


THE CERVICAL SYNDROME



Publication Nronber 334
AAERICAN LECTURE SERIES®

A Monograph in
The Bannrasto® Digon of
AMERICAN LECTURES IN ORTHOPAEDIC SURGERY

Edited by
CHARLES WEER GOFF \ID
Associste Clhimical Professor Ortbopaedic Surgery
nd

Lecturer m Anat
Yale Unrversity School of Aledicine
Visting Orth dic Surgeon Newington Hospital
for Crippled Chidren
Y isiting Professor Pbysical Amtbropology
Hartford Seminary Fowndation, Hartford




(Second Edstion)

THE
CERVICAL SYNDROME

By
RUTH JACKSON, BA, M.D., FACS

Clnncal Assistant Professor
of Orthopacdic Surgery
The Umversity of Texas
Soutbwestern Medical School, Dallas
Attendmg Ortbopaedic Surgeon
Baylor Untversity Hospital
Formerly Chief of Qrthopaedic Surgery
Parkiand Hospstal
and
Instructor m Orthopaedic Surgery
Baylor Unrversity College of Medicme
o Ddlla.r‘ Tegas

CHARLES C THOMAS PUBLISHER
Sprmgfield Hlinos UsAa



CHARLES C THOMAS PUBLISHER
Bannzamove House
301 327 East Lawrence Avenoe, Springfield, Ilinons, USA.

Published stvadtameously in the British Commorwenlth of Natlons by
BLACKWELL SCIENTIFIC PUELICATIONY, LTD OUFORD, ENGLAND

Publisbed somiltancowsly in Canada by
THE RYERSON PRE3S, TORONTO

This book o protected by copyrght. No part
of it may be reproduced m sny manner wth
out wnften permission from the publisher

@956 and 1958 by CHARLES C THOVIAS PUBLISHER

First kdrdon, January 1956
Second Edidon, July 1968

Library of Congress Catalog Card Number $58-10274

W b THOVIAS BOORS careful artemtion js given to all details

of murmfacturing ond dengm 1t is tbe Publisber's desire to

present books 1bat are satisfactory as to their pbysical qualities

axd artistic possibilities and appropriate for their particular use

THOVAS BOORS will be true to those lrws of quality that
assure a good pove and good uill

Primted m Fort Worth Texas m the United States of America



FOREWORD

T}mu: are few problems of greater complenity than
what the author calls the cervical svndrome It &5 truly
kaleidoscopic 1n 1ts ramified clinical mamifestations Many
men mght have yiclded to the temptanion of a purely
descriptv e approach and to handcuff the subject by ex-
tensnc subdivisions on purely observational grounds. Tt i
mn this parncular aspect thar Dr Jackson s monograph 15
notably different. In her quest to ginve the mass of svmp-
toms which meet the ¢yc interpretatne meaning she not
only draws heavily upon informanon furmshed by the
basic sciences, but the whole structure of the work 1s
buile upon basic and recogmzed factors n the ficld of
anatomy and hinencs In her attempr to establish the causal
connections between basic facts and climcal mamfestations,
she succeeds uncommonly well

One of these facts 1s the relanon of the much ignored
unco-vertebral artculation to foraminal compression An-
other 15 the anatomical relations which the svmpathenc
nerous system of the cervical spine bears to certain pro-
jected localrzanons of pain

In perusing the book carcfully as the writer has done,

one cannot help but credit Dr Jachson of having devel
oped on the foundation of basic facts a clear cut pattern
of logical coherence berween the mamfestanon and back-
ground w hich should do much for che understanding of a
most difficult chrucal enuty

This present monograph 1s preceded by a number of
publications and mnstructional courses pertaining to this
subject which Dr Jackson has given for a number of years.
Her very large chinical expenence well documented 1n this

v



V1 FOREWORD

book enjoms the reader to giv e serious consideration to her
starements.

It has been my privilege to know Dr Jackson for
many years and to follow the keen mterest she has taken
1 thus subject and the earnest and mtensive studies she has
devoted to 1t. They have made her one of the foremost
authonities 1n thrs specific field

A. STEINDLER, M D
lowa Crty, lowa
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Clapter 1

INTRODUCTION

THE term Certtcal Syndrome 1s used to sigmfy a group
of svmptoms and chnical findings which occurs as a result
of rntation or compression of the cervical nenve roots n
or about the nter ertebral foramina before they divide into
antenor and posterior pnmary rami. The word syndromre
has been used with many other descriptive words to mdi-
cate special conditions at specific locations when in reahny
the true pathology 1nvolves the nen e roots themselves. The
vast number of these syndromes w hich are concerned with
head, neck, shoulder and arm pan and disabilines are some-
what confusing if one attempts to ranonalze concerning
thair etiological ssgruficance

An understanding of the anatomy of the cervical spine
and of the mechanism involved 1n cervical nenve root irnta-
tion will clanfy some of the confusion and will assure treat-
ment directed toward the true causanve factors

The development of the cervical portion of the spine
and the many congemital anomalies which occur are well
described by Hadley in his book The Sprne’* The excellent
anatomico-radiographic reproductions mn this book should
be studied by all who are mnterested 1n the cervical spine



Chapter 2

ANATOMY

THE cervical spme has certain defimte charactenstics
which make 1t more subject to injury than any other
portion of the verrebral column. I s vulnerably placed be
tween the dorsal spine, which s relanvely 1mmobile, and
the skull which 1s a weight that must be balanced on the
cervical spie and which s held 1n place by the supporung
capsular ligamentous and muscular structures It 1s neces-
sary because of the specral sense organs of sight and hearing
that the neck have g great range of mouon m all directions
The posion and the mobihity of the neck are therefore
two unportant factors mn 1ts vulnerability to injury

MOBILITY

The mobility of the cervical spine 1s dependent upon the
composite motion between all the vertebrae and not upon
the small amount of moton which occurs between any two
of them The shight fleabilrty of the intervertebral discs, the
shape end inchnanon of the pnmany arucular processes
and therr incomplete apposiion as well as the siighr laxty
of the higamentous and capsular structures determme the
range of normal motion.

The special architectural design of the atlas and axis, or
the first two cervical vertebrae, permirs nodding rotation
and lateral bending movements of the head The head and
atlas move primarihy g one unut on the axs n rotation and
lateral bending moyvements. Due to the shape of the atlanto-
occipital articulations and the Iaxness of their joint capsules

4



ANATONDY 5

nodding moy ements are farrhy free. The range of bachward
motement 18 greater than the range of forward movement

The motion between the atlanto-axal jyonts tahes place
around transverse, anteroposterior and verncal axes. Nod-
ding or bending the head forward and bachward, occurs
about the transi erse axis. Bending the head sidew avs occurs
about 2n an croposterior axis which s inchned upwards
and forw ards so that when the head 1s bent to one side the
face s slightly turned towards the opposite side Rotation
of the head occurs around a vertical axis (Figure 1)

Fictae 1 Axes of moton (A) Noddin

(B) g occurs about & transverse axiy,

hmﬂbmdmgocmnbommmr:mpoﬂmorlm.(C) Roustion
occurs sbout a verucal avs,
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2 Radi of the first two cervical verrebrae which show
?h-er:th.:mmrp n';?}::pt,mnl mawcs of the atlss to the odontoid process
of the ans. The heads are straight I (A) and (C) The head h rotated
w the lefe n (B) and in (D) the head w0 mm:;ld ;:;‘hc dg;uhﬂ;crehl

the relanonshup of the atlanto-a ts, and the latera
e c- p-' ship with the odontold process m

~
3
$-
Ficurt 3 Fracture of the base of the odontoid procem with lseeral
tilting toward the left lateral maw of the atlas s shown m the radiograph

m (A) Thus patient, age mune, was hre In the back of the neck with a
suick when he wat fn s stooped posion. It was necessary eventually o
fuse the firr and second verrebrae.

A nudmentary dxscbtmrcntbcodanmldpmommdlhebodyof
the axrs 13 shown m (B) This panent, age eight and a brother of the
paoent shown m (A) fell our of bed. Note the line of decreased density
st the base of the odontoid the shape of the odoatold and the relsnon

ship of the lateral meses to the odentord and to each other




8 THE CERVICAL SYNDROME

As rotation of the head and atlas takes place upon the
axss the inferor facets of the atlas shp forward and back
ward over the superior facets of the axis. As one watches
this rotatory movement 1t can be seen that the lateral masses
of the atlas change therr relanonship to the odontord pro-
cess Turning the head to the left, let us say, causes the
anteromedual surface of the night lateral mass, or articuler
process of the atlas to approach the odontoid process, while
on the left side the posteromedial surface of the left lateral
mass approaches the odontoid process In radiographic films
the relanonstup of the lateral masses of the atlas ro the
odontoid process appears the same as if the head and atlass
had not been rotated (Figure 2) Any appreciable dispro-
portion between the lateral masses of the atlas and the
odontoid process of the axis as seen 1n radiographs s due
to a lareral subluration of the aleas on the 2us, to 2 frac-
ture-displacement of the odontoid process or to 2 con
genital anomaly (Figure 3(A)&(B))

The arucular surfaces of the lateral masses of the atlas
and the superior arucular processes of the axas are not at
full appositon w hen the head 15 facing sraght forward, so
that slight nlung of the head to one side 15 the positon of
greatest ease and stability *

AMoton 1n the other cervical joines consssts of forward
flexion, hyperextension, lateral bending and rotation. Here,
also the pnmany or posterior argeulations are not n troe
apposiion when the head faces straight ahead so that the
position of esse and stability occurs when the head and
neck are ulted shghtly to one sde.

Movement in the cervical area 15 verv free when that
porrion of the spine 1s considered as 2 whole. The plane
of the artcular surfaces faciitates flexion and hyperex-
tension but prevents lateral bending to occur withour some
degree of rowmuon, of rotation to occur without some de
gree of lateral bending (Figure 4A&B) Forward bending of
the neck causes cach of the spinous processes o scparate
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from cach other, whercas hvperextension causes them to
approumate each other Ficlding” has shown by ancradio-
graphy that there appears to be a ghding movement be
tween the verrebral bodtes, which 1s due, of course, to the
clasnaiy of the nucleus pulposus of the intertertebral disc
which tends to cqualze the pressure in each disc as the
bending movements tahe place* The arrangement of the

Frcuxe 4A. Anteroposerior x-ray film of cervical spine
made with ch
mdhrmrmkmmulmmnpamtdb)lntn]bmdmg ¢
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As rotanon of the head and atlas takes place upon the
ans the mfenor facets of che atlas slip forward and back-
ward over the supenior facers of the axs. As onc warches
ths rotatory movement 1t can be seen that the Iateral masses
of the atlas change their relationship to the odontaid pro-
cess Turning the head to the lefr ler us say, canses the
anteromedral surface of the nght lateral mass, or arncular
process of the atlas, to approach the odontoid process, while
on the left side the posteromedial surface of the left lateral
mass approaches the odontoid process In radiographic films
the relanonship of the lateral masses of the atlas to the
odonroid process appears the same as if the head and atlas
had nor been rotated (Figure 2) Any appreciable dispro-
portion between the lateral masses of the atdas and the
odontord process of the awis as seen mn radiographs 1s due
to a lateral subluxanon of the altas on the axis, to a frac-
ture-displacement of the odontoid process or to 2 con
genital anomaly (Figure 3(AY&(B))

The artrenlar surfaces of the lateral masses of the atlas
and the supenor articular processes of the axs are not at
full apposiion when the head 1s facing straighe forward, so
that shght along of the head to one aide 15 the posiaon of
greatest ease and stability *

Motion 1n the other cervical joints consists of forward
flewion, hy perexrension, lateral bending and rotatron. Here,
also the primary or pastenior articulations are not m true
apposition when the head faces straght ahead, so that the
posiion of ease and stabihey occurs when the head and
neck are tilted sbghtly to one nide

Movement in the cervical area 8 very free when that
portion of the spmne 5 considered as 2 whole The plane
of the arncular surfaces facilirares flexion and hy perex
tenszon but prevents lateral bending to occur without some
degree of rotanon or rotation to occur without some de
gree of lateral bending (Figure 4A&B) Fonward bending of
the nech caases each of the spmous processes to scparate
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abnormal range of mation or shpping betw cen the arncu
lar surfaces.

JOINTS

The lateral atlanto-axial joints are inclined shghtly Jater-
ally and downward and are known as plane jomss (Figure
5) The nfertor artrcular surface of each lateral mass of
the atlas 18 somew hat concave to conform ta the comvex
arncular surface of the supenor facets of the axis. The
superor facers of the axwis are placed on the body and
pedicles and 1t 18 through them that the weight of the head
1s transmitted from the lateral masses to the vertebral
bod.lcs below

B R
’ J %— i iﬁ 7
%2 A%

PASTERIOP ANTERIOEy

e

r -\.& GROOVE FOR FIRST CERVICAL N
ﬁ GRODVE FOR VERTEBRAL A

ﬁ CROOVE FOR SECOND
- < 8 ,A..J CERVICAL N |

“L R

DR
&
e

Y INTERVERTEBRAL FORAMEN
0BLIQUE

Frgone § Ad.mm—u:ul ardeulanons.

The medial atlanto-axal joint or the articulation of the
odontoid process wath the atlas, s 2 prvot joint with two
synovial cavines, one berween the anterior arch of the atlas
and the odontoid process and the other berween the pos-



10 THE CERVICAL SYNDROME

fibers withmn the discs defintely restnicts movement be
ween adjacent vertebral bodies, but 2 munmmum amount of
motion does occur m all directions.

‘The hgamentous and capsular structures are somewhat
lax to permut 2 normal range of monon. Undue larness
gives rise to subluxations of the articulanons, or allows an

g
g

Ficoxr. 4B. Anteropostenor x rsy film of cervical spine made
neck m larerel bendmy Lateral bendmg i accompansed by rotsmon.
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tord process which occur as a resule of fummum trauma, as
well as for the so-called epiphs seal separations of the odon-
toid processes which occur n cluldren (Figure 3(B))
Other congenital anomalies of these two vertebrac arc well
described and illustrated in Hadley s book The Spie ™

The joints of the cervical spine below the atlanto-axal
arnculations are of specal design In the dorsal and
lumbar areas of the spine there are three articulations be-
mween cach two adjacent vertebrac the two postenor or
apophyseal jomts and the sccondany carulaginous joint or
the nten ertebral disc. In the cervical area, however, there
are two mrerbody articulations Or a total of five artcula-
tions berween each two vertebrae (Figure 9)

The postenor jomnts are formed by the arncular pro-
cesses of the vertebral arches. The articular surfaces of
these jomts are almost flat and the planes of the jomts face
obliquely upward at an angle of approvimately forty-five
degrees, except between the second and third vertebrac
where the angle of inclination vanes (Figure 7)

ANGLE OF INCLINATION (APOPHYSEAL JOINTS)

2E

Freuxz 7 Angle of wnclinanon of the postenor or 1pophyseal jolnm.
Note vanstions between C2 and 3 (Tmnglofxﬂyﬁlms.)l

The nters ertebral dises 2re unusual in the cervical area.
The verucal dumeter or the heghr of the discs 1 two or
three tmes greater ar the antenor margins than at the pos-
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tertor surface of the odontoid and the transverse hgament
of the ans (Figure 6)

ANTERIOR LONGITUDINAL

LIGAMENT

APICAL LIGAMENT

SUPERIOR
BAND

JOINTS

POSTERIOR
LOMNGITUDINAL

ACCESSOR LIGAMENT
ATLANTO-AXIAL AXIS
LIGAMENTS
Faure 6. At | Ig Nore the thick of the tramvere
legament,

Excesave movement in the atlanto-axal jomnts in any
direction 1s checked by the special higaments of these verte-
brae (Figure 6) These check ligaments, mcluding the cap-
sular ligaments, are ver) strong and are responsible for
mamtunmg the head and atlas 1n thewr proper relanonstup
to the am. The odontoid process of the axis provides 2
prvot pnimanly and does not by uxelf prevent luxation of
the head and atlas on the axs. Anterior dislocation of the
atlas on the axis can occur only when the restruming higa
mentous and capsular structures are torn Posterior disloca
ton can occur onhy 1f these structures are torn and there
1s a facture of the anterior arch of the arlas, or if there s
a fracture of the odontoid process

A rudmentary disc may be found berw een the odontoid
process and the bodv of the axis 1n some mnstances This
accounts for some of the fracture-dslocatons of the odon-
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bodics of the vertcbrac and the corresponding beseled
areas on the inferior surfaces (Figure 9)

Van Luschha®* described these articulations in 1858 as
true jomes with capsules, svnovial hnings and articular
carnlage He gave them the name of hemuarthroses inter-

Anatorny of Disc ¢ Ligaments
m Cervical Spine

t
Post long 1 suPerIoR VIEW (5%)
g

Frctar 9 Intervertebral disc and lsteral mterertebral joints. Disc does
not exepd to lateral mde of verrebral bodics because of the lareral
nteryertebral jownts,

vertebrales laterales.” Trolard®® descrnibed them 1n 1892 and
called them articulanons uncovertebrales  Cunnmingham s
Text Book of Anatomny* pomts out that the artucular pro-
cesses of the altas and the supenor articular processes of
the axs are placed on the body and pedicles rather than
at the juncuon of the pedicles and laminae as they are m
the other areas of the spine The atlanto-ocaipital and the
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terior margins, which perruts a normal forward curve m
the cervical area of the spine and permuts the discs to con
form to the contour of the vertebral bodies. This character-
1stic occurs 1n the lumbar area, but for the most part to a
lesser degree (Figure 8)

The nucleus pulposus of a cervical disc 15 placed shghtly
antenor to the middle of the disc The annulus fibrosus of
the disc 1s thicker posteniorly than 1t 1 anteriorly and 1t
bulges or protrudes antenorly bevond the adjacent ver
tebral bodies (Figure 8)

ANTERIOR
LONGITUDINAL
LIGAMEN

NUCLEUS

LIGAMENT

CERVICAL LUMBAR

Froure 8 \ledon section of cervical and lumbar vertebrae to show pou-
von of nockus pulpoum and verdeal dismeter of discr

The cervical dses do not extend to the lateral and pos-
terolateral margins of the verrebral bodes, 1n as much as
there are interbody articulattons located at these areas.
These interbody arnculanons are formed by the upward
posterolateral projections on the superior surfaces of the
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ligament extends across their curved posterolateral margins
The capsular ligaments anse from the posterolateral sur-
faces of the vertebral badies and from the deep laver of the
postenior longitudinal ligament which 15 a strong two-
Iay ered structure 1n the cervical area. The superficial laver
of the posterior lonmtudinal ligament covers the capsular
ligaments postenorly and laterally The capsular hgament
passes obliquely across the margins of the interbody jomts
to gan attachment close to the margin of the upward
lateral projection of the adjacent distal vertebra (Figure
11) This provides for a more extensne provimal attach
ment of the hgament than distal attachment The capsular
higaments are short and taut, and therefore, lack the laxiny
which 1s characteristic of the capsules of the posterior joints

—

SUPERFICIAL LAYER f
POST LONGITUDINAL

LIGAMENT
1 EDGE
(cuT E0GE) DEEP LAYER
POST LOMSITUDINAL
LIGAMENT |
LATERAL
INTERVERTEBRAL CAPSULAR
JOINT LIGAMENT
ANNULUS
FIBROSUS

]

Fictxe 11 The two-layered postenor longroudmal Iy
gament and the
caprular Iigaments of the lateral intervertebral jolnts.

The presence of a space betw een the articular surfaces of
the posterolateral areas of the vertebral bodses 35 shown m
Figure 12 A radio-opaque matenal was mnjected into some
of the interbody arnculanions of 2 specimen and then
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atlanto-axal jomts correspond to the small joints between
the bodres of the other cervical vertebrae rather than to
the postenor aracular processes. This arrangement leaves
the fiot and second nerve roots lymg posterior to the
lateral jomts wathoue intervertebral foramma (Figure 10A)

The other nerve roots lie anterior to the pasterior articu

lations and posterior to the joints between the Jareral por-
ron of the verrebral bodies or within definite foramina or
canals (Figure 10(B))

L NERVE
RooT

Figuxx 10. Interverte
bral foramins (A)
Firs and second nerve
roots have no fom
mas. (B) Tjypical

Bovill,* 1n 1950 attempted to refute the existence of these
lateral interbody joints as true synovial jomes However s
study of gruss specimens reveals the presence of arucular
cartilage on the adjacent surfaces of the upward postero-
lateral projections and the beveled inferior areas of the
vertebral bodies. The mednal boundary of these articular
areas 1 the mcervertebral disc, and a well defined capsular
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Frourr 12 Arthrograph of a cervical spine Radlo-opaque marerial was
mjected into the lateral interbody jomts at (A) (B) (C) and (D) The
matern! has remauned withm the jomos st (A) (B) and (C) At (D) the
material has spresd mto the crevices of the degeneraced dise. The ma

teral was mjected 1o the disc at (E)
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radiographs were made of the specimen. Marked degene
ratve changes of the disc between the sixth and seventh
vertebrae can be seen. Here the radio-opaque material has
spread through the crevices of the disc, mdicating that
marked degeneratrve changes mn a disc disrupt the medml
boundanies of the corresponding mterbody jomts. Later
dissection of this area revealed the marked degeneration of
the disc and of the interbody joints. The arocular surfaces
of the jomnts presented a typical gross picture of chondro-
malacra, and there were spur formanons at the margmns of
the joints

These jomes are of great significance 1n the mechamsm
of cervical nerve root irntation because of therr close prox-
oty to the nerve roots as they pass through the mter
vertebral canals (Figure 10(B))

The author prefers to call these articulations betw een the
posterolateral surfaces of the bodies of the vertebrae the
lateral intervertebral jomts”™ or the lateral mterbody
jomts to distngursh them from the posterior or apophyseal
jomnts. It s possible that these interbody jomts are evolu-
tionary remnants of the synovial jomts between the cervical
vertebrae of lower vertebrates such as birds Theyv do not
occur 1n the Camidae but they are present mn the Pnmates,

BODIES OF THE CERVICAL VERTEBRAE

The bodies of the cervical vertebrae are flar postenorly
betneen the lateral intervertebral jomts, whereas the an-
tertor surfaces are curved with the inferor margmns jutong
downward (Figure 13)

The verucal duameter of the posterior portion of the
bodies 15 shghtly greater than the verncal diameter of the
antertor porion This s 2 contributing facror in the dif-
ference between the verocal drameter anterorly and pos-
teriorly of the mnten ertebral dises To assure a forward
curve of the cenvical spine it 1s necessary that the vertical
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postenor surface of the body of the second cervical verte-
bra and a kne A’ B’ drawn parallel to the posterior surface
of the body of the seventh cervical vertebra intersect each
other at the level of the mterspace between the fourth
and fifth vertebrae. This indscates that the point of greatest
stress and strain occurs at the level of the fourth and fifth
articulations 1n hvperestension In the flexed posinon the
line AB and the line A’ B’ intersect each other at the level
of the interspace berw cen the fifth and sixth cervical verte-

Flouse 14A Areas of grearest sress and srain. Ponnt of
itersection of lines AB and AB mdicates level of
grestest sress and stram m hyperexrension (A)
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A SURFACES OF 4th CERVICAL
VERTEBRA

Superior Inferior

Frevxe 13\ ervebral bodles.

dumeter of the antenior porton of the disc be two or three
trmes greater than it 1s postertorly (Figure 8)

ARFAS OF GREATEST STRESS AND STRAIN

The joimts betw een the sixth and seventh cervical verte-
brae are the first freely movable joints ghove the dorsal
area, but the joints between the sixth and fifth and between
the fifth and fourth vertebrae are more vulnerable to stress
and strain and ro mjury than are any of the other jomnts.
Thrs can be ilustrated on lateral x ray films made with
the neck 1n hy perextenston and m flewon (Figure 14A&B)
In the posion of hyperextension the jomts between the
fourth and fifth vertebrac are at the apes of the forward
cune of the cervical spine, whereas the jams benween the
fifth and mxth vertebrae are at the apex of the backward
curve of the cervical spme when the neck 15 1n flexton In
the hyperextended position a line AB drawn paraliel ro the
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22 THE CERVICAL SYNDROME

brae, which indicates that the greatest amount of stress and
stramn occurs at this level when the nech s 10 flexion.
Limitaton of monon of the cervical spine from muscle
spasm or fixaton however, will alter the pomnt of greatest
stress and stram dependmg on the degree and level of
motion and the area of fixanon. In Figure 15(A)&(B) 1t
can be scen that there 1s degeneration of the mtervertebral
discs between C4 and C5, and C5 and Cé with narrowing
of the discs and hypertrophic changes. In hyperextension
the apex of the forward curve 1 at the body of C4 There

Faiaz 14B. Aress of grestest srem and smaln. Polnt of mntersection of
lines AB and A'B indicates level of grestest stress and sran m flexion
(B)
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Ficuaz 15 (E) and (F) (Sce legend page 73)
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Frounz 15 (C) and (D) (Ses legend page 23)
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be considered under mechansm of cervical nerve root irri-
tation.
The, sccond cervical nene, as it leaves the dura, passes

ANT PRIM RAMUS
FIRST CERV N

Ficure 16. Relsnonships of firt and second nerve roots.

laterally for a short distance of approximately one quar-
ter of an inch Here 1t rests on the midporuon of the
mednl margm of the atlanto-axial aruculanon It then fol-
lows the margins of this jomt laterally and shghtly down-
ward. It lies beneath the posterior arch of the atlas unal 1t
turns posteriorly within the wpper nech muscles. Its close
provnuty to the lateral jomt and the posterior arch make nt
potentially vulnerable to irmitation or compression as can
be seen 1 Figure 16
The intervertebral foramina formed by the other cervi

cal vertebrae are bony canals which are somewhat ovoid 1n
shape and which have greater vertical diameters than an-
teroposterior dumeters. The roofs and floors of the fora-
mma are formed by the grooves m the roots of the adjacent
vertebral arches The infenor groove of the proximal root
1s wider than the supenor groove of the infenor root so
that the roofs are definitely wader than the floors (Figure
10(B)) The posterior walls of the canals are formed by
the adjacent posterior artcular processes but pnmanly by
the supenor articular processes of the distal vertebrac The
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s fixanon of C4, 5 and 6 which decreases the backward
curve when the neck s m flewon so thar the pomr of
greatest stress and strain falls at the level of C6 and 7 How
ever as the degenerattve processes progress onc can see that
the points of greatest stress and strain are altered again, and
ligamentous instability 15 demonstrable above the area of
fixanon (Figure 15(C) and (D)) This mav be duoe to
sprain of the igamentous and capsular structures at this
area, as was true in this case, or 1t may be due to a com-
pensatory mechansm resuling from an artempt by these
jonts to take over the function of the fixed areas of the
neck.

