over the head of the fibula and Jateral con-
dyle of the tibia

The sciatic nerve below the level of the
gluteal fold lLies beneath the lateral border
of the biceps femons muscle 1n the upper
two thirds of the posterior thigh rather than
1n the mudline between the biceps and serm

tendnosus muscles. When the accepted mid
lLine incision 1s used along the postertor sur
face of the thigh, the biceps femoris muscle
must be separated from both the semmem
branosus and the semitendinosus muscles be
fore the nerve can be exposed and 1n addi
tion 1t will often be necessary to sever part
of the attachment of the biceps muscle from
the 1schial tuberosity before the upper por
tion of the sciatic near the gluteal fold s
adequately exposed The lateral incition 1s
therefore a longitudinal incimon placed n
the plane of division between the vastus
lateralis and biceps femons muscles (Fig.
96A) The sciatic nerve 1s casly exposed
when the biceps muscle 1s gently elevated
and retracted mesiad (Fig 96C) A cross
section of the thigh n 1ts muddle third 13
shown 1n Fig 96B






130 SURGERY OF PERIPHERAL NERVES

Lateral Approach to the Scistsc Nerve in
the Thigh The scuauc perve 1n the thigh 1
best exposed through a lateral incision Thus
15 a longitudinal 1ncision placed 1n the plane
of division berween the vastus lateralss and
biceps femons muscles (Fig 96A)

A review of the anatomy of the scauc
nerve 1n the thigh (Fig 97) reveals that the
massive biceps femoris muscle crosses the
sciatic nerve in the rmddle third of the thiph
from mesialward to lateralward Ths 1s easly
understood since the muscle ongimates from
the 1schial tuberosity, while the insertion 1s
over the head of the fibula and lateral con
dyle of the tbia.

The sciatic nerve below the level of the
gluteal fold lies beneath the lateral border
of the biceps femoris muscle 1n the upper
two thirds of the posterior thigh, rather than
1n the midhne between the biceps and semu-

tendinosus muscles When the accepted mud
line incision 15 used along the postenor sur
face of the thigh, the biceps femons muscle
must be separated from both the senumem
branosus and the semutendinosus muscles be
fore the nerve can be exposed and in add:
tion, 1t will often be necessary to sever part
of the attachment of the biceps muscle from
the 1schial tuberosity before the upper por
tion of the scianc near the gluteal fold 1
adequately exposed The lateral incismon 1
therefore a longitudinal incision placed 1n
the plane of division between the vastus
Jaterahis and biceps femoris muscles (Fig
96A) The sciatic nerve is easily exposed
when the biceps muscle 1s gently elevated
and retracted mesiad (Fig 96C) A cross
section of the thigh n 1ts muddle third 1s
shown 1n Fig 96B.
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Figure 97
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Exposure of Scmtic Nerve in the Popliteal
Region The incison for exposure of the
sciatic nerve 1n the popliteal region 13 divided
into three parts (Fig 98A)

Part 1 15 2 longitudinal incision made 2long
the postertor surface of the thigh in 1ts lower
third, This incision 1s carried down to, but
not through, the flexion crease in the popht
eal fossa Thus incision 13 used for exposure
of the sciatic nerve at the point of division
1into ubnal and common peroneal nerves. The
mncision 1s now carrted transversely at the
flexion crease in the pophteal fossa laterally
to the border of the head of the fibula (Fig
98A Part 2) Now 1t 13 curved downwards
Iying between the bellies of the gastroc-
nemius and soleus muscles (Fig 98A Part
3) In ths fashion the two flaps are re
tracted as shown 1n Fig 98C, and the tibial

nerve may be followed into the calf while
the peroneal nerve may be exposed on the
lateral surface of the leg at the head of the
fibula (Fig. 99) For exposure of the com
mon peroneal nerve only the lower third of
the wncision alone may be used

CROSS SECTION OF
POPLITEAL REGION

Surgical anatomy of the poplteal region
(Fig 100)

SPECIAL PROCEDURES

Rongeuning of the sciatic potch (Fig.
101B) When the point of scianc nerve in
jury extends into the pelvis a portion of the
sciatic notch may be removed in order to
gawn access to the wiable portion of scutc
nerve (Fig 101)
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Figure 99 Operaure exposure of the woutic nerve and its
divruons 1a the popliteal regron showing sutbor s Z incison.
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XVI