Radiographs of this cervical spine made 1 1957 llustrate
further degenerative changes and fivanon. The only dem-
onstrable monon present occurs between the atlanto-ocer
pital joints and perhaps a very mmmal amount between the
atlanto-axial jomnts The pomts of mammum stress and
stram with further fixanon have shuifted upward (Figure
15 (E) and (F))

THE INTERVERTEBRAL FORAMINA

The absence of posterior articulations berween the head
and atlas and between the atlas and axis leaves the first two
nerves without actual mrervertebral foramma, as stated
above. However therr relsnonship to adjacent bony struc-
tures 1s important.

The first nerve root leaves the dura ar nght angles and
the nerve passes immedutely over the lateral porton of
the postertor arch of the atlas. It lies directly beneath the
vertebral artery for a short distance as the artery courses
around the base of the lateral mass of the atlas to enter the
dura It then hes behind the arrery before 1t turns back
ward to supply the sub-ocaipital muscles (Figure 16) The
supenor articulation of the atlas overhangs the artery and
nere root posteriorly—an important anatornscal fact ro
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be considered under mechanism of cervical nerve root 1rn
tation
The, second cervical nerve, as it leaves the dura, passes

ANT PRIM RAMUS
FIRST CERV N

Ficune 16. Relattonships of firse sd second nerve root.

laterally for a2 short distance of approwmately one quar-
ter of an inch. Here 1t rests on the mudpornon of the
medual margin of the atlanto-axial articulatnon It then fol-
lows the margins of this joint laterally and shighdy down-
ward It lies beneath the postenor arch of the atlas until it
turns posteriorly within the upper nech muscles. Its close
proximity to the lateral joint and the posternior arch make 1t
potentally vulnerable to wrmtation or compression as can
be seen 1n Figure 16

The intervertebral foramina formed by the other cervi-
cal verrebrac are bony canals which are somewhat ovaid m
shape and which have greater vertical diameters than an-
teropostenior diameters The roofs and floors of the fora-
mina are formed by the grooves 1n the roots of the adjacent
vertebral arches. The mfenor groove of the proximal root
1s wider than the supenior groove of the nfersor root so
that the roofs are definitely wider than the floors (Figure
10(B)) The postenor walls of the canals are formed by
the adjacent posterior arncular processes bur primanly by
the supenor arncular processes of the distal vertebrae The
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anterior walls are formed by the lateral porton of the
bodies of the adjacent vertebrae and the margins of the
mterverung mterbody articulanons., The anterior walls are
of grear sgmificance from a mechanteal standpoint, 1n as
much as the nerve roots pass directly over and are m n
amate contact with the margins of the lateral mterbody
jomts. The ghding motion which occurs between these
jomts whenever the head and neck are turned or moved m
any direction subjects the nerve roots to rrntaton if there
1s any mechanical derangement present.

The nerve roots Lie on the floor of the canals and fill
therr anteroposterior drameter completely The upper one-
eighth to one fourth of the foramuna, or the canals, 15 filled
with areolar and fatty nssues and small vens Small spinal
arteries wiuch are branches from the vereebral artery pass
back through the wtervertebral foramina to enter the verte-
bral canal. Mmute branches from the spinal nerves, which
are known as recurrent meningeal nerves, pass back through
the mtervertebral foramma, also

THE CERVICAL NERVES

The cervical nerves are formed by the union of dorsal
and ventral fibers, or roots, which anse on the correspond
g surfaces of the spinal cord These fibers, for the most
part, leave the cord within the spinal canal on a level with
the body of the corresponding vertebra This means that
there 1s not usually a contmuous flow of nerve fibers from
the cord but a short interval between each group of fibers.
These short intervals or spaces are on a level with the mter-
vertebral discs.

Figure 17 15 2 shetch of the ventral and dorsal surfaces
of the cervical spinal cord and the corresponding nerve
roots. It can be seen thar the upper fibers of each nerve
root pass obliquely downward with decreasing degrees of
obliquity to jomn the lower fibers at the lateral portion of
the spmal canal where the ventral and dorsal fibers pierce
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ancerior walls are formed by the lateral portion of the
bodies of the adjacent vertebrue and the margns of the
intervenng mterbody artculations The antenior walls are
of grear significence from a mechanical standpomt, m as
much 2s the nerve roots pass directly over and are 1 1n
tumate contact with the margins of the lateral interbody
jomts. The ghding monon which occurs between these
joints whenever the head and neck are turned or moved m
any direction subjects the nerve roots to umtaton if there
15 any mechanical derangement present.

The nerve roots lie on the floor of the canals and fill
thewr anteroposterior dsameter completely  The upper one
etghth to one fourth of the foramma, or the canals, is filled
with arcolar and fatty wssues and small vens. Small spinsl
arteries which are branches from the verrebral artery pass
back through the intervertebral foramina to enter the verte
bral canal Mmute branches from the spinal nerves, which
are known as recurrent meningeal nerves, pass back through
the intervertebral foramma, also

THE CERVICAL NERVES

The cervical nerves are formed by the umon of dorsal
and ventral fibers, or roots, which arrse on the correspond
ing surfaces of the spinal cord. These fibers, for the most
part leave the cord within the spinal cansl on a level with
the body of the corresponding vertebra. This means that
there s not usually a continuous flow of nerve fibers from
the cord but 2 shorr 1nterval berween each group of fibers
These short intervals or spaces are on a level with the inter
vertehral discs.

Figure 17 1s a shetch of the veneral and dorsal surfaces
of the cervical spmal cord and the corresponding nerve
roots. It can be scen that the upper fibers of each nerve
root pass obliquely downward with decreasing degrees of
abliquity 1o join the lover fibers ar the lareral portion of
the spinal canal where the venrral and dorsal fibers prerce
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the dura marer separately Both sets of fibers are mvested
with 2 common dural sheath as they leave the spinal canal.
The third to eghth, inclusive, enter the mrervertebral
foramina immediately As they enter the openings of the
mrervertebral canals they are at nght angles to the cord.
The ventral fibers, or the ventral nenve roots, are 1n mo-
mate contact with the margms of the lateral intervertebral
joints. The postenior fibers, or the postentor nerve roots, are
m mumate contact wrth the postenior supenor arucular
processes of the adjacent distal vertebrae.

Because of their close proximity to the anterior and pos-
terior walls of the intervertebral foramma the cervical
nerve roots are extremely vulnerable to compression or to
irntaton from any mechameal derangement or nflamma
tory condiion m or abour the foramma Such rmtation or
compression may cxuse pan and/or sensory and motor
disturbances anyw here along the segmental dstribution of
the nerves.™

THE SYMPATHETIC NERVOUS SYSTEM

The sympathetic nervous system plays 2 defimite role
in the picture of cervical nerve roor irrtation, also The
cenvical nerve roots are composed of moror and senson
fibers only whereas the dorsal and upper two lumbar
nerve roots contain white ramu commumcantes of the
svmpathetic nervous svstem as well The cervical nerves
have their connection with the sympathetic ner ous svstem
through the white rammu commumncantes of the upper two
dorsal nerves which join the sympathetie trunk by way
of their anterior prmary rami and proceed upward to the
cervical gangha Gray rami communicantes or postgang-
lonic fibers pass from the cenvical gangla to the antenor
prumary ram of the cervical nenes and are distmbuted
with the drvsons of the nerves, Other grav rami com
municantes pass directly or indirectly to most of the cranial
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nerves and peripheral branches pass to the pharany, to the
heart as cardiomotor neries, and to the arteries of the
head, neck and 2rms (Figure 18) *

Other postganglionic fibers make a commumeation with
the recurrent spinal meningeal nerves before these nerves
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pass back through the intervertebral forammna 1o supply
the dura and higamentous structures (Figure 19)

The postganghonic fibers which invest the mnternal
caroud artery give branches to the back of the orbi, the
dilator muscle of the pupil and the smooth muscle of the

POST PRIMARY
RAMUS

RECURRENT
HENIIOIGEAL

SYMPATHETIC
CONNECTION

Fravse 19 A recurrent spinal menmges! nerve and 1o sympatheuc
communication.

ANT_PRIMARY
RAMUS

upper eyelid Saoll other postganglionic fibers which sur-
round the vertebral artemes and its branches reach the
vesubular pornon of the ear (Figure 18) *

It must be remembered that pain-conducung afferent
spinal nerve fibers from the blood vessels of the head neck
and upper extremuues traverse the sympathetic trunk and
commuunicatng ramy, also **

In the consideraton of cervical nerve root irntation these
facts are of importance n as much as reflex stanulation
of the sympathetics may give rrse to symptoms and chmcal
findmgs which are secondary to irritanon of the cervical
nerie roots and which ar first thought may confuse the
picture

THE VERTEBRAL ARTERY

The anatomy of the vertebral arrery should be con-
sidered 1n this study because of 1ts close relanonstup to the
cervical nenves and to the cervical vertebrae It 15 the firmt
branch from the subclavian trunl It reaches the transverse
foramen of the sixth cervical vertebra by passing upwards
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and backwards betw cen the sealenus anticus musele and the
lateral border of the longus coll muscle As 1t passes
through the transs erse foramina of the sith to the second
cervical vertebrae 1t lies directly antenor to the trunks of
the cervical nenes and medial to the mtertransverse
muscles. As soon as the artery has passed through the trans-
verse foramen of the atlas 1t turns sharply backwards and
runs medually around the posterolateral aspect of the supe-
rior arncular process of the atlas which overhangs 1t it
then lies i the groos ¢ on the upper surface of the postenor
arch of the atlas. It then enters the vertebral canal and
runs upward through the foramen magnum into the cramal
caviy, where 1t pierces the arachnod and passes to the
low er border of the pons to umte with its mate from the
opposite side to form the basilar artery *

The vertebral artery s vulnerable to njury throughout
15 course 1 the cervical area when any trauma to the
cervical spine occurs. In as much as it 15 surrounded by 2
plexus of postgangliouc sympathenic nene fibers, mjuny to
1t may give rise to what might seem confusing symptoms.

THE DURA MATER SPINALIS

The dural covering of the spmnal cord 1s firmly fixed at
the margins of the foramen magnum to the second cervical
vertebra and to the thid cervical vertebra The distal
portion of the dural covenng blends with the filum term
nale externum 2nd extends downward to the back of the
coccyvx where 1t 1s fixed to the periosteum of this bone
Normally 1t 15 not fixed to any other part of the spine and
1t 15 separated from the walls of the vertebral canal by a
space called the cavum epidurale which 1s filled with soft
fat and a plexus of thin-walled vemns The spmal dura 1,
therefore, fairly free and s artachments do not interfere
with the free movement of the vertebral column On esther
side the spinal nerve roots prerce the dura and carny with



34 THE CERVICAL SYNDROME

them tubular covenings of the dura marer spinalis, which
are called the dural sleeves of the nerve roots

Injuries or mflammatory reactnons of the nerve roots or
the adjacent structures may result in the formation of ad
hesions between the dural sleeves and the capsular gz
ments adjacent to the nerve roots. The significance of this
fact 1s important 1n the consideration of the mechamism of
cervical nerve root irntation.



Chapter 3

THE MECHANISM OF CERVICAL
NERVE ROOT IRRITATION

Tm: mechanism of cervical nenve root iratanon can be
understood easily if one heeps in mind this bref review of
some of the perunent anatorucal facts concerning the
cervical spme.

SUBLUNATIONS

The capsular structures and the accessory  hgaments
which include the supraspmous hgament, the ligamenta
flava, and the antenor and postenor longitudinal hgaments
have sufficient laxty to permit a normal range of mouon
m the jomts of the cervical spine, Any undue laxness of
these structures permits subluxanons which produce alrera
tions in the intervertebral foramina, which in turn may
give mise to cervical nerve root irntation.

Postenor subluxations may occur with hyperextension
of the nech and result in an anteropostenior narrowing of
the nudpornon of the iwntervertebral foramina 1 thus
manner the postero-infenior margin of the beveled lateral
poruon of the body of the proumal vertebra approaches
the anteromedmal porton of the supenor facet of the
adjacent distal vertebra Compression of a nene root
occure, therefore, antertorly and posteniorly near 13 mid-
portion as if 1t were beng squeezed by a pincher A definyre
decrease i the verncal duameter of the mrerverrebral
fzt:)rzr(t:a)x\)m occurs, also with postenior subluxations (Figure

A posterior subluxation mav occur when the neck 1s

35
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placed m hyperextension, if the spmous process of one
verrebra overndes the adjacent distal spmous procese. A
lever like action occurs w hich forces the proximal vertebra
posteniorhy upon the distal vertebra

OBLIQUE VIEWS OF 4§ 5%
CERVICAL VERTEBRAE

At Lial i 1 1

(Pragvammatid) margin oty
“ “ inferson i o
Shaded Areas Incdicate !
Intervertebral
Forarmna

b ANTERIGR SUBLUXATION

lat bevellad area

© POSTERIA SUBLUXATION

Ficree 20 The cffect of subluxrnens on the interverrebml foramina

Anterior subluxations may occur when the nech s m
flexon and cause anteropostenor narrowmg of the fora-
mma, 2lso bur to a much less extent. The anteromedial
margmn of the infenor facet of the proximal vertebra ap-
proaches the posterolateral edge of the lateral projecuon
at the ade of the body of the adjacent drstal verrebra
However 1n ths instance there s not the same pmcher
effect as 1 the postenor subluxaoons m as much as the
compression forces do not approxmmate each other mn the
same plane or direcnon. There 15 an actual increase m the
verucal dmeter of the intervertebral foramma with the
nech s flewon (Figure 20(B)) =2

Shght alteration 1n the mtervertebral foramina oceurs
1n rotatzon and lateral bendmg of the neck and these move
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ments may aggravate the symptoms of cervical nerve root
irntaton
FORAMINAL SPURS

Degeneramve  changes abour the posterior arucular
processes and the lateral mtervertebral jomts with the
formanon of hvpertrophic spurs or ostcophvtes cause
further compression of the nerve roots. This 1s more
marked when subluxations occur or with extremes of
hvperextension and flexion of the nech However hy per-
trophic spurrmg about these jomts does not n self inds
cate rntation of the cervical nenve roots in as much as these
changes tale place over a long period of ume and monion
between these joints becomes limited gradually  The nerve
roots, therefore, have an opportumity to adjust themselves
somewhat to therr narrowed foramina In other words, the
nerve roots are able to tolerate the narrowing of ther

Figoae 21 Lateral x-ray view (A) of a specimen which appears to have
q:mfmmmdummtmrgnuofd:cmmbnlbodlaofa
wnd 6 Oblque niew (B) shows narrowing of the nterverrebral foramen

by the formation of spurs &t the margms of the lsteral mrerbod

y jont

Dmdonufdmlpcdm:urcrulcdmnpurfonmdomcnthepmmor
margms of the verrebral bodres.
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canals which occurs slow Iy over a long period of nme unal
some other nsult occurs such as injuny, schema, chemical
or inflammatory changes.

The most marked hy pertrophic changes accur about the
margns of the lateral intervertebral jonts and about the
postenior joints, Hypertrophic changes and spur formations
at the margins of the intenertebral disc joints posteriorly
are not found usually, although the lateral x-ray films may
give that mpression (Figures 21 and 22)

These changes at the margmns of the lateral inters ertebral
jomts may occur on one or both sides and mayv nvolve
jomnts at more than one level They arc found to occur
most frequently between the fifth and sixth and the fourth
and fifth verrebrae, which are the jonts most vulnerable
to stress and stran and to mjury However, they may
occur at amy level (Figure 23)

\-ray films, howeser do not reveal the true condinon

— .

Al

Ficoae 23 Hypertrophic changes and narrowed Intervertebral dises ot
vanous Jevels,
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nor the extent of the changes. Frequently radiographs are
considered to be normal when there s definite pathology
present. Figure 24A 15 2 lateral view of 3 cervical spme
which shows a pin placed i the lateral inters ertebral jome
postertorly  Figure 24B 15 a semi-oblique view w hich shows
the lateral tervertebral articulanon and the posinon of the
pin within the jomt. Dissection of thus specimen revealed
that there was marked bulging posterolaterally of this jomt
The arncular surfaces showed marked chondromalacie
changes, and there were marginal spurs present which ac
counted for the bulging of the jomnt Stmular changes were
present berw een the fourth and fifth vertebrae m this spec
men Certainly the radiographs do not indicate the extent
of the pathology which was present.

By the ome foraminal spurs can be demonstrated radio~
graphically the amount of foraminal narrowing s much
greater than can be seen due to the marked hypertrophy
or thichenmg of the capsular igaments, The nerve roots
1 these narrowed canals may become flatrened to conform
to the anteropostertor narrowing of the forammna or they
may be cronded into the drstal part of the canals to avord
the foramunal encroachment. Adhesions form between the
dural sleeves of the nerve roots and the adjacent structures
so that extremes of nech mouon produces s pull or rug upon
the dural sleeves of the nerve roots to add further iniranon
of the nerve roows.™

FRACTURES

Compression or writanon of a nerve root may be caused
by vanous types of fractures of the cervical vertebrae.
Swellng and hemorrhage mto the jomts or displacement
of a fragment of bone may be respoansible for foramumnal
narrowmg A fracture of a pastenor facet or of a vertebral
arch causes 2 mechanical derangement of che meervertebea!
canals (Figure 25(A)&(B)) These frectures are often
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[iGuxe 24A. Laters] x-ray of

y of 2 specimen A pm was pliced 1n the

postennor pornon of the lateral mtervertebral joint 1n (A) Poszon
of pin can be scen within the jomt m (B)
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Frauze 24B Senioblique x-ray of specrmen. A pin was placed m the pos-
tenor poroon of the lsteral mtervertebral joint in (A) Ponoon of pin
can be seen witun the jomrt (B)
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difficult to demonstrate i the usual radiographs, and fre-
quenthy they cannot be seen in films made immediately fol-
lowing an myury Tlexion-ablique views and lateral-obhique
views to show the postenor facets are necessary to demon-
strate these fractures.

Crushing fracturcs of the vertebral bodies may cause
backward displacement of the postenior fragment to alter
the inten ertebral foramma as well as the vertebral foramen
Such a displaced fragment mav cause pressure upon the
spinal cord and upon the ongin of the nenve root fibers
(Figure 25C)

8
e

Ficere § A fracture of s posteriar facer (A) or of a vertebral arch
(B) permuns forward lumstion of the mvolved vertebrs and causes
mx;hddmnpmrohhelmmembrﬂamhfomndh, that vertebra
wmd the contiguons verebrse. A postenorly displaced fragment of a

vertebral body canses of the jnterv
e vent ! ('amhs rertebral foramina and of
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Fractures of the lateral superior facets and of the poste
nor arch of the atlas may cause compression of the first
nerve root and of the vertebral artery Fracture of the
facets of the atlanto-axal aruculanon and of the lemina
of the axis may cause irmitanon of the second nerve root
(Figure 26) The close proumity of the vertebral artertes
to the lateral masses of the atlas and to the superior facets
of the axis makes these artenes extremely vulnerable to
mjury when fractures occur at these areas

Frune 26. Fractures of the stlas and axt which may
cume nerve root compremon. (A) Fracture of supenor
facet of stlas may caume presmure on Cl nerve root.
(B) Fracture of the posterior arch of the atlat may cxme
comprestion of erither C1 or (2 nerve root. (C) Fracture
of the mferdor facet of the atles may came irritstion of
(2 nerve root. (D) Fracture of the supenor facet of (2
may urrtate (2 or 3 nerve root. Fractures of the lamina
of the as (E) my produce swellmg and hemorrhage
with irntston of (2 and 3 nerve rooo.

DISLOCATIONS
Dislocaton of one vertebra upon another without any

fracture of the posterior structures occurs in fare instances.
A certam amount of cord compression and of nerve root
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compression 1 wnevitable  As the infenor facets are dis-
placed forward over the supenior facets of the adjacent
drstal vertebra the nierie roots mav be compressed 1nto the
bottom of the mterertchral canals by the ups of the
femor facets, or thev mav be compressed berween the
infenior facets and the upward lateral projections of the
adjacent distal verrebra

THE ROLE OF THE CLRVICAL DISC

All 100 frequently we hear the term  cervical disc’
used as a duagnesnc term Usually this term 15 meant to
convey that a cervical disc has been ruptured and that
the disc materal protrudes  posterolaterallh  as i the
lumbar area, to cause compression of a cervical nerve
For the most part thus 15 an erroncous 1mpression which
has developed because of the belief thar the cervical nerve
roors lie immedsately posterior to the mtervertebral discs.
Ths relationship does not exist Extrusion of disc matenal
laterally or posterolaterally would have to occur through
the lateral interbody arnculanon which s very unlikely

As shown 1 Figure 27A, the fibers of the cervical nerve
roots leave the cord at the level of the corresponding ver-
tebral body The most proumal fiber of each nerve root
leaves the cord at the level of the inferior margn of the disc
above it and the lower-most fiber of each nerve root leaves
the cord well above the margin of the disc below 1t. In as
much as the nerve root fibers converge with decreasing
obliquity to leave the spinal dura and the vertebral canal at
their lateral extremes, they are well protected from the
wnten ertebral discs by a safety zone” which 1s the postenor
portion of the corresponding vertebral body They leave
the safety zone” as they leave the spinal canal ac nght
angles to pass immedately into the intervertebral canals.
Here they are in mumate contact with the lateral mterbody
jonts and the postertor jomts, and by wirtue of therr post
uon between 2 potennal pincher they are extremely vul-
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nerable to msult on even the shghtest derangement of their
bony canals.™*

Posterior aspect

Anterio 2: ~4§ of upina.ldcord&
2o
metw Q d.-nmu ]?i.f
root fibers ament omitt
for clarity

Posterior > 5 Vartebra cut at
narve root root of arch
“— {ibers
Fizuze 27A. The “mafety” rone far the nerve roow. The nerve roots
do not pas over the Interveriebral discs. The ventral fibers rest upon
dmln:nlmtcrbody]ulnu.udleym-k:d:dru:kfromdn:pmlaml
to enter the inrervertebral canals, The body of the correspondmg verre
bra s their protection.
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Frovrx 27B Posterlor rupture of a cervacal dise. The cervical merve

roots are procected by the bodies of the vertebrac, and a postarior herns-
atsoa will resuke in cord compresson rather than nerve root compremon.
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It 1s possible for disc matenal to be extruded postenorly,
but sn this instance the materal would cause compression
of the spinal cord itself and would give nse to symptoms
of cord compression (Figure 27B) A relanvely large
amount of disc matenal would have to be extruded pos
teniorly 1n order to cause compression of the nene roats,
and, as stated this would cause compression of the cord as
well In this instance the svmptoms could be greatly apgra-
vated by fiexion of the nech

Extrusion of disc matenal 15 much less likelv to occur
posterolaterally or posterorly i the cervical arca than m
the other areas of the spine. This 1s true for the following
reasons

First, the mtervertebral discs do not extend to the pos-
terolateral margins of the vertebral bodies because of the
posterolateral aruculanons betw een the bodies of adjacent
vertebrae. These jomnts are 30 placed that thev tahe much
of the stran off the inten ertcbral discs, and they are there-
fore, much more vulnerable to mjury and to degeneramve
changes than are the cervical discs

Second the posterolateral projections at the supenor sur-
faces of the vertebral bodies extend further posteriorhy
than they do antenorly They are defirutely cupped pos
teriorly so that they serve as a barmer to posterolateral
extrusion of disc matenal (Figure 13)

Thurd, the postenor longitudinal ligament s the cervical
area xs denser, stronger and wider than in the other areas of
the spine. Tt 15 composed of two disanct lay ers, a deep laver
and a superficial layer 1n contradisunction to 1ts strucrure
below the cervical acea The deep laver extends from the
body of onc vertebra across the annulus fibrosus to the
body of the next vertebra It 1 narrow at the center of the
tertebra and somewhat wider as 1t crosses the annulus
fibrosus The posteromedual fibers of the capsular ligaments
of the lateral mtervertebral joInts seem to take some ongmn
from thus deep layer Thus gives this portion of the posterior
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nerzble to msult on even the shightest derangement of ther
bony canals.®

Anterior
e

11k
Posterior 7 artebra cut at
nerve root root of arch

Frouxe 27A. The “pafety” zooe for the nerve rootx. The nerve roots
do not pass over the wnrervertebral dscy The vental fibers rest npoa
the lareral interbody joumm, a3 they make thelr exic from the spiml cansl
To eater the rotervertebrul canals. The body of the corresponding vert®

bra n their protecrion

Latsral v Harni, bpudeus
Pltara | TURdpESIAT
Fuvre, 27B Posterror ruprure of a cervical dise The cervical nerve

rwumpmttcttdbymehndmofd\ercn:bne,md-pannofhcrm
stion will result m cord compreston rathier than nerve roor compresdan.
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longitudmnal ligament a somew hat denticulared appearance
which resembles the cnure hgament of the thorzeic and
lumbar arcas The supeefictal laver extends verncally from
the shull downward across the vertcbral bodies and inter-
venung discs, and laterally to the sntery crtebral foramina or
to the vertebral arches It 15 ightly adherent to the struc-
tures which are antenor 1o it (Figure 28)

Fourth the nucleus pulposus in the cervical discs 15
placed nearer the antenor margin of the dises than the pos
tenor so that the annulus 1s thicker pastertorls 1 1ts ancero-
posterior duameter than it s antenorly (Figure 9)

Fifth the vertical diameter of the cen rcal discs is greater
anteriorly than posterorly  and the discs have 2 much
wider exposure anteriorly between the margins of the
vertebral bodies than they have posteniorly

The most likely exic for the nucleus pulposus of a cer-
vical dise, or of disc materal s at the pomt of least
resstance which 1s antenorly or anterolaterally  bue not
posteniorly nor posterolaterally

Disc matenal might be extruded posterorly  however
if there were undue relaxanion W cakness or an actual tear
in the postenjor longitudinal ligament, and n the annulus
fibrosus Thrs matenal might be forced upward or down-
ward or even laterally so thar some of the fibers of the
ventral root might be compressed In this event there
should be compression of the cord, as already stated.

Thickening of the capsular higaments of the lateral 1n-
tervertebral jomts and spur formanon ac the margins of
these joints may give the appearance of extruded disc ma-
terual beneath or antenor to the nerve root It s the author s
impression that the surgeon who sees and feels a bulging
antenior to the nenve root may be musinterpreting this gs 2
posterolateral dsc extrusion 1n many mstances Even in the
dissecting room one's first mpression may be that these
changes about the lateral intervertebral joints represent
lateral disc extrusions unnl one cuts and retracts the nerve



48 THE CERVICAL SYNDROME

UPERFICIAL LAYER
POST LONGITUDINAL
LIGAMENT

s DEEP LAYER
— POST LONSITUDINAL
LIGAMENT

LATERAL ~
INTERVERTEBRAL 3 CAPSULAR
[ JOINT CLIGAMENT

ANNULUS

FIBROSUS

3 Ficuxr 28 The
longitudinal hgament.
(A) Cervical portion
composed of decp and

4 superfical Javers. (B)
Lombar portion compos-
ed of one laver which is

denucolared.

Post
long
lig

Ligament s
denticulated



CERVICAL \ERVE ROOT IRRITATION 51

narrowing of the disc space between the fifth and sixth
verrebrae, but did not show the compression fracture

OTHER FACTORS

Other mechanical compresstons of the nenve roots with-
In the mten crtebral fogamina may occur from swelhng of
the capsular structures of the lateraly nten ertebral joints
and of the postenor joms. Swclling of the dural sheath
of the nerve roots and hemorrhage may cause compression
Swelling of the nerve roots themselves may occur as a
result of sudden traumatic compression within the interver-
tebral canals. Adhesions occur as a result of trauma or
nflammatory reactions and the dural sheaths of the nerve
roots may become firmly adherent to the adjacent struc-
tures of the nten ertebral canals.

Congenital anomalies may be responsible for nerve root
Irmitaton 1n some mstances. Vananons n the size and shape
of the arncular processes and 1n the angle of mchnanon of
their articular surfaces may alter the anteroposterior diam-
eters of the foraimna Overton called attention to the vana
tions 1n the posterior articular processes of the second and
third vertebrac as a causanve factor n irntation of the
third cervcal nerves ** Congenital fusion of two or more
vertebrae occurs in a small per cent of cervical spines Such
fixanon of vertebrae may be responsible for mechamcal
changes adjacent to the fused area due to the mcreased
stress and strain placed upon the adjacent joints (Figure
29) as they atempt to take over the function of the fixed
vertebrae,

The vertebral artery 2s 1t traverses the transverse fora-
munz anterior to the nerves may be drawn backward when
the neck i i hyperextension toward the superior margin
of the arncular process of the vertebra below and thus add
further compression of the cervical nerves Ths will be
more marked if sclerosis of the artery 15 present Compres
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roots The true picture can then be scen Further dissec-
uon of these joints may reveal that stmilar protrusions or
bulgings occur at the anterior portion of the lateral inter
vertebral joints When the jomnts are completely exposed
they have the appearance of chendromalaca as scen m other
synovial jomnes, with the typical moth-eaten areas 1n the
contguous artcular surfaces. Sall further drsection wall
reveal that the noclens pulposus, m some instances, has re-
mained withun the confines of the annulus fibrosus m sprre
of the presence of degeneranve changes in the disc and of
narrowing of the intervertebral space.

It 13 the author s opmion thar the so-called hard drscs,”
which were ongmally described by Srookey ** and wiich
were thought to be chondromas, are n realin degenerative
changes about the posterolateral iterbody jomts wath spur
formations at the margins of the joints which are covered
by thickened or hypertrophred capsules.

The dissection of twenty cervical spines, the radiographs
of which showed from one to three narrowed discs, has
revealed no instance of extruded disc matenal postero-
laterally or posteriorly All specimens showed hypertrophic
changes wath spur formations at the margins of the lateral
intervertebral jomts at the level of the narrowed discs. In
many mstances the lateral jomos inmediarely above or
below the narrowed discs showed smular hypertrophic
changes. Some specmmens showed changes on one side only
In some mstances hyvpertrophic changes were found at
various levels In one spine there was evidence of hemor-
rhage 1nto the lateral interbody joint on one sde which
extended into the disc A saggral section showed marked
srregular compression of the left superolateral portion of
the soxth verrebral body  Aficroscopic exammation revealed
an area of fragmentation of osscous tssue with beginnng
degeneram ¢ changes, probably representing a compression
fracture The radiograph of this specimen showed slighe
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narrowing of the disc space between the fifth and sweh
vertebrae, but did not show the compression fracture

OTHER FACTORS

Other mechanical compressions of the nenve roots with
m the nterverrebral foramina may occur from swelling of
the capsular structures of the laceral intervertcbral jomes
and of the postenor joints Swelling of the dural sheath
of the nenve roots and hemorrhage may cause compression
Swelling of the nerve roots themsches may occur as a
result of sudden traumanc compression within the mters er-
tebral canals. Adhestons occur as a resule of trauma or
mflammarory reactions and the dural sheaths of the nerve
roots may become firmhy adherent to the adjacent struc-
tures of the intervertebral canals

Congenital anomalies may be responsible for nerve root
urTation m some instances. Variations in the sze and shape
of the articular processes and in the angle of nclinaton of
their arucular surfaces may alter the anteroposterior diam
eters of the foramuna, Overton called atrention to the vara-
uons 1n the posterior articular processes of the second and
third vertebrae as a causanve factor n imtation of the
turd cervical nerves ® Congenital fusion of two or more
vertebrae accurs 1n a small per cent of cervical spines Such
fixation of vertebrae may be responsible for mechameal
changes adjacent to the fused area due to the ncreased
stress and stran placed upon the adjacent jonts (Figure
29) as they atempt to take over the funcuon of the fixed
vertebrae

The vertebral artery s 1t traverses the transverse fora
Tuna anterior to the nerves may be drawn backward when
the neck 1 1n hyperextension toward the superior margin
of the articular process of the vertebra below and thus add

°r compression of the cervical nerves This will be
more marked if sclerosis of the artery 1s present Compres-
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ston of the artery itself may occur m this posinon, especully
if spur formanon 1s present at the lateral most margms of
the lateral intervertebral joints, or if there are adhesions
about the artern (Figure 30) Acmual constricuons of the
vertebral artenies may occur at any level, but the most
frequent sites are above the level of the third vertebra
where the arterses are verv vulnerable to trauma Lewss and
Coburn' have shown obstructions in the vertebral arteries,
by vertebral angiograms, with changes n the posinon of
the head

The mechanmism of reflex smulation of the cervical sym
pathetics must alwavs be considered in nerve root rnita
tion. In as much as irritanon of the nenve roots may cause
pan anvwhere along the segmental distnbunon of the
nenes, and 1n as much as such irmtation causes muscle
spasm and vasomotor schemua the pam reflex may be aggre-
vated Injury or spramn of the higamentous and capsular
structures gives nse to pam and may give rise, also, to re
flex snmulation of the pestganghonic fibers of the cervical
svmpathetes. If the pam 1s not relieved 1t may become 2
sclf-perpetuanng pain sumulus as occurs i Sudeck s atro-
phy ™ Evans has called dus phenomenon  reflex sympathe
ue dystrophy ™ Reflex sumulation of the sympathetics can
therefore, give rise to many signs and symptoms w hich oc-
cur secondanly to irritanon of the cervical nerve roots.
Such symptoms mclude blurnng of vision dilatation of
the pupil loss of balance, headaches, swellhing and stuffness
of the fingers, tendmtrs and capsulites *

In as much as vasoconstriction may result from reflex
sumulaton of the cervical sympathetics and cause aggrava-
ton of pain interruption or paralvess of the sympathencs
may relieve pamn by the relief of vasoconstnction or by
paralyzing the sfferent pam conducung spinal nerve fibers
which traverse the sympathetic trunk
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CERVICAL NTRVE ROOT TRRITATION

Frovae 29 Tosen of ©2
and 3 with subluxatons.
(A) Straight lareral view
shows postenior sublaxa
ton of C3 on 4 (B) Far
ward flemon view shows
anterjor  sublunmanon of
Clon4andCion § (C)
Hyperextension view
shows posterior sublux
uon of C3 on 4
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Frouxe 30 The vertebral artery—a sketch whreh shows the reletfon-
hip of the adpecent structures, and sctaal coosticnoa of the sirery at
three Jevels,

LOCATION AND DEGREE OF IRRITATION

The symproms and chrucal findmgs of nerve root 1mta
tron may vary somewhat due to the different sites of local
ed compression s well as the degree of compression of
the nerve roots Sunderfand, of the Unversty of Mel-
bourne, has classihed nerve inunes on the basis of the de
gree of changes induced m the normal strucrure of the
nerve. He states that, some fibers in the nerves may escape
ymyolvement w hile others sustan 2 varmable degree of dam
age. The nature of the peripheral defect, the course of re-
covery and the end resule depend on the parncular fibers
involved and on the partcular ty pe or degree of myury sus-
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taned by each Nerves mav be injured by inechameal,
thermal, and chemical means as well as by schacma ™
He belicy s that there are individual vanations of suscepti-
bilty of nenve fibers to injury, and that some nenve fibers
within a nerve are much better protected than others.

In considering the mechantcs of nen e root irritation onc
must heep 1 nund that marhed derangements mav cause
mummal svptoms whereas apparenthy msygmficant de-
rangements MIay Cause s¢\crc NCM ¢ root IFfItation or com
pression This 1s illustrated 1 an x-ray film of 2 cervical
dislocation which had been present for ten days before
treatment was insututed (Figure 31A) Skull tracnon did
not reduce the dislocanon This man had only mimmal
svmptoms. Figure 31B 15 an x-rav film of a cervical spine
which shows only munmal derangement This man had
severe pain 1n the shoulder, arm and chest with defimite
muscular weakness of the extensor muscles and definite
sensory changes

In summary 1t can be said thar 1t 15 within or about the
nterverrebral foramina that we must expect to find 1mta-
ave or compressive factors which g e symptoms and find-
ngs of ner ¢ root involvement
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Fuxe 31A. Extent of mechsmical derangement is po indicstion of
severity of symptoms. (A) Dhlocanoa of C5 on 6 — marked dernge
ment wath muoknam sympeoms.
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Ficere 31B Narrowed disc berween C5 and 6 — mmimom derangement
with severe sympeoms,



Chapter 4

ETIOLOGY

THF. great mobiliny of the cervical spine and ats 1+ ulnerable
posinon betw een the relanively immobile thoracic spine and
the head which must be balanced upon 1t and heid n
posinon by the supporting structures mahe 1t more sus-
ceptible to mjury than any other part of the spme It 5
the author s opimion based on the study of some rwenn

five hundred cases, thar nmety per cent of pauents who
have evidence of cervical nerve roor irmtation have had one
or more myuries to the cervical spine, either recent or re-
mote or both Nmety per cent of these panents have had
a sprain tvpe myury of the ligamentous and capsular struc

tures, and the other ten per cent have had bony damage
as well as spram njunes.

Sprain of the cervical spine has been recognmzed and
treated for some five thousand 3y ears as revealed by The
Edwan Sourh Surgical Papy rus.* Spram of a cervical verte
bra was described as an injury which has produced a rend
ing foremg or wrenchmg apart of an amculation without
a dislocation or an actual break. Spran mjuries were treated
by wrapping the neck with fresh meat for twenn four
hours, and then honey was applied untl 2 recovery was
complete

A sudden forceful movement of the head may cause 2
sprain mnjury Blows on the head or face, a sudden force
fal pull on the arms such as occurs when roping steers, 2
sudden thrustng force on the arms 2 blow on the bach of
the neck and anv fall which causes 2 sudden snapping of
the nech may cause a spramn of the higamentous and capsular

58
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structures of the cervical sping, with immediate or delayed
compression or rmtation of the cervical nenc roots The
most frequent trauma to the nech 15 caused by the w hip-
lash myury

THE WHIP LASH INJURY

Davis used the term whip-lash mjury to designate a
sprain of the hgamentous and capsular structures of the
cervical spine * He bebieved that such an injury occurred
as a result of a head-on collision of automobiles. This
causes 2 sudden hvperfiewon of the neck followed by a
spontancous extensor recoll. However the author has
found that the greatest number of wiip-lash mjuries occur
to mnocent and unsuspecting passengers 10 automobsles,
usually stopped at traffic signals, which are rammed 1n the
rear by other cars or trucks. In this instance a sudden
hy perextension of the neck occurs followed by a spontan-
cous hvperflenon recoil (Figure 32 ) The lashing force may
come from the side as well

The sudden stopping of a2 moving vehicle may cause 2
whip-lash of the neck of the passenger who 1 unaware of
the necessiy for the sudden deceleraton. Power brakes
may be responsible for the avoidance of collisions, but they
can be hazardous for the unprepared passengers.

High powered engines which enable a rapid acceleranon
of vehicles may be responsible for the lashing of the necks
of the passengers.

The safers belt 15 of no value 1 prevenung the lashing
effect upon the nech. Headrests™ may be of some value m
prevennng the hy perextension phase of the whip-lash bur
they have no protectne value agamst the forward flevon
and lateral phases Such devices give false secunty for the
cervical spine. Only careful and watchful driving and
riding can assure the safets of people who drve and nde m
moving \ehicles of this era

The weight of the head which s from six to eight
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pounds on an average, increases the lashing effect, especually
when the muscular control 15 caught off guard as usually
happens m nech-lashing injunes. The patients describe the
myury frequently s a poppimg or snapping of the nech.

The wiup-lash njury causes a sprain of the igamentous
and capsular structures, or a wrenching apart of the jownts
by stretching, tearing or avulsion of the connecting struc
tures In some instances actual luxations, fraceures and dis
ruprion of the confining structures of mtervertebrzl discs
may occur

The hyperextension phase of the whip-lash may rear the
antenor Jongrtudinal ligament, and not infrequently a piece
of bone may be avulsed from the margins of the vertebral
bodies Posterior subluxanons of the vertebral bodies and
of the postenor joints occur and the cervical nerve roots
may be compressed or contused by the pincher-like mecha
rusm which occurs m backward subluxatons (Figure 20C)

In the hyperflexion phase of the whip-lash any or all of
the postenior Igamentous and capsular structures may be
spramned  Avulsion of the up of a spinous process may
occur when the interspmous hgament or the supraspmous
Ligament 1s spramed In this phase especally the capsular
hgaments of the posterolateral mterbody jomts are subject
to sprain because of therr relatne shortness and lack of
elasticity  Fractures of the body of a vertebra may occur
when the posterior soft structures are torn or spramed
(Figures 54 & 55)

A lateral whip-lash spramns the capsular bgaments, the
lateral portion of the longitudinal and nterlammmnar liga
ments and the small mtertransyerse muscles. Fractures of
the pasterior facets, of the vertebral arches and of the up-
ward lateral projections of the vertebral bodies may occur
on the oppostte side as these bones are forced together i
lareral bending and rownon (Figure 66)

In all mstances the intervertebral disc or discs may be
nured
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Ficure 32 The whipdash. (A) If car 1 hit fn the rear

the neck i thrown into hyperextension and then hyper

fexion. (B) Head-on collmons cause tudden hyperflexkan
of the neck followed by ¢ hyperexrennion recoil
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pounds on an average increases the lashing effect, especally
when the muscular control 1s caught off guard as wsually
happens m nech lashing injuries The patients describe the
mjury frequently as a popping or snapping of the neck.

The whip-lash injury causes a spran of the ligamentous
and capsuler structures or a wrenching apart of the jomts
by stretchmg tearmg or avulsion of the connecting struc
tures In some 1nstances actual luxatons, fractures and dis-
ruption of the confining structures of intervertcbral discs
may occur

The hyperextension phase of the whip-lash may tear the
antertor longitudinal higament and not infrequently a piece
of bone may be avulsed from the margins of the verrebral
bodies Posterior subluxations of the vertebral bodies and
of the posterior joints occur, and the cervical nerve roots
may be compressed or contused by the pincher like mecha
rusm which occurs m backw ard subluxations (Figure 20C)

In the hyperfleon phase of the whip-lash any or all of
the posterior ligamentous and capsular structures may be
sprained. Avulsion of the tp of a spinous process may
occur when the interspinous Iigament or the supraspinous
ligament s sprmned In thus phase especally the capsular
hgaments of the posterolateral interbody jomts are subject
to sprain because of their relatve shortness and lack of
clasncity  Fractures of the body of a vertebra may occur
when the posterior soft structures are torn or spramned
(Figures 54 & 55)

A lateral whip-lash sprains the capsular hgaments, the
lateral portion of the longitudinal and interlarunar liga
ments and the small intertransverse muscles. Fractures of
the posterior facets, of the vertebral arches and of the up-
ward lateral projections of the vertebral bodies may occur
on the opposite side as these bones are forced together 1n
lateral bending and rotatnon (Figure 66)

In all instances the intenvertebral disc or dises may be
njured
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the neck b thrown into hyperextension and then hyper

flexion. (B) Head-on collsions cause sudden hyperflexion
of the neck followed by a hyperextension recoll
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Symptoms of nerve root compresston may occur mnme
duately or they may be delayed for hours, days or months.
Often tmes the mmediate symptoms may be so muld that
they are ignored, but the following day the pauent may
have difficulry getting out of bed without assistance Suff
ness of the neck and radicular pamn may occur due to hem
morhage and swelling of the spramed structures and to
trrtation of the nerve roots

It has been suggested by Kaplan that the recurrent men
mgeal branch of the spmal nerve which has a connection
with the postganglionic sympatheuc fibers, may be com
pressed 1n the intervertebral foramen from spran njury *
This nerve supplies the postenior longitudinal ligament and
the capsules of the lateral ntervertebral jounts The pan
whuch results from sprain of the higamentous and capsuler
structures themselves may be reflexly referred along the
segmental distribution of the cervical perves wia the spmal
meningeal nerves (Figure 19)

Hemmorhage withun the sprained capsular structures
which line the posterior and anterior walls of the mnter
vertebral canals may give rise to the formation of adhesions
between them and the dural sleeves of the nerve roots. Such
fixation of the nerve roots within the canals may be
responsible for delayed symptoms of nerve root icniratton,
especially with extremes of motion or following some
apparently trivial accident

It 1s true that some sprans of the cervical spme gve very
few mmmediate symptoms. However these mjunes innate
changes of a degenerauve nature within the intervertebral
discs, within and about the joints and within the hgamen
tous and capsular structures. The mewvitable result s fora
mmal narrowing and eventual nerve root irntanon. The
nerve roots may be able to tolerate the gradual alteranon
of their canals for some time, and svmptoms of nerve root
iratanon may be delayed unul the nerve roots can no longer
withstand further decrease 1n the size of their habitats A
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very mild injuny or a sudden movement may be sufficient
1o sct off an irmtam ¢ response w hich will be manifested by
pan and dmabiliny

A sprain imjun supenimposed upon a cervical spine
which shows radiographic evidence of previous myjun s
manifested by degeneratne dise changes and joint changes
will result m a greater disabihy than would occur to a
normal spine. Luck m his book Bone and Joint Diseases,
states  Ligaments of an ostco-arthriuie joint are more sus-
ceptible to a spran than arc Iigaments of a normal jount
The arthnne must perform his work with a measure of
deliberation A quch motvement may take a heany toll’
He states that the esteoarthninc joint, or the joint with
degenerame changes has dwunshed tolerance and en
durance, which of course makes 1t more suscepuble to
myury even on shght provocanon.

The presence of fixatton of two or more vertebrae,
cither congenital or acqured may give no apprecible dis-
ability until some unusual forceful stress 1s placed upon 1,
such as a whip-lash njury

All sprain injunes of the cervical spine result m some
decrease in the funcnonal capacy of this part of the
spme The vounger the vicnm the greater his reparanve
possibihues but cven the youngster s neck will develop a
decrease 1n 18 tolerance for the functional demands made
upon it

In most instances the sy mproms are umlateral which can
be explained, m part at least by the facr thar the head and
nech are normally held shightdy nlred or rotated to one
side 50 that the oppose side may recene the greater
amount of mjury or spran. However svmptoms may be

bulateral or thev may occur first on one side then on the
other
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UNILATERAL SUBLUXATIONS

Unilateral subluxations, which occur when the head 15
turned suddenly when 2 lashing of the neck occurs with
the head turned to one side or when some unguarded sud
den movement occurs, may give mse to cervical nerve root
irntatnon. Many ames such a subluxaton occurs as a person
who 15 asleep turns over 1n bed when the supporting struc-
tures are completely relaxed Acrobanc and football m
juries often cause subluxations on one side

Some separation of the facets occurs which causes eleva
ton of the vertebral body on that side and some forward
displacement. This causes some narrowing of the mter-
vertebrzl foramen on the opposite side How ever, pam and
cervical nerve root srrtation may occur on the side of
the subluxamon

By the same mechanism, mpimgement of the synovl
membrane of 2 posterior joint may occur (o give a sumilar
clirucal picture The swellmg which occurs m the capsnlar
structures of the postenior joint and 1 the capsular stroc
tures of the lateral mrerbody jome causes foraminal narrow -
ing and compression of the adjacent nene root n each
nstance

FRACTURES AND DISLOCATIONS

Fractures of the articular processes of the posterior or
apophyseal joints and of the vertebral jomts, with or with
out displacement, give rise to nenve root irntatton If there
1s no displacement of the fragments the adjacent nerve root
will be subject to irnration from hemorrhage and swelling
mmmediately and later from callus formanon at the site of
the fracture or fractures, A compression fracture of the
upward posterolateral projection of a vertebral body will
give nse to wntanon of the nerve root which Les upon 1t
for the same reasons

If a fractured infenor facet or a fractured vertebral arch
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1¢ accompanied by displacement of its vertebral body, the
nerve root adyacent to the fracture will be subject to 1mta-
ton or compresnon due to the narrowing of its nter~
verrebral canal (Figure 25 (A)&(B)) The nene root im-
meduately helow the fracture will be subject to irntanion,
also, but to a lesser extent usually

Fracture of a lamina or postenior arch may be responsible
for irmranon of the postenior fibers of the adjacent nerve
reot but in rthis instance compression of the spinal cord 15
ikels

Compression fractures of the vertebral bodies with
splaving of the fragments cause anteropostenor narrowing
of the vertebral canal and may cause compression or irrita-
tion of the ventral fibers of the nene roots, as well as cord
compression (Figure 25(C))

A fracture of the odontoid process mayv cause irntation
of the ventral fibers of the second nerie roots and cord
compression, which will be more marked if there 1s back-
ward displacement of the atlas and the odontoid fragmenc

Dislocanions forward of inferior facets upon the adjacent
supenor facets occur at nmes without any fracture of the
facets A certain amount of cord damage 15 inevitable
dus mstance However compression of the adjacent nerve
oot 15 caused by the displaced infenor facets as they 1m
pinge upon the mterverrebral canals.