THE FOOT

Injury to the foot 1s considered more dis
abling than wnjury to the hand It immed:-
ately puts a man on crutches, if not 1n bed
The pain element 1 foot injuries 1s as de
moralizing as pain in the hand, and when
the plantar surface of the foot 1s anesthetic
trophic complications must lead to eventual
amputation, While great stndes have been
achieved in clanfying the surgical anatomy
and mechanics of the hand the attention
gven to similar injunies of the foot were
found to stll be inadequate This work on
the foot was compiled during the study and
repair of gor nerve injuries to the leg and
foot. Every procedure whether old or ongi-
nal, 1s presented only from the surgery of
actual cases.

The radical re routung of the tibial nerve
i the Jeg for repair of extensive gaps mn
the plantar nerves in the foot, 15 here pre
sented for the first tume

THE INTEROSSEI MUSCLES
OF THE FOOT
(4 Dorsal—3 Plantar)

The interosser he in the intervals be-
tween the metatarsal bones (intermetatarsal
spaces)

DORSAL INTEROSSEI
(Fig 102C)
Origin

Two heads from eicher side of the meta
tarsals

138

Insertion
Dorsal aponeuroses of first phalanges—
second third, and fourth toes.

Action

Flexion of first phalanges.
Extension of second and third phalanges.

Nerve
Tibial by lateral plantar branch.

PLANTAR INTEROSSE!
(Fig 1024)

Origint
By a single head from metatarsal bones
(medial surface) of third, fourth, and
fifth toes

Insertion

Aponeuroses of third, fourth, and fifth
toes on the mesl sde

Actron
Flexion of first phalanges.
Extension of second and third phalanges.

Nerve
Tibual by lateral plantar branch.

LUMBRICALES MUSCLES
(Fig ro2B)
Origin

Tendons of flexor digitorurn longus 1
the manner shown 1n the diagram.
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Insertion
Dorsal aponcuroses of sccond, third,
fourth, and fifth toes.

Action
Flexion of first phalanges.

Nerve
Lateral plantar for second, third,
Tibual) and fourth.
Medial plantar for firse,

THE DORSAL APONEUROSES
OF THE TOES

The dorsal aponeuroses of the toes are
essentially like those of the fingers They
are formed by tendons of extensor brevis,
extensor longus, the interosser, and Jum-
bricales.

MUSCLES OF THE MEDIAL AN
LATERAL PLANTAR REGIONS

Fig 103B shows the anatomy of the
and lateral plantar group of muscles.
muscles are comparable to the then
hypothenar group of muscles of the
(Fig 23A)

Origin
The flexors of the fifth and great tc
2 common ongn 1n the region of th
plantar ligament, while the abduc
the fifth toe and great toc have a co
origin from the calcaneous (Fig 1c

Intsertion
Shown 1n Fig 103A and 103B

Imervation
“The lateral plantar group are suppl
the lateral plantar nerve and the
plancar group by the medial plantar
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Insertion
Dorsal aponeuroses of second, third,
fourth, and fifth toes.

Action
Flexion of first phalanges,

Nerve
Lateral plantar for second third
Tibual} and fourth.
Medual plantar for first.

THE DORSAL APONEUROSES
OF THE TOES

The dorsal aponeuroses of the toes are
essentually like those of the fingery They
are formed by tendons of extensor brevis,
extensor longus, the interosser, and lum-
bricales

MUSCLES OF THE MEDIAL AND
LATERAL PLANTAR REGIONS

Fig 103B shows the anatomy of the me
and lateral plantar group of muscles. T
muscles are comparable to the thenar
hypothenar group of muscles of the t
(Fig 134)

Origin
The flexors of the fifth and great toc |
a common origin 1n the region of the |
plantar ligament, while the abductor
the fifth toe and great toe have 2 comr
origin from the calcaneous (Fig. 1031

Insertion
Shown in Fig 103A and 103B

Innervation
‘The lateral plantar group are supphed
the lateral plantar nerve and the me
plantar group by the medial plantar ne;
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THE PERONEAL NERVE