ABNORMAL LAXNESS OF JOINT STRUCTURES

Undue laxness of the hgamentous and capsular structures
which may be part of a general debility or 3 long illness
may be responsible for nerve root irmtanon especally with
extremes of monon of the nech. Certamn somanc types who
have 2 generalzed faxness of all jomnr structures may be
prone to ner\e root wmeation i some instances Lateral
radiographs of such cervical spines may show marked sub-
luxanans on extreme flexion and hyperextension
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POSTURAL AND OCCUPATIONAL ATTITUDES

Postural and occupauonal artitudes which cause sudden
or prolonged hyperextension of the neck may give rise to
nerve root imtation even i the absence of demonstrable
subluxanions. Drooping of the shoulders results in hvperex
tenston of the nech (Figure 33(A)) If one looks or
reaches upward the neck must be hy perextended (Figure
33(B)) Stooping makes the head go backward unless one
tries conscientiously o hold the nech i a straight posinon
(Figure 33(B)) Some of the other daily actimnes and
occupatonal arnrudes which cause hyperextension of the
neck are sitting ar a table with the elbows resting on the
table and the chm resting on the hands (Frgure 33 (C))
Iying down backward from 2 situng position or sitang up
suddenly from a supme posinon, shaving dnving a car,
using bifocal spectacles, hanging up clothes, making beds,
working under cars or machinery pamung and paper hang
g

Many people of short stature develop a habit of elevatng
therr chins and thus hyperextending their necks because
this gives them a feching of increased hesght, just as many
tall people slump to lessen their height A marked dorsum
rotundum gives mse to a compensatory increase in the for
ward curve of the cervical spine with resultung foramunal
narrowing

Certain other daly activites or postural situattons cause
prolonged flemon of the neck which may give rise to nerve
root uritavon Ty pmg bookheepmg wnting sewing iron
ing cooking and washing dishes, reading m bed or n low
lounge chairs, sleeping on thick hard pillows, and watch
ing television are some of these acuvines (Figure 34)

DEGENERATIVE CHANGES

Degenerative changes, which are the mnevitable response
to hgamentous and capsular injunes, with the formanon of
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marginal hypertrophuc spurs or osteophytes about the
lateral intervertebral joints and the posterior jomts, cause
foramunal narrowing, and are responsble for nerve root
imtation of varving degrees

Ficuax 34 Postunal sturodes eaunng flexon of the neck. (A) Ronnng or
sewing (B) Reading m bed (C) Wridng

Degeneranve changes within an intervertebral disc occur
if any of the confinmg components of the nucleus pulposus
1s injured Gradual narrowimng of the disc rakes place with
a resulting decrease 1n the height and width of the adjacent
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mtervertebral canals. The changes which occur n and
about the joints as a result of the altered dynamics and
mechanics subject the nerve roots to irmtanon

Hypertrophic spurmng docs not occur on the true pos-
terior margins of the vertebral bodics as a rule, but they
may occur there following setere injuries to the postenor
longitudmal ligament. When present they may give nsc to
svmptoms and chmcal findings of cord compresston but
not of nerve roor irmtation usually

The margins of the posterolateral wnterbody joints are
the favored sites of hvpertrophic spurs, and in some n-
stances the spurs may be so extensne that they too give
signs of cord compression as well as signs of nenve root
compression

Encroachment and narrowing of the intery ertebral canals
by hy pertrophic spurs may force the adjacent nerve root
mto the bottom of the canal. Such a nerve roor may show
varving degrees of compression depending upon 1ts 2bility
to sunine 1n 1ts restmcted canal, and depending upon the
functional demands made upon the cervical spme Pen-
neural fibrosis s mevitable

As these hypertrophic changes develop varving degrees
of fixanon of the contiguous vertebrae occur which places
a greater funcononal demand upon the jomnts above and
below resulung in eventual degenerative changes of these
jomnts and the possibiliy of irntation of the adjacent nerve
roots. An excellent example of progressve hvpertrophic

changes and foraminal encroachment can be seen 1n Figure
35

INFLAMMATORY CONDITIONS
Inflammarory changes 1 or about the posterior joints

and the lateral inters ertebral jomts may be responsible for

wrntanon of the cervical nenve roots in appromately eighe
per cent of the cases

The changes accompanysng rheamatord arthnns may
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cause foraminal narrowmg but usually there 1s Lirtle of any
bony encroachment of the mtervertebral canals (Figure
36)

Gouty arthntis may give mse to inflammatory reactions
n or around the joints of the cervical spine to cause -
tation or compression of the cervical nerve roots within
therr canals In the chronic type, foraminal narrowing may
be due to actual bony encroachment or to tophaceous for
rmanons (Figure 37)

Ankylosing spondylitis does not cause bony forammal

Fxuxe 35 Rediographs which llostrare degenerative
changes. Tha patiear received a whip-lsh mjury m 1937 when & hesvy
truck hrt the rear end of the car m which she was riding X nay filoo
rmede tmmedmtely following the mjury (A) and (B) were thought to be

negatve
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Frvar 35C. The lsteral
view was made in 1945 fol
lowing a second Injury Note
the narrowing of the disc st
6 and 7 and the degeneranve
changes at this level There
b some narrowing of the
dnc between § and 6, also

Frouse 35D and E. In 1956,
nmeteen years later  thn
pauent reccived another
whip-lssh Injury  Note the
progressive degenerative
changes which hme oc
curred since the wtnl n
jary (D) and ()
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Fxcxe 36, Radiographs of the cervical spine of 2 patrent who has
rhenmsrosd arthrms. \ote the shsence of bouy encroschment of the
intervertebral canalr.

narrowing However the stress and stran placed npon the
jomts which escape anln losis may cause changes which do
give nise to nerve root irntanon (Figure 38)

A certain type of ankylosing arthrios which mvolves
fusion of the vertebral bodies anterorly with marked pro-
Iiferanve changes may not cause bony encroachment of the
ntert errebral canals, but may grve rise to nerve root umita
non above or below the fused area (Figure 39)

Upper respiratony 1nfections mav pive nise to actual
inflammation of the cervical jomnts Swelling of the jomes
mav accompany allergic reactions and hormonal mmbal
ances. Toxc capsulins or svnovitis of an inflammatory
nature may occur as the result of infectious processes else
where 1n the body

No doubt some of the jomr changes of gn inflammatory
nature 2re due to actual biochemical alterattons w hich may
accompany osteoporosss. The actual arntanve factor n
some nstances may be due to chemrcal changes or to some
low grade infectious process within the nen ¢ roots them
selves.
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Ficuee 37 Radwgraphs of the cervical sphie of « panent who has
gouty arthrits. Arrows in (B) point to tophaceous deponts st the lateral
interbody joints between 4 and ¢ Noee the sareropostenior narrowmg

of the Iotervertebral canalk m (C) and (D)
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Fioume 38. Anlkviosing arth
nios of the spme which exrends
from the Jumbar srea o the
fifth cetvical vertehra. Note
that there b no snreropastenor

seventh and the fifth and sxth
caruls m (B}
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Frauxe 39 Ankyloning spon
dyliths of the antedor portions of
the vertebral bodies wath marked
prolifersnve changes. This pa
went hed difficuley in swallowing
od occpital  hesdsches  She
could swallow by hyperextend
Ing her head, which crused irri-
nuon of the third nerve root.
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Ficone 41 Basilar mpresuon
\ote that the postenor arch of
the stles remans withm the pos-
tertor fossa of the skull in all
posinons, The flamess of the oc
crput 13 charactersue. This pa
thent had severe ocapital head-
sches followmg a whiplssh m
jury Symproms were relieved by
motorzed mrermittent traction.
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ANOMALIES

Congenstal fusion of two or more cervical vertebme does
not in wself cause nerve root irntation at the site of the
fused area The foramina may be smaller at this area, but
they are round or oval 1n shape and thetr contour 1s smooth
However the fixarion of two or more vertebrae plices an

Fscuxe 47 Coagennal snomalies of the atla. \ote the bony arches
over the tverrebral arreries and the first cervical nerve roos. This
anomshy 13 doe o calcificanon of the dstal portion of the posenor

ligament.

added strain upon the adjacent joints as they attempt to
mamtain the functonal capacity of the nech, and the
changes which occur in these joinm may cause nenve root
wrrtation or compression (Figures 29 and 40)

Basilar mpression, which 1s an invagination of the apper
cervical vertebra mto the skull due to elevamon of the
floor of the postenior fossa of the cramum (Figure 41)
may be responsible for nerve root imration However
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symptoms may not appear unnl the third or fourth decade
of ife or unul some apparenthy trvial mjury to the neck
occurs This condition, according to Hadley ** may be an
acquired one secondary to increased sclcrosss of the base
of the skull in Padgets discase. In some instances the up-
ward migratton of the cervical spine mto the shull places
traction upon the cervical nerves to cause symptoms of
wrnitation of the nerve roots

A frequent anomaly of the atlas 1s the presence of a bony
arch over the vertebral arters and the first cervical nenve
root This arch represents ossificaion of the mferolateral
margn of the postenior atlanto-occipital membrane (Figure
42} Followng injuries to the upper part of the cervical
spine, adhesions may form between the artery, the first
nerve root and the bony arch or canal through which they

Cervical nibs do not, of course, cause nene root 1rmta
non, although they have received credit frequently for
symptoms of irmtanon of the nerve roots They may n
rare instances be responsible for compression of the ad
jacent peripheral nerves, however

OTHER FACTORS

Many panents who have recerved whip-lash injuries have
symptoms of a mild concussion of the bram, also 7 Without
proper treatment psy chogenic reactions may develop which
aggravate the symptoms

Emouonal stress and stram physical and mental fatngue
cause nerious tension and anxiery The changes may be
chemical or ischemic n nature, but certanly they are
responsible factors in some instance of cenical nenve root
rnaten

Unnecessary or thoughtless roughness in handhing a pa
tent who s under a general anesthenc may result 1 -
jury of the higamentous and capsular structures The com
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plete relaxanon of the supporting structures makes the
jomnts vulnerable to sprain and the ners ¢ roots to tntation

In order to complete the ctiological prcture one must
mennon the word idiopathic, which 1s the term vsed by the
defeanst to sigrufy “I don t know the cause.” In many m
stances there may be no immediate demonstrable etology
However, if one searches diligently for the cause of any
pamnful or abnormal condion the answer usually can be
found



Chapter 5

DIAGNOSIS

rEu: diagnoss of cervical nenve root irritation s based
on the histonn and symptoms and the climcal and ¥ ray
findings.

HISTORY AND SYMPTOMS

The smportant pomnts mn the history can be ascertained
by following the outline of the history sheet used by the
author (Figure 43 ) It 15 1mportant to know the panents

OCCUPATION AL
DATEL of IMIURY__—_ Type Amke Toll OCthav
SYMPTOMS Duveklon —— Omawis Sudden Gwmdual
PAIN Conatont ¢ Charmetar
Head —_ _ Rught Lent Baih 3 de
Hek F Aeen
Th Jermd Howd
Arm Che
Oih >
ITIFFNLIR
Bk Dhew
S Jount W ot
Fomgers —
BLUNRING OF VISION' _________ LOKS OF BALANCK
NUMBNESS § TNELING BLALK-OUTS
WEAHNERS OF ARH Hend
OTHIR SYHPTOMS
Sharinass of Bresih Palpat

1

1N

RELILF
PRAVIOUS TREATMENT | DIA

Ficuar 43 History form used by the author
occupation to determine whether or not his work requires
long penods of hy perextension or flexion of the neck. The
age of the patrent 1s sigmificant. Cervical nerve root irma

ton can oceur at any age but the greatese percentage occurs
n the third and fourth decades

81
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The hsstory of an mjary may be difficult to obtamn at
first mterroganon Injunies to the neck do not always give
immediate symproms and the patent may not realze that
the neck has been myured How the mjury occured 5 m
portant. If the panent was involved i an automobile acer
dent — was the car hit from the rear, 1n the front, or at the
side The symptoms may have come on following a fall
Turmng or jerking the head suddenly or rurming over n
bed may have been the mmmediate cause The symptoms
may have been present for a few minutes to several years.
The onser of the symptoms may have been sudden or grad
nal.

Usually the presennng svmptom 1s pain and 1t 15 impor
tant to know whether 1t 15 constant or mrermittent. The
pam may vary in character from a burrung sensation to a
sharp knife-like pam. It may be of a dull aching or bormg
character It may be mild or an annoving type of pamn, or
it may be excruciaung

Approximately sixty five per cent of all the cases com
plain of headache on one or both sides Usually the pam
in the head searts ar the back of the nech and raduates to
the ears or forward to the top of the head or to the eyes.
Frequently the pament states that the eyeball feels x5 if
1t 1s being pulled backward into the head This 1s due o
reflex sumulanon of the sy mpathenc nerve supply to the
orbital muscle.

Pam 1n the neck on one or both sides s present i at
least nunety per cent of all cases and pam on the nght side
occurs shightly more frequently than 1t does on the left
side. The panent may have pam i or about the shoulder
jomnt or berween the shoulders Pain m the arm occurs
usually 1 the midportion near the 1nsertion of the deltoid
muscle Pam mn the forearm may be present m the extensor
muscles or at their ongin from the lateral epiconds le. Oc
casionally the flexor group may be pamful Pamn in the
hand or wnst occurs occasionally Pain in the chest occurs
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i approumately twennv-five pec cent of the cases Pains
1n other locations supplied by the cervical nenve roots may
be present and should be deternuned in tahing the history

Stffness of the nech occurs usually and the patient may
complain of mabilinv to tum the head to one side or he may
complan of nabihny 1o flex or hyperextend the nech
Often he states he has a “ crich n the nech  Suffness in the
shoulder joint 15 a frequent complamt and may be of recent
ongm or of several davs, weeks or months duranon The
panent may complam of nabiliy to comb the har get
the hand in the hip pocket or fasten a brassiére Limitation
of elbow moton may occur Occasionally the patient may
complan of suffness of the wrst and swelling of the
fingers.

Blurring of vmsion 1 often noted by panents who have
had recent mjunies, The patient may have had his glasses
changed withour rehief Loss of balance occurs 1n about
fifteen per cent of the cases Usually the loss of balance
1s noniced when the panent first lies down or when he first
gets up in the morning It may be aggravated by stooping
getung up from 2 situng position or by turming over m bed.
The loss of equlibnum may be so severe that the pauent
cannot walk unassisted There 1s 2 tendeney to fall to the
side of mvolvement In this connection 1t has occurred o
the author that Méniére s syndrome may be a part of the
cenvical syndrome 1n as much as the symptoms of equilibra
tory disturbances are very much the same and m both n-
stances are due to reflex sumulanon of the sympathenc
nenve supply to the mnner ear and to the eye

Twitching of the upper ¢y ehd and excessive Jacnimauon
may occur Recently a number of panents who have had
whup-lash injuries have complained of transitory deafness

Numbness and nngling of the fingers oceurs frequently
and 1s usually more pronounced at might so that the panent
may awaken with one or all fingers of the hand tngling
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Numbness of one side of the tongue and of the face may
occar

The patent may complain of 2 sensation of “blacking
out Usually this symptom accompanies recent mjuries
high in the neck, although some patients with marked
hypertrophic changes of the cervical spine complan of this
sensation v hen the nech 1s suddenly hvperextended. Weak
ness of the arm 1 a frequent complamt and the panent
states that the arm feels like 2 dead weight or he may say
that his arm 15 useless VVeakness of the grip 1s found m
about fifteen per cent of the cases and often there 15 2
rendency to drop thmgs Twitchmgs of the muscles of the
shoulder girdle and arms are not unususl complants

Other svmproms that are encountered occasionally are
shormess of breath, palpitations, difficulty mn swallowing
and nausez and vomutmg One or all of the above symp-
toms may be present

It s importanc to know what aggravates the pam. The
patent may have notced that certan posinions of the nech
and head mahe the pain worse. Weather changes may ag
gravate the svmproms. The panent mas or may not tell
vou thar stoopmg hfting bending reading watching rele
vision etc mahe the pains worse If stooping canses anter
tor chest pamn one must think, also of a duaphragmatc
hernia. Often the pain 15 worse at night and the patent s
unable to sleep Fangue and emononal upsets aggravate the
symptoms usually

It 1s important to know what gives relief Not infre
quently the panent widl tell vou that changing posttions
gives some relief Someumes the pan 1s relieved by the
application of pressure to the painful area Heat 15 bene-
ficral usually Many panents state that they Ine on Bof-
ferm and aspirm ™

Previous treatment should be noted A certan percentage
of the pauents will have had no treatment while others
will have had many forms of therapy tmed, and wall have
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been treated for many condinons other than srmtanon of
the cervical nenve roots
Clamfication of Patients

Once the history has been taken it will be noted that
the pauents can be claswified mto one of five groups, de-
pendmg upon the sevents and duration of the symptoms

In the first group will fall those patients who have had
2 recent nech-lash mjury wich no history of any previous
MJUn or SYmptons

The second group of patients comprses those who have
2 so-called cnch 1 the neck The pain 1s excruciating
and 15 usually localized to one side of the neck The panent
holds the head nlted away from and the chin turned to-
ward the pamnful side. The nech 1s usually 1n shight flexion
A diagnosis can be made as the patient walks into the
office because of the charactenistic positon of the head
Apparently there 1s a unilateral subluxanion, or possibly an
mpmgement of the synovial membrane of the joint. The
patient usually awakens with 2 ‘emck  He may have
turned over 1n bed or turned his head suddenly

The third group ncludes those patients who have had
an mjury several davs, weeks or months previoushh The
symptoms were muld at first or were thought to be of
hirtle sgrificance However as motion of the nech 1s con-
tinued latent symptoms develop

The fourth group consists of patients who give a history
of ntermutrent pan and suffness over a1 period of years.
These panents usually have gone from one doctor to an-
other and have been labeled neuroncs They have been
treated for arthrins, neurins, fibrosis, fascutis, bursis,
mugraine or pscudo-angina. Treatnent has been directed to
some localized area when 1t should have been directed to
the source of the trouble—the cervical spine

The fifth group consists of thase patients w ho has e acure
exacerbanions of chronic symptoms Usually the present
symptoms appear following sudden hy perextension of the
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neck, which may oceur 1n the course of therr usual activi-
uves, or from some unusual but apparently trival moyement
of the neck Stooping lifting holding the head n one post
uon for long periods of tme, reaching backw ard or above
the head, throwing somethmng trving to prevent a fall or
any unguarded movement of the neck may have caused the
acute attack of pamn and disabiliry

EXAMINATION

On exeminavon 1t may be difficult to determune whrch
nenve root or roots are actually wrnrated m as much as the
segmental distribution of the cervical nerves is not confined
strictly to the correspondmg embry ologic segment.

In many instances at Jeast one fiber of a nerve roor fals
to contnue 1 that parocular nenve roor but descends to
jomn the adjacent distal nerve roor For instance, one of the
fourth nerve root fibers which leaves the cord at that level
may actually leave the spmal canal with the fibers of the
fifth nerve root (Figure 17) If this fourth nerve root fiber
1s wrrrtated watchin the foramen of the fifth nerve roo, find-
1ngs indicating 1nvolvement of the fourth nerve root may
be present.

There 1s an overlap of the peripheral sensory distnbuwon,
also so that no one area of skin 1s supplied by amy one nerve
root. Reflex stimulation of the sympathenc supply adds
further confusion n the exact locanon of the sice of m
volvement.

Electromy ographic studies may be of some value m
localizauon of the site of irntation However these studies
are not disgnostc of the speaific lesion which 15 responsible
for the nenve root imtaton

In many instances more than one nen e root 13 untated
If surgen 1s contemplated 1t 15 important to localze the
site or sites of wration but for conservan e treatment the
exact dengnation of a speaifically irntated nenve root 15 not
essentral,
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It 15 the author s belief that the fifth nen e root 1s irntated
most frequently and that the sixth fourth, third, second,
and seventh roots are yrmitated 10 thar order of frequency
Figure 44 illustrates the so-called segmental distnbunon
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Frevre 44 The segmental disribruion of the fifth nerve root

of the fifth nerve root and shows that all the areas supplied
by this nerve roor recene mnervatton from at least one
other nen e root

It must be remembered that irritation or compression of
a nenve root may cause pain and/or sensory changes any
where along 1ts distribunion  Localzed areas of renderness
and muscle spasm wall be found at the site of the panful
areas Not mfrequently some areas of segmental tenderness
are found of which the patient may not be cognizant These
myalgic areas are found by deep palpation, 1n as much as
by peralgesia or superficial renderness 1s not present
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The exammation form used by the author affords a
simple outhne of the pertnent ponts i the examnation
(Figure 45) The panent s general posture 1s of importance
and should be noted The posinon m which the patent

IDIAMMATION Pastasa
WUTATI Qe ragTION
MO Lak Band.

fe

Frauer 45 Exammaton form used by the suthor

carmes the head and nech 15 of grear importance In acute
untlateral subluxatons the posinon of the head and nech
15 charactenstic and, as stated, usually 2 diagnoss can be
made as the patent enters the office The neck 15 usually
held m shght flexion wath the head tilted away from and
the chin rorned toward the side of mvolvement Lateral
bending to the mvolved side and rotanon to the opposite
side are impossible Flexion and hvperextension may be
lLimited

Some cases may show only a mummom amount of hm
mtation of moton of the neck whereas others may show
marked limuitanon m any or all direcnons Figure 46 illus-
trates the range of monon which occurs normally  Any
{mmtation 1 this excursion of movement should be con
sidered abnormal.

Monon mn the shoulder joints should be tested. It may
vany from normal to a completely frozen shoulder Thurty-
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five per cenc will have some lunitation of glenohumeral
moton This may be due to voluntary immolnlmation be-
cause of pan or to reflex svinpatheuc dystrophy hich
gves mse to nflammatony and degeneratne changes.and to

A Lateral
rotation

\q

Lateral binding

C Hyrzrflexion and
hyrp.rextension

Ficure 46 The nonmal range of neck moton The head can be ro-
tred larerally so thar the chin is parailel with the shoulder (A) Tt an

be bent laterally seventy to eighty degrees (B) It can be flexed forward
20 thar the chin touches the sternal notch end it can be bent beckward

30 that the base of the skull touches the spinous process of C7 or
T1 (C)

adhesive capsulits and tendinitis as stated above Calcareous
deposits in the cuff tendons occur 1n exght per cent of the
cases, and gne nse to varying degrees of limitanon of
shoulder motion

Motien 1 the elbow 15 not usually hnuted unless there
1 an epicondy liis or pain at the insernon of the biceps.
Occasionally there ma2y be Lmitanon of finger mouon
which 18 usually due to swelling resulnng from reflex in-
tanon of the cervical sympathenes, or to fibrone changes
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in the palmar fascia because of reflex dvstrophy Oppen
heimer has described the amophic swollen hand” and be-
Leves these changes are due to untaton of the third or
fourth nene roots themsehes and does not menton the
possibility of sympathetic involvement ™

Panents who complain of headache wsually have pamful
areas at the base of the skull, over the mastoid area or
over the temporal region Most of the panents will have
painful areas in the postenior muscles of the neck on one
or both sides and deep palpanion may reproduce the radicu
lar pain However 1n some instances there may be no ac-
tual tenderness of the nech muscles

Tenderness may be found over any of the spmnous pro-
cesses, and over any of the postenior jomts. These jomnts
may seem to be swollen or enlarged to the palpatung fingers
of the exammer

Almost all the panents have renderness m the supras-
capular muscles. These muscles melude the trapersus sup-
raspinatus and levator scapulae

VMany of the patients who are seen unmeduatelv after 2
whip-lash njury have tenderness and muscle spasm of one
or both sternomastord muscles. Tenderness of the scalene
muscles 1s usually p esent and can be found by the Juda
vich mancuver Tenderness i the upper rhombord area,
espectally at the superomedial angle of the scapula, 1s the
most constant finding Tenderness 1n the lower rhomboid
area and at the a1l of the trapezius muscle s found m some
cascs,

Tenderness at the np of the shoulder 1 a frequent find
ing especially an pauents who complain of lmitanon of
monon of the shoulder joint Patients who have calcareous
deposits within 2 tendon of the shoulder cuff have exqusite
tenderness at the site of the deposit

If the patent complains of pain 1n the arm it 1s most fre
quently found at the msernon of the delroid muscle Ten
derness 1n the extensor muscles of the forearm mas be



DIACN\OSIS 91

found 1n abour five per cent of the cases If an epicondy i
1s 15 present tenderness 1s found over the lateral or medual
cpicondy le.

Tenderness to deep palpation mayv be found in the anter-
1or or lateral areas of the chest Usually this tenderness s
unilateral It 1s not unusual to find tenderness over the
spinous process of C7 and/or D1 Other areas of tenderness
mav be present and should be noted The usual sites of
tenderness are shown 1n Figure 47

Pressure applied to the top of the head when the head
tilted to the side of nvolvement may reproduce the radic-
ular pain However, this mancuver masy cause pain on the
opposite side Pressure apphied to the top of the head when
the neck 15 1n hvperextension almost alwavs reproduces the

Frvar 47 Sites of deep tendernems (\ marls) end senso changes
(shided areas) \umerals indicate order of frequency of m)zyc aress.

pan The author calls this 2 posmve hy perevtension com-
pression test and believes is sigmificance s of diagnosnc
mportance In some cases smular pressure applied with the
necl m flevion reproduces or aggravates the pam

The shoulder depression test, as devised by the author,
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gives informaton concernmg the presence or absence of
adhesions betw een the nerve roots and the capsular struce
ures withm the intervertebral canals (Figure 48) Down-
ward pressure upon the shoulder with the head tilted to
the opposite side places a pull or tug upon the nerve roots.
Thus aggravates the radicular pain if the nerve roots are
adherent to the canals.

Frcune 48. The shoulder deprudon ot ]f rhh meneuver causes 2

reproduction of aggravanon of rad
about the dural sleeves of the nervo roots md chc sdjacent capsular

sructures.
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The muscles of the arms and hands should be tested for
weakness. Usually 1f there 1s muscular weahness 1t occurs
1n the extensor muscles of the arm and forcarm Weakness
of gnip 18 due to weakness of or pan n, the cxtensor
muscles of the forearm, or to a lateral epicondy hinss. Some
cases may show actual atrophy of the arm and forcarm
muscles.

The reflexes 1n the upper extremeues may be normal
However the biceps reflex 1s frequently weak or entirely
absent. Not infrequently the biceps reflex on the side op-
posite the 1 olvement 1s absent The triceps refiex may be
absent 1 2 very small percentage of cases. The brachio-
radials reflex 15 altered occasionally

Sensory changes may occur over the cutancous distribu-
uon of the axillany nene over the lateral surface of the
arm, and over the extensor surface of the forearm (Figure
47) Occasionally there s definite hypesthesia of one or
more fingers. The thumb index and long fingers show sen-
sory changes more frequently than do the ring and hitle
fingers

The blood pressure should be cheched It has been inter-
esung to note that panents who complamn of shoulder and
arm pain show a definire difference in the blood pressure
reading of cach arm. Usually the blood pressure s from ten
to twenty pomts hugher on the side of invoh ement than i
the other arm.

In about five per cent of the cases dilatation of the pupil
occurs on the side of involvement. This 1s due to the reflex
sumulation of the cervical sympathencs, and 1s the opposite
of Horners syndrome mn which there 15 constriction of
the pupil due to paralyms or nterrupuon of the sympa-
thencs.” Dilatanon of a pupdl 1s found frequently 1mme-
duately following a whiplash injury

The heart and lungs, of course, should be checled unless
the panent has had 2 very recent phymcal examinanon
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gnes informanon concernmg the presence or absence of
adhesions between the nenve roots and the capsular struct
ures within the mten ertebral canals (Figure 48) Down-
ward pressure upon the shoulder with the head tilted 1o
the opposite stde places a pull or tug upon the nerve roots.
Thss aggravates the radicular pam if the nerve roots are
adherent to the canals.

Ficuxx 48. The shoulder depresmon test If this mancuver causes 2
or sggravanon of radicoler pain, w nd dh
nbamtbedunldtﬂuufdxncn:moumddnnd;mupmln
sroctares.
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The museles of the arms and hands should be tested for
weakness. Usually of there 1s muscular weahness it occurs
1n the extensor muscles of the arm and forearm 1Weakness
of gnp 1 due o weakness of, or pam n the cxtensor
muscles of the forcarm or to a lateral epicondy litis. Some
cases mav show actual atrophy of the arm and forearm
muscles,

The reflexes 1 the upper extremenes may be normal
However the biceps refles s frequently weak or enurely
absent Not infrequently the biceps refiex on the side op-
posite the involvement 15 absent The triceps reflex may be
absent m a very small percentage of cases The brachio-
radialis reflex 1s altered occasionalls

Sensory changes may occur over the cutaneous distrsbu
non of the axillan nenve, over the lateral surface of the
arm, and over the extensor surface of the forcarm (Figure
47) Occasionally there 1s definite hvpesthesia of one or
more fingers. The thumb index and long fingers show sen-
sory changes more frequentdy than do the ring and hrtle
fingers.

The blood pressure should be cheched It has been inter-
estng to note that panents who complam of shoulder and
arm pam show a definite difference 1n the blood pressure
reading of each arm Usually the blood pressure 1s from ten
to twenty points higher on the side of inv ol ement than n
the other arm,

In about five per cent of the cases dilataton of the pupil
occurs on the side of involvemnent., This 15 due to the reflex
stumulavon of the cervical sympathetics, and 1s the oppaosite
of Horner'’s syndrome in which there 1s constnction of
the pupil due to parahysis or mnterrupnon of the sympa-
thetres.® Dilatation of a pups! 15 found frequently 1mme-
duaeely followmg 2 whiplash injury

The heart and lungs, of course, should be checked unless
the panent has had a very recent physical examination
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which showed no pathology 1n thesc organs. Any other
findings which appear to be abnormal should be noted

In summarming the chmcal findings one can say that
they vary with the nenve root or roots involved, but that
the radicular pain and tenderness and the senson changes
follow fairly definite patterns corresponding to the dist-
bution of the nerve roots Involvement of more than one
nerve root 15 the rule rather than the exception.

X\ RAY FINDINGS

Adequate radiographic studies should be made n all
cases of nech injuries, and 1n all cases in which there 1s 2
possibthty of 2 mechanical derangement or other pathologs
causing imtation or compression of the cervical nene
roots. Correct interpretation of such studies 1s possible only
when the interpreter has the opportunmy to correlate the
svmptoms and the chnical finding with the \ rav findings
Much too frequently the radiographs are read as being

essennally  negatne,” or as having no sgmficcant
changes. It should be stressed and restressed that mmmal
changes may gn e rse to severe symptoms, w hereas marked
changes may gne nse to mimumal symptoms and clmical
findings. Mulaple views mav be necessann to show what
may appear to be an msignificant findmg On the other
hand one simple lateral view mayv demonstrate some gross
pathological condinon.
Lateral Views

The three upnght lateral views as suggested by Davis
should be made routmelv (Figure 49)

The straighe lateral view 1n seventy -eighe per cent of all
cases of cervical nenve root irmranon will show a loss of
the normal forward cunve of the cervical spme This 1s due
to spasm or contraction of the prevertebral and lateral
verrebral muscles — longus capitus and colly, recti and the
scalene. A reversal of the curve, which 15 usually local
rzed to three or four segments, will be found m approx-
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Fruae 494 The Davis senes of x-ray films. Saughe lateral view Note
‘o of forward curve and narrowing of disc berween C5 and 6.
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Froure 49B Fleooo view
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5

Frouer 49C. Hyperextennon view Note posterior subluradon of C3 on
4 CtonSand CSon 6.
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mately twenty per cent of these cases. The apex of the
reversed curve indicates the site of maximum irriration,
usually The reversed curve may be high n the cervical
spine This 1s truc especially 1n children (Figure 50)

Ficure 50 A lateral radiograph of the neck of a child, sgo three, who

}udhidlspnhh;uryofthcmulspmc.NomLhercrtndofd:c

curve st level of the second and churd verrebrae This is a frequent find
ing m spram injorics of the peck in children.
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In some mstances the reversed curve may present a sharp
angulavon at onc speafic level (Figure SIA and $1B)
Such angulation may be caused by a tearng of the inter-
spinous higaments or by rupture and extrusion antertorly of
the mtervertebral disc * Forward subluxanon of the pos-
tenior arnculanons with wideming of the joint spaces and
separation of the contiguous spinous processes may be re-
sponsible for the sharp angulation postertorly

It has been stated that a loss of the normal lordotic cunve,
or a strughtening of the cervical spine, may be the resule
of some emotional factor * and rhat therefore 1t has lirde
significance from the standpoint of diagnoss. However,
once the emononal dsturbance has been corrected, the
lateral radiograph should show a restoraton of the normal
forward cunve of the cervical spine

Stemndler has referred to the loss of the normal lordone
curve s the ‘ antalgic position ** It 5 m this posinon that
the patient expenences some rehef of hs pam If this
position persists, eventually hy perextension, which normally
increases the lordonie cunve, may be impossible.

The forward flexion view demonstrates the locanon and
amount of forward flemon Not snfrequently the neck may
appear on examnation to have a normal range of monon,
but the x ray film may reveal that monon occurs berween
the atlanto-ocaipital and atlanto-axnal articulanons and be-
rween the cervicothoracic jomts with hitde or no motion
occuning n the other cervical joints. In other snstances
there may be no demonstrable monion berw een the first and
second vertebrae or none berween any tw o other 1 ertebrae
(Figure 52)

Antenor subluxaton or acrual forward shpping of one
vertebra upon s adjacent dmtal vertebra may be seen m
the forward flewion view One or more forward sublux-
anons may be present The ghding motion which oceors
between the vertebrae, which has been demonstrated by
aneradiographyv* when flexion of the neck tales place 1n a
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in (B) with the neck m flenon
The postenoc angulstion perasts
with the neck in hyperextennon,
23 shown fn (O
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Frcune 51B Radiographs of the
psuent shown m Figure S1A
which were made ten months after
the mjany Note the Incresse m
the posterior angulatron | the
sraght lsteral view and n the
forward flexon view
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exghteen year old boy which
demonstrate  the absence of
moton between the fifth snd
sixth vertebrse. There s no
bony fudon noted between
these two vertebrse This boy
was sruck on the back of the
necl by a falling timber three
years before these films were
made.

subject which 15 considered to be normal does not repre-
sent 2 true subluxanon due to ligamentous instabihiny A
radiographically demonstrable forward subluxaton of one
vertebra upon another should be indicative of igamentous
or skeletal mstablin  even m the absence of a known
njury

The hyperextension view demonstrates the range and
location of backward monon and the presence or absence
of posterior subluxanons. Posterior subluxanons do not
occur m the absence of ligamentous instability (Figures
53A and 53B)
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Firovre $3IA. The Davls senes of
lstersl radiographs. Nore the low of
the forward curve m (A) and che
forward subluxanon of the third on
the fourth and of the fourth on the
fifth. In the forward flexion view (B)
there i marked forward subloxapon
of the tecond oa the third and of the
fourth on the fifth a5 well m the
third on the fourth In the hyperex
tenslon view () there 18 postenor
subluxation of the third on the fourth
and of the second an the third, These
wbluxanons re doe to ligamentom
sod capsular insuabiliny, resuiung from

2 spraln mjury of the neck
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any known mjury to her neck, There
are no sublurstions end no radiogrs-
plucally wisible degenerstive chamges.
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Frcuxe 54 Fracture of the body of the fourth verrebra and forward
lnxanon of the second on the third, cxused by tearmg of the postenor
hgurmmmmdcap‘u]umcmmnrhukwl.cmbcmm (A)

Redocnon sccomplished by skelenal mactdon is shown m (B)

Froume 55 A compresson fracture of the anterosupenior pornon of
the sventh cenvical verrebra was not noted i the inrdal post-injury
film (4) but it wxs definitely endent in the film made rwo months

lacer a5 shown m (B)
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Fiavxe $5C. Compremon fracture of the body of C7 which was not
discovered until two months post Injury The shoulders prevented sde
quare visualizetion of the seventh vertebral body

Frure 6. A fractore of the lamma of the second vertebra with
forward lurttion of this vertebra, and s fracture of the spmows proces
of the third vertebra can be <eni m (A) There b an svuinon of the
mmprmufthefou‘rd]mtebmnln In (B) the fracturcs aro
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Froure §7 Persstent antersor subluxation i all widen
ing of the lsteral wntenercebral joint space on the right dde m the
ENTCTOPOSIETIOr YICw
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All lateral views may show the presence of compression
fractures of the verrebral bodies ar any level (Figures 54)
Compression fractures may not be evident on the 1mnal
radiograph, but may be definieely vsible on subsequent
films (Figure 55)

. —
- -t

Ficune 59 Fracture of the infenor facet of C5 on the left side Note
changes m intervertebral canals becween C5 and 6 and berween C6 and
7 and the forward sibluxanon of C6 and C7 on the left dde only

Fractures of the spmnous processes and of the Jaminae
«<an be noted on the lateral views (Figure 56)

All lateral views may show a persistent forward sub-
luxanon, in which event one should look for a fracture
through the verrebral arch or through the inferior facet of
the forwardly dwplaced vertebra (Figures 57 58 & 59)
These fractures are best demonstrated by flexion-obhque
views and by lateral-obhque views which throw the

arncular facets mto the correct position for proper visuali-
zation.
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Approuimately forty -six per cent of the cases examuned
will show narrowing of one or more intenvertebral discs,
Hypertrophic changes of vaning degrees mav be noted
1n the films which show narrowed discs. These changes of

Facure 60 Flxanon of vertebrac adjacent to narrowed dhcs. (A) Hyper
extension view (B) Flexion view  (Seraight lateral view name s AL)

the vertebrae adjacent to the narrowed discs lead to fixa-
non of these vertebrae and such firanon can be noted m
the three lateral views (Figure 60) Hy pertroplue conds
nons occur most frequently between the fifth and sixth
and between the fourth and fifth vertebrae or 1n the areas
which are most subject to stress and strain and to trauma.
However they may occur at any level (Figure 23 ) Sub-
Jluxations may occur above or below the fixed areas g3 a
result of recent sprain or from undue relaxation of the higa-
mentous and capsular structures of the adjacent vertebrae.
One or more subluxatons will be present in nunery -five per
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cent of all cases. It has been noted that the most frequent
subluxation occurs between C4 and C5 Some radiologists
consider this subluxation to be normal and do not report 1t
1n therr findings. However, 1t 1s my behief that 1t should be
considered abnormal 1n as much as the fifth nerve root s
the one most frequently 1mitated or compressed It must be
remembered however, as stated above, that the extent of
the mechanical derangement 1s no indication of the amount
of irntanion of the nenve root. In some cases there may be
chinical evidence of severe nerie root compression wathout
demonstrable mechanical alteranons

Oblique Views

Oblique views gne nformanon concerning the mnter-
vertebral foramina. Spur formations at the margins of the
lateral intervertebral jomnts may be seen projecting into the
mten ertebral foramma causing anteroposterior narrowng
(Figure 61) However 1t must be hepr in mund that the

Tictxe 61 Oblique views which illustrare narrowed intervertchral
umhdnem:purfonmnam-tdwmargn’uofd\clncnllm:rbody
mmMcﬁmgum:amnpmodofyumbmmchjohmmd

dwld]mnmtmuucnmhmmnmpﬂ)lemm]m-ydunm
wructures,
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exact amount or cxtent of the spur formations cannor be
deterrmed 1n the x ray films. In anatomucal specimens the
author has found that the greatest amount of hy pertrophic

Faoure 62 Hypertrophuc changes — lateral and semi-oblique views. Note

sppezrence of spur formation st posterior portion of C4 5 and 6 in (A)

Note marked spur formmnon sbout the margms of the luenl mrerverte-

bral joarts 3t C4 5 sod 6 m (B) Spur formanons do oot eccur at the

postenor marguns of the vertebral bodwes, although the lateral flm gives
thar sppearsnce.

spur formation oocurs at the margmns of the lateral interver-
tebral jonts. In the lateral x-rav films these may appear to
be projections on the postenor surface of the margms of
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Fiovre 63 Lateral-oblique views, which show the posterior articula
nons. The panent shown m (A) has had a partdal facetectomy at CS and
6. The short errow pomts to a fragment of bone which was not re
moved This panent s symproms were not relieved by the operavon. The
radiograptn (C) and (D) are those of a panent who had received a neck
myury in childhood. There s bony fusion berwreen the posterior portans
of the bodies of C5 and 6, and ap avulsion of the spinous process of CS
83 shown m (D) The lateral oblique (C) thows thar there b no bony

foston of the facens,
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the verrebral bodies These changes mav be demonstrated
best in secmi-oblique views as shown n Figure 62(B)

Oblique views made with the neck in flexton reveal
fractures of the articular processes and of the vertebral
arches These views should be made n all cases which
show perssstent forward subluxations in the three lateral
films. A unilateral fracture of 2 vertebral arch or of a
posterior facet, permits forward subluxation of the verte-
bral body on that side and no subluxation can be scen on
the other side (Figures 58 and §9)

Laterzl oblique views show the postertor arnculations
from a different angle (Figure 63) and may be of diag
nostic aid 1 junes of the facets Spur formanons about
the margins of the facets can be demonstrated 1n chis pro-
jection

Anteroposterior Views

Anteroposterior films made with the tube nlted up-
wards twenty -five to thirty -five degrees so that the central
rays pass through the intervertebral spaces will demonstrate
the upward projections at the sides of the supenor sur
faces of the bodies of the vertebrae Narrowing or widen-
ing of the lateral intervertebral joint spaces as well as spur
formauons about the jomts can be seen (Figure 64)

The anteroposterior view 15 of tremendous value as 2
diagnostic aid and 1t should be made routmely This view
when made correctly gives more informanon concernmg
the lateral interbody jomnts than any other view The extent
of hypertrophic changes sbout these joints and their en
croachment upon the intervertebral canals can be seen
(Figure 65)

A compression fracture of an upward lareral projection
of a verrebral body may be found m thes view (Figure 66)
A nde lsshing neck injury can cause such a compression.

‘Widenmg of a lateral interbody josnt space on one side
may be caused by hemorrhage into the joint, 1t may indicate
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»

E. o Y. 8

Fuurr 64 Anteropostenior vlews of cerviaal spines. Relsuvely normal

sppeanng duc spaces and Lateral Mterverrebral joines cxn be seen i (A)

Nore marked degenerative and hyperrophic changes m (B)  (C) and
(D)
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a umilateral subluxation of the adjacent posterior jomnt or 1t
may indicate a fracture of a vertebral arch or of a facer at
thac level (Figure 57(D)) \Vhen there 15 separation or

Fiotze 65 An smeropostenor view of a cervical spme which has
been enlarged to show more distinetly the marked hypertmrophic changes
about the larera! meerbody joints. Note thar the joint between the mxth
and seventh verrebrae on the left side has escaped these marked changes.

wideung of an mrerbody jomt space on one side there 8
2 corresponding narrowing on the opposite side usnally
Narrowmg of both lateral mnterbody jomts 5 present
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Fuwoar, 66, Compremon fractures of the upward lateral projections of
the body of the fourth vertebra, resuldng from a side lashmg injury

when there 135 degeneration and narrowing of the adjacent
disc space

A decrease m the vertical diameter of a vertebral body
whrch has suffered a compression fracture can often be
demonstrated 1n the anteraposterior view

Ay
(’(%\
sAN

Ficese 67 Sketch of x-ray films of CI and 2 showmg fracture of a
supenor articnlar facet of Cl In (A) ard fracture of the odontodd pro-
cex of C2 in (D)
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Radiographs of the atlas and axis should be made of all
pauents who have had a recent neck injury and i all
cases with symptoms of occipital headaches and of * blach
outs Fractures of the odontord process and of the lateral
articular processes can be demonstrated m these films
usually (Figure 67) Changes n the relanonship of the
lateral masses of the atlas and the odontord process may be
noted which m the absence of a congemutal anomaly, 15
indicatve of njury to the retaining hgaments of the atlas
(Figure 68)

R

Fruae 68 A radiograph of the first two cervical vertebrse which
demonsares @ marked sublmanon of the atss on the ams w the nght
side.

Myelographs

Myelographic studies may be mdicared if the chimcal
findings arc suggestive of a space-occupying lesion or if
conservative treatment gives no relief Proper interpreta
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tion of these studics v of the urmost mportance i as
much as a defect 1 the column of radi-opaque matenal
does not sgmfy a spacc-occupy ing lesion necessanly  Of
mterest sn this connection 1s the work done by Kaplan
and Kennedy on the effect of head posture on the mano-
metres of the cercbral spmal flud 1n cervical lestons They
found that flevion and hy perextension of the nech altered
the manometric readings i twelve of thirty-one patients
who had had a chmeal diagnosis of cord compressing
lesions.” Explorarory lanunectomy was done on eighr cases.
Seven of these had shown a complere black with the nech
n hvperextension and one had shown a partial blochk No
tumors were found. Compressing exostoses were found n
four at C5 and 6 Permeated discs were reported i two and
adhesive arachnoidins accounted for the changes in the
other two cases The spinal fluid protem levels saned from
normal to shght elevanon My elographs were done 1n four
of the twelve cases, and cach showed a complete stoppage
of the pantopaque with the necks n hy perextension As
the necks were slowly flexed the pantopaque dribbled
along the lateral sides of the defects. Alselography con-
firmed their findings on the effect of head posture on bloch
age of the cervical sub-arachnoid space

Figures 69 (A) and (B) show the myelographs of a
pavent which were reported as demonstrating a ruptured
disc at the C5 and C6 level bulaterathy, Howerver the de
fects are directly over the lateral inter ertebral jomnts, and
may be caused by swelling capsular thicherung or marginal
by pertraphic spurs of the jomts rather than by protruding
disc material The pattent s chief symptoms were headache
and pan in the nech Conservamie treatment consisting of
mtermittent traction  collar immobilzation and procaime
wmjectons gave adequate relief Another panent who had
simular my elographic films (Figures 69 (C) and (D)), was
operated on for a ruptured dsc  The symproms were
bilateral The removal of disc matenal and preces of bone
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Ficvar 69 Mydograpls of rwo pnumT) repc;rcﬁ::l—“u demonsirating 2
rupeured dexc™ at C5 and 6 level bilarerally
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from one side was reported In all probabiles margmal
spurs on the lateral ntervertebral joint and thichened
capsular matenal were remosed

My elography 15 indicated only when adequate consenia
tive treatment fails or 1f there 1s some indication of actual
cord 1m olvement or a space oecupying lesion One should
hesitate to imject a radio-opaque matenal into the cervical
spmal canal unless 1t 1s absolutely necessary Too frequentls
we find that this matenal has been allowed co flow mto the
recesses of the brain where 1t has remamed  Supposedlsy 1t

causes no 1ll effects, but we cannoe s2v positnely that i
does not

Shoulder Films

If a panent complans of pain 1n the shoulder joint and
lmitanon of glenohumeral monon anteropostersor and
lateral films of the upper end of the humerus should be
made. As stated above, eight per cent of the patients who
have mechanical derangements of the cervical spine with
cervical nenve root irntation show calcareous deposits 1n
the musculotendinous cuff (Figure 70 (A) and (B)) A
single view may not demonstrate the calcareous deposit.
Therefore, two views should be made rouunely 1n all cases
complaining of shoulder pan and bmitation of glenohum-
eral manon whether of short or long duranon

A large deposmit of calcareous matenal may be found m
the musculotendinous cuff of a panent who has had pan
and hmitauon of motion for only a few hours.

Films of a “frozen shoulder ™ that 15 one with advanced
adhesive capsuliuss or tendinns, may show acrual narrowing
of the glenohumeral jomnr space There may be x ray ev1

dence of degencramve changes within the head of the
humerus
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P

Fraonx 70A Film of u shoulder showing a calcareous de
posit.
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Frouxe 70B Tilm of the cervical spine of partent m 704,
shoung # narrowed drsc at CS and 6.
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Chapter 6

DIFFERENTIAL DIAGNOSIS

PM\ caused by irntation of cervical nen e roots or trunks
must be differentiated from the following conditons |
Pamn reflexly referred from somanc and visceral structures.
2 Pan resulting from irntation of a nerve or branch of
anene 3 Pan caused by some lesion within or abour the
spmal cord 4 Pan resulong from lesions of the bramn.
5 Pan of psychogenic or psychosomance ongin

Such differentiation 1 not too difficult 1f one heeps 1
mind certain neurological consideranons 1 Pam from im
tation of a nerve root or a nenc trunk 1s referred to pomts
along the segmental distmbution of thar nene root or
trunk dsstal to the source of the irntarnion, Such areas of
referred pan are accompanied by deep tenderness and
muscle spasm ** * 2 If 2 nenve iself or 2 branch of 2 nene
1s imitated pain may be referred to the penphery erther
proamal or distal to the site at which it occurs but the pan
ful areas are not tender to deep palpation’ 3 Pam which
orgmnates 1 & somatic or visceral structure may be re
flexy referred along the segmental dstrbuton of the
nerve or contiguous nerves which supply that structure,
bur these areas of referred pain are not tender on deep
palpanon.  There may be superfictal tenderness or hyper
algesia which may represent reflex sympathetic irritation
with a resuling peripheral expression due to vasomotor
changes. It may be due to irntanon of the afferent pan
conducnng fibers which accompany the sympathenc fibers.
4 Sensory motor and trophic changes do not wvolve the
region of reflexly referred pan The reflexes should be

174



DIFFCREN MAL DIACNOSIS 12§

normal How ever, reflex]y referred pamn and cervical nerve
root irmtanon may oceur at the same tme, m which -
stance differenuation s often difficule 5 Pan which results
from lesions of the cervical spinal cord and of the bram
follows no defimite nerve root pattern and s ill-defined
and indisunctly demarcated The lower extremitics may
be mvolved as well as the upper extremines Coughing
sneezing and straming increase or aggravate the pain, usual-
Iy Spasucin or hypertonia and hy peractine reflexes are
the rule whereas lesions effecting the nerve roots cause
hyvpotorua and decreased reflexes.

If there s doubt i the differential diagnosis the simple
procamne njection test will, 1f done properly dispel that
doubt usually  Injection of a local anesthetic into a myalgic
area resulong from cervical nerve root wntation will re-
produce momentanily the radicular pan and then gnve
dramatic rehef of pan for days weeks or months A local
anesthenic tnjected tnto 2 pamful area where there 15 no
associated deep tenderness will ginve fleeting relief of pamn
n that area and there will be no reproduction of radicular
pain at the ume of the mjecnon  Behan called attennon to
this fact forty vearsago !

The following conditions which may give rise to symp-
toms thar might be confused with cervical nerve root srmi-
tation must be considered 1 Malignancies, cumors, infec-
tions, inflammation and trauma nvolving somatc or viscer-
il structures which have the same segmental 1nnervanon
2 Tumors, dseases and 1njunes of the cervical vertebrae
which mav preduce space-occupyving lesions withun the
spinal canal 3 Tumors, diseases and trauma of the spinal
cord wsclf 4 Tumors and discases of the bram. 5 Basilar
impression, which 15 a congenital malformanon of the
cramiovertebral boundary with encroachment of bone on

the adjacent neural structures. 6 Lesions of specific nerves
or their branches.
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A few case histonies may help to clanfy some of the
differennial diagnostic points
Case Numnber One White male, age 67 had had excru
catng pain in the nght shoulder end arm of several
months duration. He had a marked kvphoss and scobosis
of the upper dortal vertebrae with marked compensatory
hyperextension of the nech and narrowing of the nght
interiertebral foramen between C+ and § —an excellent
candidate for cervical nen e root irntation. Trearment was
directed toward the cervical spine without proper differ
ential dragnosis. Procaine injections gave onlv temporary
rehef Traction gave no appreciable rehef It was then
necessany 1o look for a lesion of a viscera with the same
segmental nerve supph \ rav films of the chest revealed
a bronchogenic carcinoma
Case Number Ti.o White male, age 65 compluned of
pain mn the left arm which had been present mince a fall
on the elbow three months previously He consulted his
family physican who made a diagnosis of “muscular
sorcness.” The pain became worse and he consulted a
surgeon w ho sent hum to the author

His presentng symptoms were  Pan in the left elbow
and shoulder Pan behind the shoulder and in the left
chest anteriorh Lxamunation revealed evidence of an old
abrasion over the up of the elbow There was a full range
of elbow and shoulder monon All neck motion was
markedly hmited There was marked deep tenderness in
the postenior neck muscles on the left stde and m the upper
rhomboid area  Tenderness aver the left sixth rib antenor
ly was present The compression sign was positive on the
left nde. The reflexes were normal and there were no
sensory changes.