The common peroneal nerve 1s the nenve
for domsiflexton (cxtension) of the foot
Paralyws of this nene gives foot drop The
peroneal nenve 1n the foot 1s comparable to
the radual nerve for the hand, paralysis of
which gnes wnst drop

ANATOM?Y

The common peroncal nerve 1s the lateral
component of the scratic nerve It ss formed
by fusion of the upper four posteror divi-
sions of the sacral plexus and takes ongin
from Ly, Ly, Sr, and Sz roots of the spinal
cord. Tt descends obliquely 1n the pophteal
fossa to the head of the fibula (Fig ro7)
Then, 1n between the tendons of the biceps

femons and lateral head of the gastrocne-
muus 1t passes over the neck of the fibula
where 1t divides beneath the peroneus longus
muscle into the threc components deep
peronecal  superficial peroneal and recur-
rent articular of the knee jount. The deep
peroneal nerve supplies the antertor tibial
group of muscles, the superficial peroneal
supplies cutancous sensation to the lateral
surface of the leg and dorsum of the foot and
motor to the peroneal muscles (Fig 107)

COURSE AND DISTRIBUTION

a (Fig ro7)
b Motor and Sensory Supply

.
MoTor SENSORY
cootmon peroneal articalar to knee jomnt—lateral
sural cutaneous of common pero-
neal joins the medul sural cutane
ous of ubial to form sural which
supphies the skin over dorsolateral
leg and lateral nde of foot
deep peroneal cutaneous to adjacent nides of first
tibualis antenor two toes
extensor
digitorum longus
extensor bollucs
Jongus
peronens tertius
extensor digitorum
e brevis
peus lon, lateral surface of leg and domum
perenea) f::»em brcgy: of foot and adjacent ndes of two
to five toes
Tecurreng ] knee jount
i tibto-fibalar yoat
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LEVEL OF LESION AND
CHARACTERISTIC SYMPTOMS

Involvement of the mamn trunk of the
common peroneal nerve gives loss of abiity
to dorsiflex the foot and proximal three
phalanges which results in foot drop (Fig
108) A steppage gat resules. The patient
raises the knee high 1n order to Lift the toes
above the ground and ‘slaps the foot down
There 1s also a loss of ability to abduct or
evert the foot (Figs. 109A and 110) and an
atrophy of the nibial and peroneal muscles
with anesthesia over the lsteral surface of
the leg and dorsum of the foot (Fig r11)
Injury in the region of the ankle may pro
duce loss of extension of the toes When the
deep peroneal nerve 1s injured below the
level of supply to extensors longus and
tibialis anterior there 1s isolated paralyss
of the extensor of the great toe (Fig 112)
Sensory loss 15 shown 1o Fig 113 Partial le-
sions will give solated paralysis of muscles
mvolved. Paralysis of the superficial per-
oneal nerve gives paralyms of the peroneus

longus and brevis muscles, with everson of
the foot on dorsifiexion (Fig 109B) The
zone of anesthesia 13 shown 1n Fig. 114.

SURGICAL ANATOMY
(Fsg 100)
INCISIONS FOR

OPERATIVE EXPOSURE

Refer to the incisions m Fig. 98A Thu
incision may be continued down the ante
rolateral surface of the leg for exposure of
divisions of the peroneal nerve

CROSS SECTION
(Fig 98C)

SPECIAL PROCEDURES

By using the special Z mncison 1 pop
liteal space and by freeing adequately the
nerve a gap of ten to twelve centumeters
may be overcome by flexing acutely the
knee
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Fgure 108 Common peroseal nerve paralyns, showlag foot
drop effect.
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F gore 110. Common peronesl nerve paralyss n the right
foot resalting in1 (1) foor drop (a) everuon of foot) and
(3) loss of ability to dormflex the toes The left foot n

normal
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~

iy

7 A

Figurs 111 Common peroncsl perve prnlysis showing sen

sory lois
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Figure 112. Deep peroacal nerve paralyws. The nerve infury
is below the lev | of the supply to the extensor digitorom
longus and tibials antenor csumng holited parzlyns of the
extensor of the great toe.
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15:

Figurs 11y Decp peronesl nerve paralyns showing sensory
loss.
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Figure 114. Superfical peroneal perve perafyms, showing

semory lon.
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THE TIBIAL NERVE

The ubsal nerve ts the medial component
of the scianic nerve and 13 the most imporant
nerve of the calf and foot It 1s comparable
in importance and functron to the foot as
1 the combined function of both the median
and ulnar nerves to the hand The tibual
nerve 13 by far the most important portion
of the sciauc nerve masmuch as 1t supphes
all the calf muscles for walking and all the
flexor muscles of the foot and toes for plan
tae flexion as well as sensavon and tacule
ducrimuination to the plantar surface of the
foot.

The walk i tsbial perve paralyns 15 very
much the same as that with an acuficial imb
and, tn addition, trophic changes result with
eventual ulcers that do not heal

The tibial nerve 15 the important nerve
of the leg and foot in walking

ANATOMY
(Fig 115)

The tibial nerve 15 the medial component
of the scratic nerve It takes ongin from the
anterior divisions of the sacral plexus and
roots of ongin are from L4, Ls, S1, $2, $3
roots of the spinal cord It descends along
the back of the thigh and through the poplic-
cal fossa o the lower portion of the poplt-
eus muscle, where 1t enters beneath the arch
of the soleus along with the popliteal artery
It continues along the back of the leg with
the posterior tibial vessels to the space just
above the medial malleolus, where 1t dinides
into the medial and Jateral plantar nerves
The media! and lateral plantar nerves con-
tinue into the foot and supply all the small
muscles

COURSE AND DISTRIBUTION

a. Diagram (Fig 116)
b Motor and Sensory Supply
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Motor SENSORY

Leg gastrocpemus medil sural cutancous of tibul
plantans and lateral sural cutaneons of the
soleus peroncal joant to form sural nerve
pophiteus
dbualy postenor sural nerve supplies cutaneous co
Bexor digitorum darsolateral part of leg and laten!
longus (pedis) ude of foot
flexor halluas
Jongus

Medul plantar comparable to me.|
dun nerve of hand

flexor digitorum brevis
abductor hallucy
first Jumbricales

medal ude of the sole
medal three and one half too—
phntar surface

Lateral plantar comparzble to
ulnar nerve of hand

quadratus plantae

abductor digity qunn

flexor digit: quint brewis
opponeus digits gt

abductors hallucis transverse and
oblique

3 plantar snterosse

4 domal 1nterosse

3 lateral lnmbncales

Lateral portion of sole
lacersl ome and ooe half plmusr
surface

Tibual nerve sensory loss 15 shown

m Fg 117

]

TESTS OF MUSCLE FUNCTION AND THE INTACTNESS

flexor hallucus longuy

OF THE TIBIAL NERVE
NErVE MuscLE TesT
tibul Ly $1 Sz flexor digitornm Jongus flex roes aguinst rewstance

LEVEL OF LESION AND

Pathologic anatomy of tibial nerve paral

CHARACTERISTIC SYMPTOMS

Injury of the mamn ubral trank above the
level of the poplizeal region produces loss of
abihity to plantar flex adduct, or invert the
foor (Fig 118) loss of ability to flex, abdact
(separate) or adduct the roes. Loss of plan
tar flexion of toes (Fig 119) may cventually
produce a claw foot (Fig. 120), and at-
rophy of the calf and foot muscles develop
Vasomotor and trophic changes are frequent
(Fig. 121) and pain (causalgiz) 13 observed
n some incomplete lessons.

ysis 1s shown 1in Fig 122

Inpury at the ankle involves only the me
dial and lareral plantar nerves with resultant
paralyns of the toes, marked atropby of
plantar muscles, with hyperaction of dorsal
extensors producing the appearance of pes
cavus, complete anesthema of the sole of
the foot and plantar surface of toes (Fig

123)

SURGICAL ANATOMY
(Fig 115)
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INCISIONS FOR
OPERATIVE EXPOSURE

A review of the anatomy of the leg reveals
that the tibial nerve Les beneath the calf
muscles, the gastrocnemuus and soleus, and
adjacent to the postenor ubial muscle The
best surgical approach 1s by a longitudinal
incison over the mesal surface of the leg
and approached beneath the fascial plane of
the soleus muscle* (Fig 124A) This incision
may be continued proximally when 1t s
necessary to reflect the soleus muscle in the
presence of a very extensive tibial nerve de-
fect. The ubial nerve must never be ap-
proached through the calf by a posterior in
ciston mnce the muscles are 3o constructed
that they cannot be spht in the direction of
their fibers, The trauma produced by pene-
tratng the calf muscles resolts 1n severe
post operative reaction as well as in severely
disabling adhesions between the calf muscles
It definstely impedes plantar flexion of the
foot.