X ray films of the shoulder and clbow were negative. A
single lateral view of the cervical spme revealed narrow
ing of the inter ertebral dise berw een €6 and 7 and cakar
ficatton of the antenor longrtudinal hgament at this level.

There was some irregubinty of the posterior araculs-
tions of C6 and 7 An anteroposterior view showed defimte
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spur formanon at the margimns of the lateral mnters ertebral
joints between C5 and 6 and C6 and 7

A duagnosis of cervical nerve root irntatien, resulung
from the thrustng force of the body weight on the elbow
at the tme of the fall, was made.

Monocaine was mjected mnto the tender rhomboid area
Thus gave him complete relief of pan 1 his shoulder and
arm. However the pam i his chest permisted and was
alwavs aggravated by hvperextension of the neckh.

Two neeks later 1t was noted that this pauent had some
difficults 10 breathing An x ray film of his chest revcaled
an moperable bronchogenic carcinoma of the left lung
with pleural effusion and pathologic fractures of the fifth
and sixth nbs m the anteror axallary hine.

This man had pain due to cervical nenve root 1rneaton

as well as localzed patn at the site of the pathologic frac
tures,
Case Number Three Whire male, age 31 had had pain 1n
his nech, shoulders, arms and hands with numbness and
onghng of the thurd and fourth fingers of both hands
for four weeks. He had had two njunes to his neck ten
amd fifteen years previously He had had one attack of
neck, shoulder and arm pain several months previously
which had responded to bed rest and traction. His present
ing symproms had come on suddenly as he was going
down some steps. They had grown increasingly more
severe and were worse at nught so that three or four hypos
were necessary for hum to get anv rest Coughing sneez
ing and straiming at stool caused sggravation of hrs pain,
He had been hospitalzed for cervical traction and had
then been fited with a cervical brace withour relef

Exsmnation revealed that there was marked hmitation
of all neck mouon and thar any attempt to move the neck
caused severe pam. The posterior neck muscles were
somew hat spastic but there were no localzed arcas of
muscle spasm. The biceps reflexes were shghtly hyper
active. All other reflexes were normal and there were no

defimate sensory changes. There was no muscular weakness
or arrophy
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X ray films revealed thar there was very hittle mounon 1n
his cervical spine, There was an antenor subluxation of
C3 on C4 and a posterior subluxation of C4 on C§

The severe svimproms and the mintmal clintcal findings
were not indicanve of cervical nernve root irntation per
se. Procane injections gave temporany relief

Al elographuc studies revealed an almost complete block
at the C4 and § level The spinal flud exammanion re
vealed a proten content of one hundred twenty-eight
milligrams,

Neurological consultanion was obtained but due to the
absence of positive chnical findings surgery was not rec
ommended at that tme.

With further bed rest and traction he improved a grest
deal and was allowed to return to his home Two weeks
later his pan becante so severe that he was hospitalized
in hs home town and further neurclogical consulration
was obtained there A laminectomy of C3 to C5 was done
and 1t was found that there was a fusiform enlargement of
the cervical cord at C+ and §  The neurosurgeon stated
that he believed this enlargement represented an intra
medullary neoplasm but 1n as much as there were so fen
ncurological findings he did not believe he was jusnfied
n opeming the dura.

X raduanion therapy was given following the decorupres-
sion operatton and he was alloned to return co work after
about two months He was unable to connnee his work,
however and he was then given another series of ¥ radu-
won therapy  This man contnued to have pain and
numbness 1n his arms and hands. He developed some mus-
cular weakness which was wonc following his second
sertes of x ray treatments. How ever wathin eighe months
he was abke to return to work and presently five vears
fater 1s having very bLrttle difficuley
Case Number Four A whire mle, age 65 complaned of
pamn m hits nech and pain 1n the mid-dorsal area which
radiated around his chest wall and abdomen. Complete
chest, biver gall bladder heart and spine studres had been
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done six months previoush  Apparenthy nothing abnormal
was found, and no treatment was gisen.

Examination revcaled hmitation of neck motion n flex
1on and 1 lateral bending and rotation. The patients
general posture was poor at that time in as much o3 he was
begmning to slump with resulnng marked hyperesten
sion of his neck There was pan and superficial and 1l
defined tenderness over the spinous processes of the sev-
enth, eighth, and ninth dorsal vertebrae This finding s
sigmificant 1 as much as 1t 1s charactenisuc of duodenal
uleer pain. Sir Wilkam Bennet made this observauon in
1904 There was no definite evidence of cervical nerve
oot irntation at that ome.

The staght lateral x rav film revealed 2 marked
crease 1n the forward curve of the cervical spine with
some postenior subluxanon of C+ on C5 The fornard
flexion view revealed detrute antenor subluxatton of C4 on
C5 CS on C6 and C6 on €7 The hvperextension view
revealed postenor subluxation of C3 on C+ and of C4 on
Cs

This pauent s patn was not localized but was diffusc over
the mud-dorsal area, postertor chest wall and upper ab-
domen,

A monocaine injection at the level of the seventh, esighth
and ninth dorsal vertebrac gave lim temporany relief only
a5 was antiapated. In as much as this patient had had a
previous duodenal ulcer had been on a smmict dier and
had taken Banthine he was advised to retumn to fus diet
and to the Banthine, At the end of two weeks the pain
in his mid-dorsal area, chest and abdomen had disappeared
but he was still complaning of some pan in hus nech. He
was fitred with a shoulder brace to mprove his posture.
Weanng the brace gave him some rehef of his pamn  He
was advised to get away from the pregsure of his business
for a vacation. He rerumed six w ecks later ar w hich ame
he was completely free of pain

He was not seen again for another six weeks., At that
ame he returned compluning of pain 1n hus left arm at the
msertion of the deltoid and of pan 1 both wnsts, The



130 THE CERVICAL SYNDROME

pain was alwavs worse at mght He was g1y en intermittent
cervical traction. He continued to improve over 2 perrod
of three weeks. He then had severe neck, shoulder and
arm pain on the left side which required a narcotic for
rehief

On examimnation 1t was noted that pressure on the kft
nde of the neck at C5 and 6 caused a reproducton of hus
pain 1n hus shoulder arm and hand. A monocaine myecuon
mnto the posterior musches of the neck on the left side gave
complete relief of pain. However there was something
about the clinical picture which was suggesuve of other
pathology  He was sent to a cardiologist who found that
this man had had 2 mild cardiac infarction which was be
lieved to have occurred six or eight months previously
Alld congestive heart failure was present and the panent
was hospitalized for three weeks. Two weeks later he was
rehosprtalized and operated on for a perforated duodenal
ulcer Five davs later he died, apparently of cardiac farture.

This case well illustrates the importance of differennal
dugnosis. The patient did have evidence of 1mmnon of
the fifth and sixth cervical nene roots bur this condition
was much less significent than his other lesions.
Case Ntrmber Free \White male, age 34 was referred by
an internist because of persistent and uncontrolled head-
aches of three years duraton. His headache came on very
suddenly as he stooped over to pick up something Seversl
weeks after the onset he consulted his family physicran
w ho gave lum some medication for the pain - The pain was
alwavs aggravared by certan posrions or movements of
the head and could be relieved by tilung his head forward.
The pam was located 1n the back of his neck and at the
base of his skull with radution belund his ears, Over 2
pertod of three years he saw an opthalmologist, otolaryn
gologist, an orthopacdst and & neurosurgeon. None of
these found any cause for his headsches and he was sent
then to 2 psvchiatnst who sent him to a stre insnrution
for electro-shock therapy He received seven shock treat
ments and was then sent home with his headache and with
new symptoms of “black-outs” and lass of balance. Later
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hrs famuly doctor sent ham to another neurologist with the
suggestion that the patient might have a brain wumor
“The neurologst tald him that “he was crazy  and that he
should be sent to an nstrunon He returned to the hos-
pital for further shock treatment w hich gave him no rehef
Later he consulted sn mterrust who gave him histamine
mjections. These gave him some rehef of fus headaches.
The intermist referred hum to the author becguse he
thought there mught be somthing wrong with fus spine.

The presennng complants were | Headaches at the
back of head and neck which were worse whenever he at
tempted to lie down. It was necessany for fum to sleep
propped up with two or three pillows. 2 Loss of balance
and mability to walk withour assstance. 3 Dafficulty m
swallowing which was more pronounced in the late after-
noon. 4 Suffness of hus neck. 5 Numbness and ongling
of the fingers of the nght hand especally the lrtke and
nng fingers.

This young man was 2 most pathenc individual. As he
sat i the examining room 1t was noted that hus posture
was very poor He st in a markedly “slumped’ posinon
with his neck 1n marked hyperextension  His face was al-
most expressionless. He seemed afratd to move

Examination revealed marked lmutation of all neck mo-
tion except m hyperextension. However hyperextension
caused pain m his nech and at the back of his head There
was definite tenderness on both sides of the neck poster
torly  All bus reflexes were hyperacuve except the abhdom
imbs which were absent. There wes definice hypesthesia
along the cutaneous distribution of both axllary nerves
and of the fourth and fifth fingers on the nght hand
When he stood up he could not walk for 2 few seconds
because hie had a sensanon of blacking our” and of loss
of balance  As he walked with assistance 1t was noted that
he walked with 2 wide base or with his feet some distance
apart and with esch step 1t Jooked as 1f he mughe fall.

\ ray films of his cervical spine revealed changes which
might account for some of hus svmptoms. It was obvious



132 THE CERVICAL SYNDROME

that this patient needed treatment and encouragement. He
was fitted with a shoulder brace 1n an effort to correct hus
poor posture. He was gnen intermittent traction and a
felt collar was applied After the sixth treatment he was
greatly improved and us poor posture was corrected.
Two weels after his treatment was started he was able to
go to hus place of business for two hours each day He
then came 1n at weekly intervals for internuttent traction
and for observation. He and his whole family were greath
encouraged.

At umes he continued to complun of difficulty 1n swal-
lowing and of occamonal dizziness when he got up sud
denly from a situng posinon. Sneezing and coughing
seemed to aggravate hus pan at all ames. His walking im-
proved somewhat. However in as much as hus symptoms
and climieal findings were suggestive of some other lesion
he was hosprtalized for mselographic studies, the onh
chnical test that had not been done. He had been told
that he had two compression frectures m tus lower back
follow ing the shock treatments. However the x rav films
of tus lower back and the my clographuc studies were en
urely negutnne for fracture and for any space-occupving
lesion 1n the cervical spine.

He had a stormy oime following the mvelographic
studies with more difficulty 1n swallowing and more dizz-
ness. After a few dayvs his symptoms subsided somex hat
and he was able to return to hus place of business for 2 few
hours each day and was able to drve his car for short
distances. He was last seen on December 10 1953 at which
trme he was feeling much better and was m verv good
spints. Three davs later his wife called to report that he
had 2 cold and that he was having some difficulty 1n swal
lowing That mght he slept very httle and was unable to
swallow or to take anv flnds by mouth. Early the next
morning he sneezed, became cyanotic and expired before
medical a1d could be obtained.

An autopsy was done w hich revesled the following con-
dinons 1 Acute suppurauve bronchiolis, bilateral, with
spreading and rapidly developing bronchopneumonta and
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with resulung generalized acute toxernia and acute my o-
cardial degencranion. 2 Permstent hmphoid tissue state,
possibly being responsible for generalized lowered resist
ance. The persistence of lvmphoid mssue in an abnormal
amount was found m the thymus, the thyroid the spleen
and all lvmph nodes. 3 Cvst of the cerebellar vermis ex-
tending 1nto the sub-arachnord space and separaung the
cerebellar hemuispheres. The cvst was not recognizable as

a speatfic histolognc lesion. There was no evidence of m

flammation or of neoplastic disease 4 Constnction of the

esophagus immediatels below the larvnx. This constnction
was apparenth of congenital ongin,

The following svmptems which this patent had could
have been exphuned on the basis of cervical nerve root
imtanon  headaches, difficulty 1n swallowing loss of bal-
ance, pan 1n the nech numbness and unglhng of the fing-
ers, and aggravation of svmptoms by hvperextension of
the neck. The persistent hyperactive reflexes and stagger
mg gut could not be explained on the basts of 1mtauon
of the cervical nerve roots. The encouragement w hich this
patent recened rather than the treatment may have been
responsible for s ymprovement wnnl he developed a
scvere and overwhelming bronchopneumonmn  against
whuch hie facked the usnal reasuve forees.

A differental diagnosis can be made usually 1f one re-
members that wntaton or compression of the cervical
nerve roots with radiation of pain 15 accompanied by deep
tenderness at the site of the painful areas There may be
scgmental areas of deep tenderness that are not panful un-
ul palpated, which s further evidence of nerve root 1n
volvement If there s doubt concerning the differennal
duagnosss the simple procame or local anesthetic injection
test will dispel that doubr i most instances Injection of a
local anesthetie into my algic areas w hich result from cervy
cal nene root irntation will reproduce momentanly the
radicular pattern of pan and then g e dramanc relief for
davs, weeks or months., Injection of a local anesthete mto
a pamful area where there 15 no assoctated tenderness will
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give fleetng relief of pain in that area and there wall be no
reproduction of the radicular pam at the ume of mjecuon.
One should then look elsewhere for the lesion or lesions
responsible for the pan. Vsceral or somatc structures
which have the same segmental nerve supply will be the
offenders 1n all probability
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TREATMENT

IN as much as pam 15 the symptom which brings the
patent to the doctors office treatment must be designed
for 1ts relief, as well as for the restoranon of funcnon. Of
necessity such treatment must be indindualized becanse of
the differences 1n pain tolerance and 1a the emononal and
constitutional varattons of each indwidual The patent
must be studied with consideranon of these factors and not
as just another panient with a pamn n his necl. Pauence,
tolerance and understanding are necessary on the part of
the physician An attempr should be made to explan the
situation to the pattent n simple language and on the basis
of 2 mechanical derangement. It should be explained that
relief can be given but that remussions will occur from
ume to tme  An effort should be made to teach the panent
how to live wath his neck and how to adjust huis every day
actvines to the altered mechanics of tus cerviesl spine

The author cannot stress too frequently nor too loudly
the mportance of reaching each panent how he can protect
his neck to avoid exacerbations of tus symproms. The
phvsician, one skilled 1n the art of healing must be a
teacher also and that n spite of the extra tme factor n-
volved Itss true that some patients restst teachung and some
cannot learn, bur at least the attempt should be made

Attennion should be given to the patient s general health
and habis. Infecnions should be elmminated Poor dictary
habis should be corrected. Allergies and hormonal 1m
balances should be treared.

The presention of injunes will of course elyminate the

192
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necessity for treatment 1n a2 very large percentage of cases.
Many colleagues, as well as patients, have nquired con
cerning the use of seat belws, or safety belts. The advantages
and dpadvantages of such applunces in motor 1ehicles in
the prevention and/or causanon of musculosheletal and
ligamentous njunes have inspired investigatm e and expen
mental work m this field much of which 15 well docu
mented in Volume 9 of Clmical Ortbopaedics™ The
authors own optnion 15 seat bels can only ncrease and
mtensify mnjunes of the nech ™ The weight of the average
shull, which 15 six to seven pounds, balanced upon the
slender and very flewble cervical spine makes 1t extremely
vulnerable to mmjury on sudden forceful deceleration or
acceleration of the body If the body s restraned, the
lashing effect upon the nech s greatly ncreased

The importance of a knowledge of the njunes which
occur ro the spine, and more especaally to the cervical por
tion of the spme must be stressed and restressed. There
1s a too great tendency  parnicularly 1n the emergency rooms
of most hosprtals, toward nadequate exarmnanon and dss-
positon of motor vehicle acaident vicums. If the vicum
can walk, or if he has no grossly obvious injuries he 15 often
sent on his way with a bir of advice to rake some aspinn
or use some heat 1Vhat shades of ignorance or stupidrey —
or perhaps 1t 1s simple lethargy!

Any accident victm should have the benefit of a thor-
ough examunanon mcludmg adequate radiographic studies,
and he should be hept under observation for twenty four
to forty-eight hours No physician, be he intern or sage,
should disregard this fact nor should he minimgze any com-
plant of the pauent for fear he mught be involved m 2
liability clam.
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MEASURES USED IN TREATMENT

Many treatment measures are at our employ  The follow-
g should be considered and used when indicated
1 Heat
Massage.
Injection of g local anesthenc
Tracuon
2. Motorzed mtermittent traction
b Hand controlled intermittent traction
c. Conunuous traction
Correcnon of poor posture
Immobilzation
The cervical contour pillow
Drugs.
Psy chotheraphy

ENRWEN)
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Heat

Heat 15 the most frequently used treatment for the relief
of pamn It increases the blood supply and relieves some of
the schemua, pan and muscle spasm where applied How-
ever 1ts prolonged use mav aggravate rather than relieve
the symptoms, It should be applied at the source of the
writanon and s wsually more efficactous when applied to
the postenior area of the neck. It may be beneficial, how-
ever if applied at the site of maximum pain and tender-
ness.

Durhermy  ether mucrotherm or inductotherm 15 the
vy pe of heat which s used most umiversally in office prac
nce. However hot mont pachs are very granfymg to the
panent. The Hydrocollator affords a convement method
for the use of hot morst packs in office and hospital prac-
nces. Many patents prefer this ty pe of heat Between of
fice treatmens the pauent should be instructed to use
hot packs at home. A large bath towel placed over the
nech and shoulders and hot water from a shower allowed
to run on the towel for five or ten minutes will often gne
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relief of pan and suffness. This 1s 2 convenient and smple
method of application of moist heat which 15 available to
most patents.

Ultrasonic heat has been effective in the treatment of
panful conditions, but it should be used wath grear care
and by one who s fully tramed 1n 1ts use. It can do more
damage than good.

Massage

Massage following the application of heat may be bene-
ficial Some of the verv mild cases may need no other
treatment Even deep pressure over a panful area may re
lieve localized pan in some instances.

The Injection of a Local Anesthetic

The most dramatic relief of pam caused by imtanon of
the nerve roots 1s obtained by the njection of a local anes-
thenc into the panful tender areas. This 1s true parucular
Iy 1f localized areas of pam have been present for rwenty
four hours or longer The local anesthenic breaks the pam
reflex by paralvzing the pam receprors and conductors. It
relieves muscle spasm and schemua. Its effect may last for
days, weeks or months.

The mjecuon should be given at the site or sites of max-
mum deep tenderness. If the area of maximum tenderness
1s over the posteror articulanons the injecuon should be
given there  One should be sure that the anesthetic matenal
s placed about the posterior jonts as well as 1n the pos-
tenor nech muscles. Frequently such an injection wall re-
heve all the radicular pam It 1s not necessary nor 15 1t
possible except by the antenor route to mject the nerve
roots themselves.

However if the point of maumum tenderness 1s 1n the
suprascapular muscles or at the superomedual angle of the
scapula the mjection may be given in these areas, or m any
other myalgic area The most important part of the proce-
dure s the momentary reproducnon of the radicular pain
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as the needie and local anesthenic enter the punful area.
If the pan 15 not momentanly aggravated or reproduced
the mjecnion will be of hule benefir

The anesthetic should be mjected 1 a stellate manner
from the site of maximum tenderness unul all pan 15 re-
lieved (Figure 71) More than one mjection may be neces-
sary

Fwore 71 Injecton of 2 local amesthete m 2 stellate manmer The pa
pent should be m ¢ prone postoon wnth the head resting on the hands
and with 1 folded pillow benesth the chent

It must be remembered, as already stated, that a local
anesthenc injected 1nto areas of pan which are reflexly
referred from somanc or visceral structures or pam from
cord and bram lesions wall not reproduce or aggravate the
pam and will be of httle or no value in relieving such pain.

In some nstances 1t may be necessary or advisable to do
a stellate ganghon block. Usually this procedure 15 not
necessary unless paralyess of the sympathenc control scems
essennal

The choice of the tvpe of local anesthenc to be used
should be considered Procaine has been used more univers-
ally than ans other local anesthenc However many pa-
tents have severe reacnons following injections of this
solunon. Duning the past five years the author has used
onl\ monocame solutions and has had no undesirable reac
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nons. The so-called long lasting anesthetic agents and those
with an o1l base should not be used

Certain precautions should be used to prevent the posn
bihty of an undesrable reaction The panent should be
gnen a barbiturate fifeeen or tweney minutes pror to the
use of a local anesthetic A one-half per cent soluaon should
be used rather than the usual one one and a half or two per
cent solutions. Greater quantnies of a one half per cent
soluton can be used without fear or trepidabon The m
advertent injection of a one-half per cenr solunon into
the blood stream or the spmal canal will not be disastrous,
whereas a stronger solutton might prove fatal The injec
tion should be done wath the panent Iving down rather
than in the upnght posmon An injecrable barbirurare
should be avalable 1n the event a severe reaction does occur
If however the reaction should be of the depressant tvpe,
a sumulant drug should be available If there 1s anv hustory
of a previous sensivits to a local anesthetic a skin test
should be made

Traction

Traction has been used n the treatment of nech mjunes
for many decades. It may be employed as continuous trac
©on or as INtermittent tracton

Continuous traction assures a certam amount of immob:
lzation of the cervical spine and relieves muscle spasn. If
correctly applied, it strasghtens the cervical spme and en-
larges the intervertebral foramina to relieve compressive or
irntatve forces upon the nerve roots. However the con
vennonal method of applicanon by 2 head halter 5 not well
tolerated because of the discomfort to the chm and lower
jaw  The conventional amount of weight of five to ten
pounds does nothing more than lift the weght of the head
from the neck, and Leep the panent snll to some extent

Skull traction, by some ty pe of tong 15 the most effective
means of obtaning and mantamng constant tracoon and
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any amount of weight up to forty or fifty pounds s well
tolerated by the panent However this tvpe traction s re-
served for certan fracture dislocation cases usually

The use of mortorzed ntermuttent traction 15 supplant-
ing all other methods of traction application excepr of
course, sheletal or skull traction Intermittent tracton re-
lieves muscle spasm. It has a massage like effect upon the
muscles and the igamentous and capsular structures It re-
duces swelling and promotes better circulanon i the ts-
sues. It prevents the formaton of adhesions berween the
dural sleeves of the nerve roots and the adjacent capsular
structures. In some mstances 1t may free the adhesions. In
some chronic cases where adhesions have been present for
some nme 1t may aggravate the symptoms of nerve root
trritation because of the tug 1t places upon the adherent
fnerve roots

Motorized Intermittent Traction

The most advantageous mtermuttent traction s that
which can be controlled in the amount and 1n the duraton
and that which gives the maxumum amount of traction with
the mimmum amount of discomfort to the panents chin
and jaw This can be accomphshed with the Tractolator
machune which s the onginal intermittent traction machme
designed by Gnffith and perfected by Judovich and Yellin
(Other tvpes of trachon machines are now available)
Two Tractolator umits (Fagures 72{A)&(B)&II(A) ) are
available~the chair and bed uruts The chair unut 1 recom-
mended for office pracuce and the bed umit for hospital
use However the author uses both units in the office and
prefers the bed unit because 1t allows che application of
mntermuttent racnon with the panent completely relaxed 1n
a2 sem jackkmife posinon (Figure 72(B)) Invarably the
patients fall asleep during their treatments, especaally 1f hot
packs are apphied to the necl. dunng the treatment

J L Miller MD., Chief of the Department of Radiolo-
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Fiovre 72A. Vlotored mtermittent tracoon (Tracto-
lator) (A) Char wmr

Availsble throvgh Lows Yellm, Incorporsted, Philadelphis, Pennsyl
vanls,
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gy at Baylor Hospital, Mr Joseph Perrzzolo, Chicf Techni-
aan and the author have done cineradiographie studies of
the cervical spines of sct eral panents dunng treatment with
the Tractolator Ten pounds of traction as indicated on the
scale of the machme, hfts the weight of the head from the
nech but produces no visible distraction of the vertcbrac.
Twenty to twenty-five pounds of pull does produce visible
distraction of the vertebrac and increases the size of the
mten ertebral foramina as demonstrated 1n the oblique pos-
non. With thirey -five pounds of pull separanon 15 sull more
marked, and the normal forward cune » completely
strughrened (Figure 74)

Patients with post-injury and degenerative changes in the
cervical spine, show little or no actual distraction of the
wvolved vertebrae, Thus 1s due to the thickenng and
fibrosis of ligamentous and capsular structures (Figure 75)

Treatments should begmn with fifteen to twenty pounds
of traction and the pull gradually mcreased to thurty -five or
forty pounds over a period of several treatments. Some
heavy muscled patients may require os much as fifty pounds
of traction

Judovich recommended 1njection of the anterior scalenus
muscle with procane mmeduately prior to the application
of cervical intermuttent traction.™ The author has not fol-
low ed this procedure as a routine measure It may be neces-
sany 1 sclected cases where there 1s marked spasm of the
scalene muscles, or m panents whose straght lareral films
show marked reversal of the nermal forward curve of the
cervical spine

Injection of other myalgic areas may be necessary prior
to the admimstraton of motorzed intermittent traction.
This should be determimed by the seventy and duranon
of the symptoms.

The author reccommends daly thirty minure meermuttent

tracuion treatments for three to six days, followed by treat-
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Freuxe 71B Votorized mtermittent maction. (Tracro-
lator) Bed unm set-up for office we
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Fruar 3(A)&(B) Bed tracton. (A) \lotorized mrermittent tracnon —
bed model. (B) Continuous traction
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Frouze 7 B \lotormed mtermmtent taction. (Tracto-
Irtor) Bed unit set-up for office we.
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twele to twenty -four inches away Weights may then be
attached to the end of the rope for traction (Figure 76) An
assstant can lift or ramse the weghts at desired neeryals.
"Thss 15 a rather crude method of traction application, but 1t
can be used 1f no other method 1s avatlable.

Fravme 75 A sraight lateral view of a cervical spme which had been
mnjured ten months previously 1 shown 1n (A) l\;tpcdnmtrulofﬂle
forward cunve. Thirty five pounds of traction produces very liide dis-
traction of the vertebrae and the reversed curve m dightdy meressed as
shoun In (B) This is duc to the thickenlng of the ligamentous and
capsular structures and to their decressed eluscaty which follow sprain

myuries,

A few words of caution 1n the use of this apparatus 1s
tndicated In as much as the amount of pull vanes with the
frction of the ropes on the pulleys and the posinon of the
panent, a scale to measure the amount of pull should be
placed berween the panent and first pulley (Figure 76)
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ment three tmes a week for one or two weeks Following
this, one or two trearments each week may be necessary for
a period of two or three wechs. How ever, some cases may
require no more than five or six treatments Others may be
hept comfortable with one treatment each week for an
ndefimite period of nme

Hand Controlled Intermittent Traction
Another type of intermittent traction which 1s hand con-
trolled has been used m office practice. The patient 1s placed

Fuure 74 Radsographs of a cervical spine without tracton B shown
m (A) and whh thirty five pounds of racion m (B) With thircy-five
pounds of pall the cervicel spoe o smaightened and there is vsible do-
tracoon of the vertchrae The size of the mterverrebral camals s defi-

niely meressed.

m a chair beneath 2 pulley on a hook in the ceiing A head
halter 15 applied to the panent, 2 rope s attached to the
spreader of the halter and placed through the pullev then
through a sccond pulley which 15 placed m the celing
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traction should be used with the weights placed in front of
the panent to assure a shghtly forward dircction of the pull
Contiuuons Traclson

1f motorized nternuttent traction 15 not avalable or af

Frire 77 On-the-door wraction, which the patrents can use at home

continuous traction 1 indicated the panent should be hos
pralzed This tvpe traction requires constant supervision
and s correct application 1 imporrant The direction
of the pull should be in a strught line with the necl or
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The friction of the rope on the pulleys will alter the
amount of actual traction so that twenty pounds of wesght
ar the end of the rope will produce appromimately fifeeen
pounds of tracton Howeser, if the panent slumps or shdes
down m the chair the actual pull may be incressed 1o

301bs
PATIENT
RELAXES §
SPINE

Fione /6 Hand controlled oracnon.,

twenty five or thirty pounds without altering the pasiwon
of the waights.

It 1s nor advisable to use more than rwenry pounds of
weight with this © pe traction Fifts pounds of weight has
caused severe g ous and cord damage. Ir 15 unneces-
sary and dapgerous to use that amount of rracnon. Ths
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Fuure 78A. Photograph (A)
shows a collar made of plastic
which 15 sdjustable and which b
used frequently in the tresrment
of spram injunes of the neck.
Thus collar gives good immobili-
zaton, but n much too hugh in
front and causes hiyper-extenmon
of the neck. The collar in (B)
s made of felt. It keeps the neck

The collar m (C) b made of
plastic, it 15 adjustable and it pee-
vents hyperextension of the neck.
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above the neck so that the cervical spine 1s straightened or
placed in shght fleon The pauent should be m 2 jack
kmife position for complete relaxation, and a small soft roll
or pilow should be placed beneath the neck (Figure 73B)
A panent placed flat on a bed with traction zpplied to the
neck suffers a great deal of abdomunal distress bur 1n the
jackknufe position ths does not occur If the traction 15
applied with the neckh in hyperextension the pamn will
usually be aggrasated

The amount of weight should vary wath the individual s
tolerance Most panents can tolerate four to ren pounds of
constant traction without teo much discomfort from the
head halter If halter traction causes too much discomfort
1t may be necessary to use head tongs for skeletal tracton

It 15 mmportant that the pauent be sedated for twenty-
four to forry -eight hours so that the maxmmum effects of
the traction will be realized As the svmptoms subside the
amount of weight can be reduced and then removed for
short penods. Some tvpe of collar immobilanon should
be used when the panent 1s aliow ed to be ambulatory

In some instances 1t may be necessary to permue the pa
tent to use traction 1n the home, but 1 no event should
this be allowed wrthout proper instruction 1n its correct
usage (Figure 77) 1Voe unto the doctor who hands the
patient the traction apparatus and tells umn to go home and
get m 1t for he will have an unhappy panent whose pain
will not be relieved and who wall look for another doctor

There are no contraindicatons to cervical traction of 1t
s properly used. In rare instances it may aggravate the
svmptoms at first Panents who have had previous injuries
to the lower back may experience pam in that area when
recerving cervical traction. Thes s due to an adherent durn
or to an adherent dural sleeve of a nerve root at that level™

Correctly controlled motorzed mtermuttent traction m
the author s expenence has given the best results and has
greatly reduced the need for hospitalzation
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have healed Chromc cases may need only smmobilization
for shore mtenals.

1f 1t 1s necessany to apphy a collar or brace for immobilza-
ton 1ts use should be continued until all sy mptoms have
subsided and then i should be gradually disconunued at
short intervals unul the panient learns to adjust his actvities
to his neck or his nech to his acuvities.

Some of the collars used by the author are shown 1n
Figures 78, 79 & 80 The degree of smmobslization needed
will determine the tvpe of collar to be used

Posture Correction

Correcnon of poor posture and of poor postural habits
15 of utmost mportantce n the treatment program, and all
correctine measures should be directed toward straighren-
mg the cervical spine. Drooping of the shoulders, which
causes 2 compensatory  hyperextension of the neck, can
usually be corrected by the use of some type shoulder
brace (Figure 81) The brace should be wom unnl the
patient becomes posture conscious and 1s able to hold the
shoulders up and back withour the aswistance or remmder
of any restrictive brace \When the correct position of the
shoulders s maintained the cervical spme s held 1n a more
normal relanonship and hyperextension of the necl 1s
obliterated. This position does not obstruct the so-called
cervicothoracic outlet

In some mstances shoulder braces will relieve the pan
assocuated with cervical nenve root irmtation and no other
treatment may be needed.

To avord hyperextension of the neck the following 1n-
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Immobilization

Immobilization of the cervical spme with some tvpe of
brace or collar 15 essential in the treatment of acute mjurres.
Collars or braces should be designed to hold the neck in the
optmum posiion for healing of the spramned or mnjured
ligamentous and capsular structures. This positton must be
with the neck straight and the chin  tuched ™ Braces

Ficeae 788 How to male a felt collar Cot two pleces of felt 211
lustrated, and one prece of four nch Stoclanet. Place the smaller plece
on the larger piece and pull both preces through the stockmet. The ends
of the stockinet can be secured by safety pmt when the collar u ap-
phed. a3 shown in Figure 784(B) This collar 15 adequate and grves suf

ficzent immobilzation for most sprem mjunes of the neck.

which hold the nech in hyperextension are completely
wrong 1n principle and should never be used for the treat
ment of spramn injuries (Figure 78(A)) Immobilzaton in
hy perextension causes further strecchmg of the antenor
longitudmal Ligamenr and allows the postenior ligamentous
structures to heal m a shortened position

In acute njunes mmobihation should be contnoed for
three wecks, or unal the spramed or fractured strucrures
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Friovre 80A  The Miller neck
brace which is an excellent sup-
port when ngid immobilanon

B indicated

Fictee 80B Front and side
views. The Yelln neck brace.
Thus brace 15 made in two pieces
and 1 adpustable It s of mun-
mum werght and affords adequate
immobilizatton for treatment of

cervical spruns,

BL
Fiooxe 79A Collars for mmobilzanon of the

cervical e. The fele
cnlh:cmmdw{mm)clmmulhounm(A) Co].lumq:;neof:pongt
rubber and covered with soft whire lesther which 1 reinforeed with o
pncccofluﬁlnn‘)efuﬂmwnln(B) The collar in (C) 15 2 molded
ltldx_rtd]uuhkhhm:delnrwopuu.mdtheoullum(D)u
made of celusne,
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be necessann but the most cssential corrective measure 1S
the derermination of the patient to help humself Braces and
supports for posture impros ement are only crutches They
should be used intelligently and disconnnued as soon as
possible

The Cervical Contour Pillow

In as much as many panents complamn of mereased pan
and discomfort at mighr the correction of poor sleeping
posture should be considered m all ynstances Many people
sleep on one or more pillows which causes prolonged
flexion of the neck and aggravation of pan Sleeping with-
out amy pillow aggravates the svmptoms. Some pauents
think they cannot sleep unless they are m the prone pos-
non. This keeps the nech rotated and laterally bent for
long penods.

The author by a process of trial and error, developed
the Cervical Contour Pilow (Figure 82) This pillow
eighteen mches long and esght inches in diameter It should
be stuffed with feathers and down, or with dacron \When
m use 1t should be flattened 1n the center so that the neck
rests on the proper amount of support for comfort. Thus
leaves a bulge on either side which prevents too much
rotation and lateral bending 1f the patent sleeps on hus
side the bulge at ether end gives adequate support to
assure comfort and to keep the neck straghe

Lateral radsographs of the cermcal spme made withour
amy pillow under the neck with 3 regular pillow beneath
the head and with the neck upon a Cervical Contour Pillow

tlfustrate well the advantage of this pillow (Figure 834,
83B & 83C)

The Cervical Contour Pillow has been one of the great-
est adjuncts m the treatment of cervical nerve root 1rnta-
non, and 1 many cases no other treatment 1s needed

Drugs
Drug therapy has its place, too 1n the treatment of these
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structions are essential 1 Squat, don t stoop 2 Use a step
ladder for dong work above eve level 3 Pur a cushion
n the car seat or rase the car seat for direct vimon above
the level of the steermg wheel. 4 Use reading glasses rather
than bifocal glasses 5 Sit straght and hold the neck
straght 6 Dont prop the chin on the hands. 7 Dont
slump 8 Lie down sideways and get up sideways.

A_Zi%x

Ihim I

Fwgose 81 Shoulder braces to correct round shoulders and, hence, to
straighten the cervical spme

To avoid prolonged flexion of the neck the following
mstruction should be given 1 Dont read mn bed 2 Sit
m straght back chairs wath arm rests 3 Use a reading
stand for prolonged readmg 4 Lower desk chairs or raise
desks. 5 Try to heep all worlk at or near eve level

Many ndividuals sit, stand and walk as if they were
fallmg apart, or as if they were too ared or too lazy to
maimtam any semblance of correct postural artirudes How
ever with persistence on the part of the doctor these poor
postural habits can be corrected Corrective exercises may
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Ixcvxe 83A Photograph and radiograph of a neck wath no pillow
benexth It Rowte the bool nmery degrees to see the poinon of the
cenacal vertebrae
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pamnful condinons. Any of the Mephenesin preparanions,
and other muscle relaxant drugs, are beneficral 1n many
cases. Phyatromine-H, which conssts of Physesugmne
Salicylate and 1-Hy oscyamune Hy drobromude s of great
benefit m treaung those panents who have marhed muoscle
spasm Injection of one cc mav be given before the panent

o ) IR

Fiauae 8° The Cervical Contour Pillow (Desnigned by the author for
correct sleepmg postore.)

starts fus heat and meermuttent tracton treatment. This has
elmmunated the necessiy for monocame or procaine injec
tions 1n many mnstances. A tranqulzing drug may be of
value to relieve muscle spasm and tension m many cases.
The usual analgesics and sedatives may be mdicated 1n some
cases for temporary relief of pam

The patent s general condition can be mproved in some
mstances by the ntelligent use of vrtamuns. Large doses of
vitamm B, may be of some value m those panents who



Frovze 83C. The mme neck wnth a Cervical Contour Pillow beneath
w In the haruzontal poston the neck appears to be in hyperexrension
Rotate the book nmety degrees to see that there 1 only 2 normal for
ward curve of the neck and no hyperextemadon. This fs the most com

foruble sleeping or supine posroon.
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Fuore 8JB The same neck wich sn ordinary pillow benesth k. Ro-
tate the book sgum to see the pomtion of the vertebrse.
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intermuttent traction should be gnen datly The collar can
be discontinued gradually By the end of three or four
weeks no further treatment should be necessaey

Pauents with acute symptoms who are scen immediately
after a nech-lash mjury should receive daily inrermmrtent
traction treatments preceeded by some type of hear. A
collar should be applied for immobilzation and worn con-
stantly for 2 penod of tvo to four weeks

The patients with sub-acute and chronic symptoms may
be treared with monocaine or procaine mjections, depend-
ing on the sevenn of the symptoms, followed by daily
mrermtrent traction treatments for one weeh or unnl all
the svmptoms have subsided completely Alany of these
cases benefit from some type of rmmobslzanon.

Patents who have severe shoulder pain with mitation
of glenohumeral moton of onlv 2 few days or weeks dura-
tion should have a Jocal anestheuc myected into the supra-
scapular muscles, followed by heat and ntermuttent trac-
tion. Not infrequently a complete range of shoulder mo-
tion can be restored following one njecton Other cases
require repeated mjections and supervised active exercises
before monion can be restored.

The frozen shoulder may require mampulation under 2
general anesthetic However conservans e measures should
be tried first because the post manipulation convalescence
requires a2 long pened of active treatment and because
dislocation of the shoulder somenmes occurs during or
after manupulations If mampulation s necessary  immobily
zanon of the shoulder with the arm in ninety degrees or
more of abduction should be mantaned for ten days Dur-
g this nme the brace may be removed daily for pendulum
exercises of the shoulder Ac the end of ten days, actne
exercises should be started and conunued unal full mobih
zanon is restored.

If a calcium deposit 15 present 1n one of the tendons of
the shoulder cuff 1t should be removed by aspiranion under
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have marhed hy pertrophic changes. In some instances hy
drocortone or Butazol:din may be indicated If osteoporotic
changes are present androgen and/or estrogen therapy may
be necessary If the symptoms m women are aggravared
dunng the premenstrual period due to hormonal imbalance,
treatment should be directed toward the correction of pre
menstrual tension and edema,

Hydrochlonic acid and calcium therapy by mouth may
be necessany  especally 1n pauents past fifty years of age.
Psychotherapy

In as much as mild concussions occur with nech lash m
juries some of these panents develop psychoneuronc
changes. Many patients seeking relicf have visited so many
doctors that they have been labeled neuroncs. Psycho-
therapy may be needed before satisfactory results are ob-
tained

Lmotional stress and strain aggravate the symptoms. In
many mstances a simple explanation of this fact wall give
the panent a better understanding of his symptoms and
may help to relieve the tension associated with emononal

upsets.
TREATMENT OF SPECIFIC GONDITIONS

Those patients who have severely acute symptoms with
apparent locking of the facets are best treated by the m
jection of a local anesthenie at the site of maximum tender-
ness over the postenor arnculzrion. Within a few seconds
the pamn will subside Gentle traction wath the hands should
be apphed then and the head passively turned m all direc
tons. The rebief of pan and the restoration of motion are
thus accomplished within a few moments Diathermy
should be given for twenty or thirty munutes to permut
further relaxanon Some tyvpe of immobilizaton should
then be applied and worn for at least ren to twenty days.
During this interval fifteen to twenty pounds of motorzed
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mtermittent tracuon should be ginen daily The collar can
be dscontinued gradually By the end of three or four
weeks no further treatment should be necessany

Paticnts with acute symptoms w ho are scen immediately
after a nech-lash njury should recene daily mtermittent
traction treatments prececded by some tvpe of heat A
collar should be applied for )mmobilizanon and worn con-
stantly for a period of two to four weehs

The patients with sub-acute and chronic symproms may
be treated with monocame or procamne mjections, depend-
g on the sevents of the svmptoms, followed by daly
mtermittent traction treatments for one week or unul all
the svmptoms have subsided completely Many of these
cases benefit from some tvpe of immobilzation

Panents who have severe shoulder pain with himitation
of glenohumeral motion of only a few davs or weeks dura-
non should have a Jocal anesthenic injected into the supra-
scapular muscles, followed by hear and intermittent trac-
aon Not infrequently a complete range of shoulder mo-
non can be restored following one injection Other cases
require repeated injections and supervised active exercrses
before moton can be restored

The frozen shoulder may require manipulation under a
general anesthetnc However conservative measures should
be tried first because the post marupulanon convalescence
requires 3 long penod of active treatment and because
dsslocation of the shoulder somenmes occurs duning or
after manspulations If manipulanion 18 necessary 1mmobil
zanon of the shoulder with the arm 1 minety degrees or
more of abduction should be maintamned for ten davs Dur-
mg this nme the brace may be removed daily for pendulum
exereises of the shoulder At the end of ten davs, acove
exeraises should be started and continued unal full mobik-
7ation s restored

If 2 calesum deposit 1s present n one of the tendons of
the shoulder cuff 1t should be removed by aspiration under
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a local anesthenc and the area wngated with sahine solution
unul all the deposit has been removed. Then twenty five
mibgrams of hyvdrocortone acetate should be mjected
through the same needle This g es dramauc relief of pan
and the patent usually has full painless monon withm two
or three davs, whereas two or three weeks were required
for mobilzation of the shoulder prior to the use of hydro-
cortone Further treatment should then be directed toward
the cervical spine.

Epicondy litis at the elbow associated with cervical nerve
root irntanon s best treated by njection of five cc of
local anesthenc at the site of maximum tenderness. Through
the same needie one half cc of hy drocortone acetate should
then be injected. The pan will be relieved 1mmediately
following this treatment However a few hours, later the
discomfort at the epicondyle may be severe for twelve to
twenty four hours Usually by the second morming after
the mjecnon the panent awakens completely free of pam
and with full restoration of functon

Fibrotic changes 1n the palmar fascia, resembling Dupuy
tren s contractares, can be relieved, if irreversable changes
have not occurred by blocking the stellate ganghon to
paralvze the vasoconsmctors and improve the blood sup-
ph

Those pauents who have headaches which are of cervi-
cal nerve root ongin wil mn many instances, obtan com
plete relief of head pamn followng one or two mrermittent
tracuon treatments Others may require the myection of a
local anesthenc at the level of C2 C3 and C4 or at the
point of maxumum tenderness over the occiput, which
the pomt where the man trunk of the posterzor ramus of
the second cervical nerve pierces the semspinals capius
and the trapezaus muscles to supply the scalp as the greater
occipital nerve

In rare mstances 1t may be necessary to resect a small
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portion of this nene to relieve persistent headaches This
should be done in those very few eases which obramn relief
from their headaches for onfy a few hours after the in-
Jection of the nerve with a local anesthetic The operanon
should be done under a local anesthema to facihtate the
exact localzanon of the nerve The panent can tell the
operator the exact instant the needle pierces the nerie. The
syringe should be removed from the needle then, leavmg
the needle in place. With another needle and sy ringe the
surrounding ussues should be infiltrated and the maesion
made at the site of the previously placed needle to expose
the nerve. The nenve can be resected casily after it has been
freed from the accompanying occipital artery

Blurnng of wvision and loss of balance can be relieved
with mtermutrent  traction usually  Several pauents who
have had uncontrolled AMeéméres disease have been com
pletely rehieved by the use of inrermittent tracnon. Some
cases mav require njections of a local anesthetic and 1m-
mobilzation of the neck before relief of symproms 1
obtaned.

Fractures of the odontoid process of an artcular process
and of the lamina should be treated by adequare mmobil
zation unul the fractures have healed Usually a brace
which 1s adjustable for some traction effect 15 most com-
fortable. After six to exght weeks the brace mav be re-
moved for short intervals and intermittent traction started
No more than ten pounds should be used dunng the first
two or three treatments. The amount of pull can then be
mereased very gradually over a peniod of two or three
weeks If at any ame tracnon causes pam it should be re-
duced in amount or discontinued entrely for a few days

Orverndmg spmous processes which are responsible for
limitanion of motion pain m the neck and wnmnon of
RErve roots jn some INstances may require removal for
relief of symproms O Donoghue reports good results fol-
lowing this procedure® Two of hs cases are shown n
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Frousr 8+ Radiographs of two cervical spines, (A) and (C) which
were made with the necls in hyperextension and wiuch show overriding
ufme,Pbomprmcnuofthe{ounh,ﬁ!:hmdnxﬂlmmhnr_Fﬂnu
(B) and (D) were made with the necls in hyperexrention a few weeks

following remaval of the spwons processes. (O'Donoghue s caser)
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Figure 84 One of the authors cases of overnding spinous
processes w huch was completely relieved by removal of the
fifth and sxth spinous processes 1s shown m Figure 85
Thss panent had had an operauon for 2 ruptured disc”
two vears previously, No ‘disc was found, and the patient
had continued to have the same pain in the upper rhomboid

Ficexr 85 Overndmg spinous processes of the fifth and sxth verre
brac. A partl facerecromy was donc in 1955 to relseve nerve root com-
presuon of the mxth nerve root on the nght ude. The patent was not
relieved of the pun in the posterior muscles of the night shoulder He
was trested by the author 10 1957 with motorized intermittent traction,
injectons of a local snesthetic and with a collar to hold hus neck 1n
sraight or shghdy flexed posmon, with good rewim. However when
treatment was stopped hs symproms returned Removal of the over

ridmg spinoas processes gave him complete relwef

area which he had had before the disc operaton The relief
which he recenved from removal of the oterriding spinous
processes Was most granfymg

In rare instances one may be tempted to recommend
surgical explorations for some of the recaleirant cases. It
s the authors opiuon that cervical laminectomies should
be reserved for those cases which show pesinve evidence
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Flauvze 86 Ah.t:nlnd.rognphoftp:dcnzwfwhndmcqiontory
operaoon at the third and fourth vertebrue, m 1950 This men hed had
diving injurics and falls on several occasions during the previous twenty
years. Prior to the surgery he had noticed tome mumbness of his hands
which occurred while he was mowmg a lewn. He had some difficoly
mﬂ:ﬁnemovummofhuhmd;,Ful]uwmgm:gerybeh.d-v:ry
wormy convakesence for some four or five months. In 1957 he could not
use his hands 23 well ms he did prior to the operadon, mnd ar dus tme
he has developed signs of cord compression due to the posteror sabluxs
tion of C3 on C+4 snd the memable increasing hypertrophuc changes.



Ficure 87 Laveral
of the cervical spme of a pstient
who had sn explontory opers-
non for a “ruptured disc” at the
fifth interspace. No “dic” was
found st operanon, but complete
laminectorues were done m
order to cut the demtare liga
ments. Thu patlent had had a
previous scalenotomy Her symp-
toms reman.
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Ficuze 68. Redrographs of the cervical spme of & patent who fist
had symptoms of cenreal nerve root irnanon in 1950, After o short six
days of traction falled to releve the pam in her right shoalder and arm,
the fifth, nxth sand seventh verrebrae were fused. Scvers! months lacer
following myelographic srodies, 2 ruptored dnc”™ was removed berween
the mxth and seventh verebrae on the nght side. Several moaths later
the upper pornon of the cenical spine was explored and screws were
wed scross the jomws for fixston. Eight months larer the screws were
removed and & cordotomy was done. In 1957 the patient still had jrrl-
rmon of the certical nerve roots, pluy & suff neck and complete loss of

sensation on the nght side!




1REATMLAI 171

Ficuae 89 Lateral mdiographs of a prent who hsd an exploratory
operation of the fourth lefe nerve root and a spmal fuslon of the third,
fourth, fifth and dxth vertebrae, three years previomly She had been
i = wuromabile secident seven years poor to surgery and had had
symptoos of nerve root writatlon for sx months., In 1957 her symptoms
of nerve root wriation are still present and she has the sdded burden

of 2 wiff neck.
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of cord compression from subarachnoid space occupying
lesions

Surgical procedures on the cervical spine are not too
difficult, but the aftermath may be devastatng to the
patient. Figures 86, 87, 88 and 89 are interesung examples
to contemplare Conservative treatment may be discourag
Ing 1n some cases, 2nd 1t 15 tme consuming N many cases.
However, if one can learn the art of conservatmsm, the
results wall be granfying

If one must operate on a patent for perssstent and re-
sistant nerve root wrritation, a simple facetotomy s the
procedure of choice (Figure 90) It 15 1n the intervertebral
canals that inration of the cervical nerve roots occurs. Re
moval of the posterior wall of the canal will enable explora
tion of the nerve root and will reheve the compressive
forces upon the nerve root by chminanon of the posteror
confining wall Adhesions about the nerve roor can be
freed, and even the spur formation at the margms of the
lateral interbody jomt can be removed if necessary

[’“ “Durd ]

7
A =

Nerve root seen htcuqh J

'

ia.cwt fanastration

Frouwe 90 Facet fenemration 10 relieve nerve root compresson. This
is the nmplest operttion for decomprenion of & cervical nerve root. A
liminectomy s not necemary unles there are indlcations of cord

compression.
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CONCLUSIONS

In conclusion 1t must be stressed agam that trearment
should be defimme and individualized Good resuls can
be obtamned by conservatn e measures but the problem of
permanent damage to the hgamentous and capsular struc-
tures of the joints, as well as to the inter ertebral discs, re-
mams.