SURGICAL EXPLORATION
(Fig 124C)

CROSS SECTION OF THE CALF

(Fig 124B) shows anatomic relationtnp
of the tbul nerve and also the surgical ap-
proach.

SPECIAL PROCEDURES

Re-rouning of the tibial nerve 15 necessary
for overcoming extensive gaps (Fig. 12f)
It 1s possible to overcome a gap of fifteen
centimeters in the tibial nerve by a careful
and radical re routing The longitudinal 1n
csion along the middle third of the feg onits
mesial surface 15 contnued upward along
the border of the soleus muscle mto the
popliteal region. The attachment of the
soleus muscle i9 severed and the tibia! nerve
exposed. By carefully freeing the nerve, and
stripping the motor twigs to the gastroc
nemius, popliteus, plantars, and soleus muos
cles, the nerve may be removed from the
popliteal space, and, with the knee m 2cute
flexion twelve to fifteen centimetess msy
be obtwned Repar of medil and lateral
plantar nerves with extensive gap, may be
performed after a re-routing of the tibul
nerve in the leg (Fig 126)
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;
| - - The tibial nevve Las-x S4-2-3
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Figure 116 (Modified efter McDonuld Green and Lsoge
CORRELATIVE NEUROANATOMY )
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Figure 117 Sensory Jow In tibul nerve paralyms. The healed
wound over the mernl rarface of the leg Is cleary noted,
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Figure 118 Tibul nerve paralyns, revalung in the loss of
plantar flexson of the foot and ankle atrophy of the calf
muscles, and & sensory lon
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Figure 121 Trophlc ulcer In tibul nerve paralyns.
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Figure 123 Medul and Lceral plintar nerve parabpls pro-

ducing (1) marked wtrophy of the plantar muscles; (1)

loss of plantar flexsoa of all toes and (3) hypersction of
d

the dorml P the of a hugh
esch (pes cavis)
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A. Inoision for excposure
of the tibel nerve

:
b

@t long dig et hallucis

Mm. peron. long et brevis
M. tib. post. Av
! Av b, post
Av peronacs.
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XIX

INJURIES TO THE CRANIAL NERVES

The cramal nen s most frequently injured
are the facaal (VI1), spinal accessory (XI),
the hypoglossal (\II), and the recurrent-
laryngeal of the vagus.

Paralysis of the facial nermve results in
complete facial paralysis Tig 127 shows the
anatomy of the nech and facial nenve Tig
128 shows the incision and exposure of the
facual nerve

Paralysms of the spinal accessory nerve pro-
duces atrophy and paralysis of the trapezius

muscle and shoulder drop (Figs. 129, 130)

Paralysis of the hypoglossal nerve results
in atrophy and deviation of the tongue
(Figs. 131 and 132)

Paralysis of the recurrent laryngeal or
vagus nerve produces paralysis of the vocal
cord with hoarseness and difficulty 1n swal-
lowing

Figs 133 and 134 show incision and expo-
sure of the vagus hypoglossal spinal acces-
sory, and recurrent laryngeal nerves.
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L

Figare 129 Spiml accemory nerve paralyss with trapexius
strophy and shoulder drop
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Figure 1y0. Spinal accessory nerve paralyus. The patent u
attempting to shrug hu shoulden
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Figure 131 Twelfth crunlal (hypoglomsl) nerve panlyss ln
¢ neck myury with bemiatrophy of the tongue
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Figure 132 Hypoglonal nerve mjury with devaton of the
tongoe.
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Figure 133 A huled maston in s flexion crease for the ex
posure of the hypoglosal nerve In the neck.
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Fgure 135
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