It 15 smpossible to esumate the exact amount of residual
disabihiy,  but 1t can be stated with cerrainry that these
jomts will be ntolerant of unusual stress or stran They
will be subject to further damage on even shght provoca-
non. Panents should be taught the importance of proper
usage and protection of their necks to prevent recurrent
attachs of pamn and dmabilin The resuling disabilin will
be dependent upon the functional demands made upon the
cervical spme and upon the abiits of the pauent to ad-
just to and to tolerate the limutanons mmposed upon his
acuvites, Even with guarded usage degeneranve changes
are inevitable However, early recogmition and treatment of
spran 1injunies of the nech mayv mummuze or delav the late
degeneranye changes,

Surgery should be avoided unless there are absolute and
definite indications for st otherwise the results from opera
tne procedures will be dsappomnning and the symproms
may be worse than they were before surgery was done.
These cases are trearment cases which require tme, pa-
tence and understanding but the results wall be graufying

The surgeon who believes that his scalpel can cure the
ills of the cervical spme should take nme to Ine with his
panents before and after surgery I he does this, he would
be more caunous n the selection of panents for cervical
spine surgenn The most beaunful surgical technique may
fail 1f there 1s not the proper mdications for s execution.
The panent s future must be of prme concern.

The importance of cervical i estiganon 1 any pattent
with head neck, chest, shoulder and arm

pan cannot be
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over-emphaszed The usual diagnosis of arthrits, bursius,
neuritis, muscular rheumansm, fibrositis, fascnns, tendmits,
pseudo-angina, mugramne, etc. should not be made undl
cervical nerve root umtanon has been ruled out entirely, of
that 15 possible
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Erans, J A, 55 176
Eveld, upper 31 32, 84
mmsefe of 3132
twitching of 84
Lxamimanon, 87 89 137

form wed by the author illus-
tradon of 89

of mator vehicle scodent wic
tms smadequacy of 137

llw:mrehmnutm:,ym

Lxplorsrory operanon, latersl ra
diographs of 169 172

Exxensor

muscles
of the forearm, tendernens m, 91
weakness of 6

Lxteas of mechanical derangements
1 not mdlesting severy of
?;""P“’"ﬂ. DNustrenan of
S8
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Extriskm

lateral dnec 5O

of dnc matenal s« much lem
likels to occur posterolater
slly or postenorly in the
cervical arca, 48-50

of dise matetial through the lat
eral interbody  artculation
46

of the intervertebral dise anter
forly 100

F

Tscet fenestration to relieve nerve
root compression  jllestranon
of 173

Facetotomy 173

Facets, spar formanons about the

of 11§

Fasciius, 86, 175

Felr collar illustratdon of how to
make, 153

dorsal, 28
postganlionic, 30-32
Qlustranon of 31
ventral, 28
Fibrons, perineural 70
Fibrositss, 86, 175
Fibrotic changes, 90-91 165
in the palmar fascia, 163
Ficlding A F.9 176
Filum terminale externum, 33
Fingers, 55 83 94 132 133
hypersthesia of 94
numbness and ungling of 84
132 134

swelling and suffness of 55 84
Fhavon of vertcbrae adjacent to

narrowed dbscs, Wostration of
111

Foremen magnum, 33
Forsmina,
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Dlagnoss, 82 124
anteroposterior view of tremen
dous value us ad m, 115
differencisl, 125 135
case histores sreming import
ance of 131 134
of cervical nerve root irraton,

82
Duphragmstc hermua, 85
Diathermy 138 163
inducrotherm, 138
rmucrotherm, 138
Dietary habits, poor 136
Differences m tolerance, 136
Differential dugnosls, 125 13§
case hmrorkes stressing mmport
mce of 131 134
Difficuty m swallowing 85 132
134
Diladon of the pupdl, 55
Dilaror muascle of popil, 31 32
Discs
cerncal
annolos fibrosus of 14

nuclens palposos of 14

hard, §1
Inrervertebral, 1316, 22, 39 46,
61

fracture of 61
spur formations et the margms
of, 39
material, 46, 48-50, 120, 122

removsl of 120, 122
narrowed, 39 111, 124
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permested 120

rupcured 120-121 168, 170-171
dlostradon of 171
myelograph of 121

Duocse, \énires, 166
Drlocations, 12, 45-46, 66
forward of mfenor facets, 66
1

Draxck, 176

Drooping of shoulders, 67 155

Drugs, 138, 158-15%, 163
mocle relarsnt, 159
therapy with, 158-159 163
tranquilzing 159
use of 13§

Daral
covermg of the spinal cord, 33
34

shesth, 29-30, 52
of perve, 29-30
of $2
sleeves of the nerve roots, adhe
sons of 93
Dura mater gpinalis, 29 33-34
flustranen of 29
Duodenal uleer 130-131
Dupuytren s contractures, 165
Dyn;;)phy reflex sympathetic, 90-

E

Esr vesdbular porthon of 32
Edema, 163

Effect of

hesd poxure on the manometrics
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ocapnl, 119
of cervical nene root, 16§
persstent, 131 134 166
case hustory of 131 134
Head-on collon, injunes occur
red m, 60, 62
illesmnon of whup-lash acuon
m, 62
Heart, 31 9495
and lungx, checking of 94-95
Heasr, 85 138-139 159 164
a5 most frequenty wed treat
ment, 138
ulawonic, 139
e of 138-139
Hemuarthroses intervertebrales
TS
Hemorrhape, 40, 63 65 115
and swellmg imtation from, 65
mto the jolnes, 40, 115
wrthin the spramed cspsular
wnrucrares, 63
Hemb, diaphragmaric, 85
Hernnnon, posterolatersl, illusera
ton of 47

Hestory form used by the author
82

Hormonal mmbalenees, 73 136, 173
Horner s syndrome, 94
Hot mowst packs, 138
Homerus, degenersure changes
withm head of 122
Hvdrochlonc said therspy 163
Hydrocollaror 138
Hydrocortone, 163 16§
aceoare, 165
Hyoscyamme hydrobromede, 159
Hvperacthe reflexs, 16, 128
of biceps, 128
Hyperalgesis, 88, 125
Hyperextengon, 8% 20-22 3537
52, 60-63 6669 90, 92 9708,
170 129-132, 1334 IS 157 167
and hyperflexon, ilustranon of
90

cme hntory of 129 131
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compresuon test posiuve, 92
illustration of 67 68-69
rmmobilization in, 153 154
instructrons cwentlal to avoid,
155137
of neck, 70-72, 35 37 51 60-64
67 120, 132, 134
phase of whip-Jash, 60-61
pomt of gresrest stress and srain
in, Hlustravon of 21 22
postura) sthrodes csuumg il
tranon of 68-69
radtographs of cervicsl spmes
with, 167
vien radiograph of 97 98
Hypertonia, 126
Hypertrophue
and degeneranve changes, illos-
mgons of 2325 39 113
changes, me of x ray films to de
rermme, 39-40
spars, 3740, 69-70, 112 113 120
formanon of 112 113
margmnal 69 120
narrowing of the mrervertebral
canals by 70
posterolsteral interbody jolnts
13 favored sres of 70
Hypertroptued cxpaules, 5t
Hypesthem, 94 132
of fingers, 94
1

Imbalanee, hormonal, 163
Immobilzation, 90 138, 153 155
164

in hyperextension, 153 154

voluntary 90
Impingement of the synova! mem-
]mbnnc of the joint, 65 86
ility to flex or hypercarend the
necl, 84

Inadequacy of exsmunseron of mo-

tor vehicle accldent victms,
137
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of nene roots with-
52
mtervertebral, 26-28 112
Foramingl spum, 374
Forearm, pun in, 83
Formtlon of sdhestons, 63
Fracturex, 7 12 13 4045 61 65
66, 106-107 110, 115 118-119

128, 133 &6
and didocanons 65-66
of the postenior or apophyseal
jolars, 65
remion, 43 106, 110, 115
118, 133

ind axis which mey cause
nenve root comprmon
illustranon of 4§

wferfor facet of Mustratron
of 45

postenor arch of 45

superior facet of illustraion
of 45

body of 4th vertebrae illos-
traton of 106
facets of the adanto-ax] ar
ucalaton, 45
Inferjor facer, 45 65 110
llustranon of 110
mtervertebral dowcs, 61
lamma or posterior arch, 64, 107
166

of 2rd vertehrse {Thamason
of 102

lateral srncular rroc:nu. 119
hteral supenor facen, 45

odontold procews, 7 1213 66,
119 166
radsographs of 7

postenor f:ccr,ﬂ 115
fllpsrsnon of 44

unilatersl, 115
rib, 128
sproas pocesses, 108, 110
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supenior articalar facer, llowtos-
tion of 118
vertebral arch, 44 65 110415
Moxmason of 44 110
wnilgreral, 115
Fragmentunon of omcons wstue, 51
Frozen shoulder 122, 164
Funform enlsrgement of cervical
cord, 119

G

Gut, saggermg 134
Gangln, cernical, 30

blocl, stellete, 140
Gay 176
Gcn:ln trcnion, 163

‘Gray rami communicanres, 30
Griffith, 142
Groszman, 177

H

thlcy Lee, 13 80,176
alter ecnon, 151
Hmd controfled meermrttent wae
wvon, 133 147 150
flusradon of 149
Hard discs, 51
Head

posture
effect of on blocksge of the
cervicel subarechnold
spice, 120
efftct on the nunomernies of
the cerebral spinsl fimd in
cervicel Lesions, 120
tongs in skeletal tracpon, use of
151
weight of ss factor m whip-lash
fnjanes, 60-61
Headaches, 5 83 1191209 131
134 165 166
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Jomts, 1118, 2627 3, 40, 6+ 66,
70, 115
abaormal laxmess of 66
apophysed], 13 18
angle of incdmanon of dlus.
tranon of 13
atlaeo-axual, §-4, 11 12, 16, 26-27
45
excegmive movement fn 12
lareral, 11
mouon betwreen, §
relatroaship of 6
stlanto-ocapml, 4-5 15 16
aarilaginoms, 13
hemorrhage 1nto, 40, 115
lateral Intervetrebral, 15 18, 37
wmnd weerverrebral doe, Dus-
mpoa of 15
osteoarthine, 61
posterior cspaules of 17
posterolateral incerbody 70
spur formavons abour, 115

synovmal, 16
Judovich, 91 142 145 170
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Raplan, I F, 83 176

Replan, L 120 176

Rennedy F. 120 176

Reyes, D C, 176

hulowskd, Jacob 176

Runwz, Alber, 177

hyphoshy and scolions of the upper
dorsal verrebrae, case hisotry

L
Laenimation, excesdive, 84
Lamma

fracrures of 45 66, 166
Lemmectormes, 120, 129 168-169
Lareral

arncular porcrsses, frrcrures of
e

187

atlanto-axial jomts, 11

bending movements, 4 90
Wlasrraton of 90

disc extrustons, 50

cpricondyliths, 94

interbody articulamon extrusion

of drsc matesmal, 46

mterbody jont 315 173
wideung of 115
spur formapon st margmns of

173
Iotervertebral jonts, 17 18 37
50, 6 113
capsalar higaments of iliustrs-
don of 17
ostepphytes of 69
spur formatons sbour illus-
tratton of 113
thickening of capsular hge
ments of 50
radiographs, 99 104105 169-170
72

Davis series of 104-105
of child s neck with spram m
Jury of cervical spine, 99
of panents who had explorstory
operatons, 165-170, 172
rotation, illustration of 90
supertor facews fracture of 45
vertebral muscles, contrection
of o5
vieww, 95 112
whip-lssh sprains of capsular lig
aments, 61
x-r1y of cervical spine, 41
Lesions, 119 120, 122 12§ 126, 140
cervical, effect of head posure
on the manometnics of the
cerebral spine fluid In, 120
cord, 120, 140
compresing 120
of nerves, 126
of the brein, 125 176, 140
pan resulnng from, 125
of the cervical spinal cord 125

126
Pain caused by 125
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Indoctotherm disthermy 138
Intenor
facet,
dulocstions forward of 66
fracrures of 65
of stlss, illustranon of fracture
of 45
groove of the proximal root, 27
root, supenior groove of 77
Infecnons, 126
Inflammuanon, 34 70-78, 126
Inflammtory
condmons in posterior jomts, 70.
78

resctons of nerve roots, 34
Inpectons, 120, 122, 176127 129-

131 134 139-141 163 164 166
barbiturate, 141
local anesthetic, 126, 139-141 163
166
m stellate menner lostration
of 140
into myulgic area, 126
mto nerve, 166
monocaine, 130-131

procame, 170, 126-127 119 134
164

test with, 126
radto-opaque material mro cern
cal spinsl caml, danger of
j¥2)

Injurcs
scrobatic football, 65
oceurred in hend-oa collmon, 60
of the Intervertebral disc, 61
o the neck, 83 163
neck-lash, 163
Intermuttent tracoon, 78, 120 133
138 147 150, 159 164 166
blurnng of vitfon s releved by
166
hand coatrolled, 138, 147 150
illostradon of 149
loes of balence a3 relreved by

166
motonzed, 78, 138 142 147
fllostranon of 143 144 146
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Internal caroad artery 3137
[nm%ﬂwm lgamenn, teanng of
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Interverrehral
canals, 4045 70, 73 112, 173
bony encroachment of 73
mechamical derangement of

4045
narrowing of by hypertrophic
spury, 70, 112
disc, 9 13 15 16, 22 39 46, 61
69 70, 100
and lareral intervertebral pomrs,
llusrenon of 15
sotenar exrrumon of 100
degeneration of 22, 69-70
elsstieny of the nuclemes puk-

forsmuna, 16, 26-28, 35 36, 65 112
altersnons m, 3§
effect of sublaxsnons o, Tus-
traton of 36
Nlovravon of 16
narowing of 65
Intrameduollary neoplesm, 179
Irmtatdon

from hemorrhage and swellmg
a8

of cervical nerve roog, 66, 125
139 142
pun cxused by 125
ventral fibers of 66
reflex sympethetse, 125
Ischemba, 39 53 16, 138-139
1somotor $3

J
Jackimife posinon abdomnal dis-

tress In, 151
Jackson, Ruth 62, 89 92 134, 176



INDLX

Jomts, 11 18, 26-27 37 40, 64 66,
70, 11§
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apoph: 1318
lngl):?:" inclmadon of ules-
tranon of 13
sdanto-awal, 5-6, 11 12 16, 7677
5
cvoesuve movement in, 12
lateral, 11
motion berween, §
relationship of 6
atlanto-ocerphal, 4-5 15 16
cartilagmous, 13
bemorrhage into 40 115
lateral intervetrebral, 15 18, 37
and interverrebral die, Hlus-
tranon of 15
osteaarthme, 64
posterior capsules of 17
mrerbody 70
spur formations abour, 115
of iertebral bodws, illostra
tion of 3738

novual, 16
Judovich, 91 141 145 170
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Raplam, L., 120, 176
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Reyes, D C, 176

helowsle, Jacob 176
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Kvphosis and scolloss of the upper
d?ﬂ:l vertebrse, case hisotry
of 127

L
Lacnimation, excemive, 84
Lamina

fractures of 45 65, 166

l.nmlnccmmkx, 120, 129 168-169
Lateral

artculsr porcesses, fracrures of
119
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atlantv-axial jolnty, 11
bending movements, 4 90
llustranon of 90
doe extruvions, 50
cpicondy litks, 94
interbody armculation cxtrunon
of drc matenal, %6
mterbody joinr 115 173
widerung of 115
spur formation st margms of
173
intervertebral jonwm, 17 18 37
50 69 113
capsulac ligaments of llustra
won of 17
osteophytes of 69
spur formanons aboat, illos-
tredoa of 113
thickening of capsular liga
ments of §0
rsdiographs, 99 104-105 169 170,
172
Davs senes of 104-105
of child s neck with sprain m
jury of cervical spine, 99
of patients who had exploratory
operadoas, 169 170 172
rounon, flustration of 90
supertor facets fracture of 45
verrebral rmncles,  contrscnon
of 9§
views, 95 112
whip-lash sprains of capsular lig
aments, 61
x ray of cervical spine, 41
Lesbons, 119-120, 122 125 176, 140
cervical effect of head posmure
on the manometrics of the
cercbral spine flud in, 120
cord, 120, 140
compresung 120
of nerves, 126
of the bram, 125 126, 140
pain resutung from, 12§
of the cervical spmal coed, 12§
126

pim caosed by 125
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space occupymg 119-120, 122
126

within the spmal canal, 126
Levaror scapulae muscles, tender
ness m, 91

wmstabilicy 77 103 104

postenor soblumations a3 oc
curring in the absence of
103

radiogrupls of, 77 104

resulung from a spram of the
necl, subloxatrons due to,
redsographs of 104

aler 12
antersor longitudmal, 127 153

aprcal, 12

adento-eml, fllustranon of 17
cpsular 16-17

denticulated, illostraton of 49

of elbow mouon, 84
of glenohumeral moeron, 99, 12.,
164

of motoa of cervical spme from

muscle spasm, 22
Local anesthetics, 126, 134 138-141
163 164 166

illustration of injecton of in
suellare manner 140

sapected mro myalge ares, i
jecton of 126
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mjected into the suprascapnlar
mmuscles, 164

Localizstion, of the e of irrma

Locatlon and degree of imtstion
of cervical nenve root, 56-57

Long lssung snesthenc agents, 141

Loogus capitus muscles, 94

Longus colli moscle, 33

Lordotic curve loss of normal, 100

Loss of

balance, 45 84 131 132, 134 166
13 relwved by mtermittent

tractan, 166

rarmal lordotic curve, 100

Lower rhomboid, ares tendernes
m, 91

Lumber and cervical vertebree,
lustratson of medmn secooa of

Lymphold tissue in abaormal
amount in the thymus, persst
ence of, 134

M

Myeclograply, 1194122, 1°9
of ruptured duc, 121
Myocardnl degeneranon, acute,
134

Myalgic arces, 88, 126
mjection of local anestheite fnto,
126
Muoscles,
anterior scalenros, 145

longms colli, 33

of the shoulder girdle and arms,
of 85

of upper cyeld, 31 32

preveriehral and lteral verte-
bral, contracton of 95

rectm, 95

reloaant drugs for 159
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theamatien m, 175
scalene, 95 145
scalenos snticus, 33
sermspmales caprus, 165
of > 53 12§
141 159
Linueatron of motion of cervi-
cal spine from, 22
tracoon a3 wsed 1n relief of
141
suboccipmal 26
tupeascapalar 139

138-139

deposits in, Tlestraton of 122
Py
Myuser J H 177
Mobility of cervical spme 4-11
VMot packs, hot, 138
Monocame, 128 130-131 140, 159
164
\otioa between sdanto-axml
joinm, §
\lotorized mtermurtent traction, 78,
138, 142 147
illostratton of 143 144 146
Movtor vehile acerdent vicums m-
sdequacy of emmination of
ny

Aicrotherm drsthermy 138
Migrame 84, 175
Miller J E. 142
Miller neck brsce, illustrstion of
136
Messures wsed 1n trestment, 138-
147
Mechanical  derangements, 4045
57 58
extent of a5 not mdicating sever
ny of tympeoms, Mustranon
of §718
of mrervertebral canabs 4045
Mechansm of
cervcal nerve root initadon, 35
58
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reflex stimulation of the cervical
sympatheticy, 53 5§
\edmn section of cervical and
tombar vertebtae  lustration
of 14
Vembrane of the jont, mpinge
ment of synoval, 8
\lénitre s discase, 84 166
\eningeal branch of the spinal
nerve, 63
\fephenesin preparations, 159
Alalignancres, 126
Margmal hypentrophic spurs, 62
120 122
Vfargma of lateral interbedy jome,
formadon at, 173
\lassage, use of 135-139

N
Narrowing of the Intervertebral
camls

by hypertrophic spars, 70
Mustrston of 112
discs, 30 111 124
st vanous levels, illustration of
39 124
foramen, 44 6%
Mlustration of 44
Nauses, 85
Neck
brace
Miller fllusoation of 156
Yellm, ilustradon of 156
“enck” fn, 85
flexon, prolonged, 157
hvperextenson of 20-22, 35 37
52, 6064 67 120, 129-132
134 155 157
case histacy of 129-131
illustraton of 82
mtructions essentials to avold,
155 157

imbility to flex or hyperextend
#H

™Mo00n, normal range of fHov.
tratlon of 90
masches, spaste, 128
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sprain mjury of radwographs of
104
stiffness of 63
whiplash mpun o 60-6¢ 83
137 163
safers belt as valuckess m pre
venung 6}
seat belrs 23 ncreasing and -
tensifyimng, 137
with and withaur pillow phoro-
graphs and rsdiographs of
160-162
Neoplesm fntermedullany 179
Nerve
cardsiornotor 31
cervical, 28-30
dural sheath of 29-30
lewons of 126

comprermon of 35 3 45 12
63 112, 173
fscet fencstranon releving
illustravon of 173
dlestrstion of fractures of
atss and axn which mav
be causes of 45

dom, 112
dorsal snd vemral, illustraton
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fllusrranon of wafetry zone far
47

inflammatory resctions of 34

frrrations of 27 139 142
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N\ervous

Nuclews pulposes of cermeal die,

dremy, of 9
illestranon of 15
Numbues of the
fingers, 84 132, 134
tongue, 85
o
Oblrue views, 110, 112 115
showing cause far perusrent sab-
tuxsuon, (10
Otrtrrcnons | the vertebral ar
terxes, §3
Ocerpia! hetdaches, 119
sttudey, postunl, 67

O Donoghue, Arch F., 165, 177

Odontnd process, 6-8, 1113 64,
119 166

epiphyseal separatons of m chil-
dren, 13

fracrure-dislocxtions of 7 12 13
66, 119 165
n of ~

of atlas, 6

of axn, 12 13

rebanonstups of the litersl menes
to, 6-7

radwographs of 6

Oppeaheimer AL, 91 177

Qn-the-door trecton, illustrapon
of 150

Orbmal mmscle, reflex sitmulawon
of the sympathetrc nerve wap-
Py o, 83

Ommfnxﬂ'l:utlnwofﬂ

Osaficarion of the mferolareral
margm of the poserjor =t
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Osteo-arthrric jomnt, ligaments of
13 more susceptable to sprain,
&
Osteophivtes, 3,40 69
of lateral inten ertebral jomes, 69
Osteoporosss, blochemmeal  alters-
e sccompanying 73
Oseoporonic changes, 163
Overrdmyg spmous processey, illey-
tranon of 168
Overton, §7 177
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Pacls, hot molst, 138

Padgets disease scleroms of the
base of the skull, B0

amed by irtadon of cerncal
nerve roots, 125
camzd by leson within or sbout

191

views showmg cawme for
108 110
Pcterson, 177
Pharyny, 31
phs and radiographs of
neck with and without pillow
160-162
Phyatromime 1 159
Physostgmine salrcy lste, 159
Pilow cervical contour 138 158-
16
radiographs and photographs of
neck wath snd wathout, 160~
162
Plasnc collar {llustration of 152
Pleural effumon 127 128
Poor dretary habrms, 136
Poor postute, correction of 138
Pogwon and mobiliy of neck s
important factors 1 vulvera

the spimal cord, 125 bility to mjury 4
m the Posrave b compres-
arm, 83 man test, 92
chest, 83 Portgangliorc fibers, 30-32
wTnt, 83 130-131 Posteror
of psychogenic or psych 1 101
ongin, 12§ arch of the adas, 33 45
reflexly referred from somanc fracture of 45

resalung from lemons of che
bram, 125
tolerances, differences m, 136
Palmar fmcis, 91 165

fibrone ch-ngu In, 165
Palprtavom, 85
Panenn, clamficstion of 5667
Perincural fibross, 70
Perzzolo Joseph, 145
Permeated dicy, 120
Perustence of lvmphoid nwsue in

smount in the thy
mus, 134

Perwstent
hesdaches, 131 134 166
<xse history of 131 134
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articnlatons
absence of 26
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atlanto-occipreal
c:ldﬁcndon of radio-
graphs of 79
membrane, osuficsuon of the
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drdocavion, 12
facet
unilateral fracture of 44 115
fllustrenon of 44
foma of the cranmm, elessdon
of the floor of 79
Joims
inflammarory condmons m, 70-
78

unilateral subluxstion of 117
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ligaments, 35

illostranon of 17 49
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48
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mnon of spur formations
on, 37 38
or apophvical jownts, fracrures
and duslocstions of 65
lamma or arch, fracture of 66
sobluxation, 35 36, $4 61 103
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lustranon of 5+
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prered u3, 50
hermudon, Dlustrsnon of 47
mrerbody jomts
25 favored sres of hvpertro-
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degenersure clunges abour, 51
magng, 17
projections, 14-15 48
Postural and occupational sm-
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Posture correction, 155 158

of 11
Premenstreal rermoan, 163
Prevertebral and lateral vervebral
mmmscles, contracnan of 9§
Promary ramm, antenor 30
Procame, 10 12617 129 134
140, 145 159 163
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Psvchotherapy 138 163
Pupll, dilavon of 31 3., 55 94

R

Radcular pam, 63

Radrographs

md photographs of neck wrh
and without pillow 160-16.

demonstranon  relnjonships of
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3
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