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CERVICAL INJURIES: FREQUENCY, ETIOLOGY, AND SEVERITY

INTRODUCTION

A review of a portion of the literature (approxiﬁately
125 papers) on the subject of cervical injury has.been made.
The direct result of this is a table (appended) which iden-
tifies the types of injuries which occur to the cervical
structure. Distinction is not generally made between cases
resulting from automobile accidents and any other type of
accident. The table summarizes the findings and opinions of
the authors represented. As there was generally good agreement
among the authors on the frequency, etiology, and severity of
the various types of injuries, it is possible to capsulize
the contents of the table. That is done here. Also presented
is a subjective analysis -- based on the content of the papers --
of the relative importance of the different elements of the
neck as components of a structural model.

CERVICAL INJURIES: A SUMMARY

According to one author (10), approximately 17% of
auto-accident cervical injuries are fatal. Virtually all
of the deaths result from lesions of the spinal cord. Many
other types of injuries occur, involving discs, vertebrae,
ligaments, nerves, and muscles. Most of these injuries are
painful, and many severely disable the victim for months, but
only when they cause immediate or eventual trauma to the cord

do they threaten life.



Mortality in cases involving cervical cord injury is over
60%. Functional transection of the cord results in permanent
tetraplegia and is nearly always fatal, death occurring

within a few days. 1Incomplete lesions have an associated
mortality of over 30%, and paraplegia usually occurs when
death does not. Cord injury can result from hyperflexion
violence or hyperextension violence. If ligaments between
vertebrae rupture, then vertebralldislocation can occur, re-
sulting in a local narrowing of the spinal canal. The cord
may then be pinched, and the effects will be severe whether
a discontinuity of cord tissue occurs or only contusion and
edema. It is common for cord damage to occur in the absence
of roentgenographic evidence of vertebral fracture or disloca-
tion. The commonly accepted mechanism for this is pinching
between the discs (anterior to the sbinal canal) and the liga-
menta flava, which bulge inward in hyperextension. Another
common cause of cord damage is a bursting fracture of a verte-
bral body with backward displacement of the postero-inferior
margin of the body into the spinal canal.

Vertebral dislocation and ligamentous rupture are best
considered together. First, dislocations do not generally
occur unless ligaments have ruptured. 1In addition, where dis-
locations have not caused cord damage at the time of the acci-
dent, instability of the spinal column due to ligamentous
rupture still leaves the cord particularly vulnerable during
clinical management. Ligaments will heal, but only slowly

and never completely. It is generally agreed that ligaments



in the cervical structure can rupture as a result of either
hyperflexion or hyperextension, but that at least a small
component of rotation is necessary in addition. Anterior
dislocations and rupture of the ligamenta flava or the longi-
tudinal posterior ligaments are associated with hyperflexion
violence while posterior dislocations and rupture of the an-
terior longitudinal ligaments result from hyperextension
(with rotation).

Except for minor ligament strain and neurological ef-
fects, vertebral fracture is the most common cervical in-
jury. While it may occur unaccompanied by other injuries,
some sort of fracture is nearly always present if the violence
was severe enough to cause rupture of ligaments or discs.

By various mechanisms, any part of a vertebra may be fractured.

Compression fractures of a vertebral body (usually at

C5 or C6) are common. These are of two types, both of
which result from hyperflexion: a) "wedge" fracture,

in which the anterior portion of the body is crushed; and

b) "burst" fracture, in which the body is shattered. Wedge
fractures are usually not serious, but a very high incidence
of cord damage accompanies burst fractures. Fracture of the
laminae, facets, and pedicles are less common, and trans-
§erse and spinous process fracture or avulsion is least com-
mon, occurring.as perhaps 5% of cervical fractures. By level,
C5 and C6 have greatest involvement, accounting for perhaps
as much as 60% of cervical fractures. Atlas and axis
(including the odontoid process, or dens) involvement is
possibly in excess of 20%. Atlas/axis fractures are seldom
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severe since the cord is rarely damaged. Hyperextension
violence probably causes about 50% of cervical fractures,
with hyperflexion causing perhaps 40%.

Damage to intervertebral discs is not common. Incidence
in "whiplash" injury cases is reported to be less than 1%.
In general, ligament rupture will occur and the vertebral
body will bréak before the normal disc gives way. When it
occurs, however, disc rupture results from extreme hyper-
flexion. The involvement of the C6-C7 disc is very high,
70%, while the C5-C6 disc accounts for almost 25% of the rup-
tures. Neurologic symptoms often result in the neck and
shoulder.

Neurological effects other than cord lesion are seen
in about 50% of patients with cervical injuries. Nerve
root irritation and brachial and cervico-occipital neuralgia
are most common. The etiology for this type of injury is
not as clear as for others. Certainly, it occurs with all
types of violence to the cervical region. It may be charac-
terized in general as resulting from nerve root compression
of the cervical nerves from mechanical misalignments of
intervertebral canals, ligaments and fascia. Edema and
hemorrhage occurring with ligament and musculature damage
also have a role.

Muscle damage in the cervical region is seldom serious.
Neck muscles rarely rupture completely, although in severe
cases hemorrhagical infiltration may evidence rupture of

some muscle fibers. The muscles most commonly involved



are the éervical capital flexors and the trapezius.

Injuries to the head'and'neék, far more often than to
other parts of the body, induce mental disturbances, even
in mentally healthy, well-adjusted individuals. Differences
in terminology and diagnostic criteria make it difficult to
estimate a frequency of such psychiatric complications, but
it may be as high as 50 to 75 percent of all cases. In one
study, psychoneurotic tendencies were judged to be present
after one month in 20% of the céses. It is generally agreed
that emotional aspects of the cervical syndrome must be dealt
with for satisfactory récovery.

The appended table was compiled from 24 papers (and other
publications) on the subject of cervi;al injury selected from
125 which were reviewed. 1In the table, numbers in parentheses
indicate sample sizes if not underliﬁed. Reference numbers
for the list of references which accompanies the table are
underlined.

THE CERVICAL STRUCTURE: A SUBJECTIVE ANALYSIS

The most severe injuries involve lesions of the spinal
cord, but it is not a structural component and should not be
considered necessary in'any structural model of the neck.
Neck muscles, on the other hand, rarely experience traumatic
damage, but there is considerable evidence that they play a
significant rele in lessening the probability and severity of
injury to more vulnerable components of the neck structure.

The musculature must therefore be represented in any structural



model‘of the neck which is to be used in assessment of cer-
vical injury potential. The most serious cervical injuries
almost always involve rupture of ligaments. Their most
important function is in maintaining stability. The ligaments.
should therefore be considered of primary importance in the
structure even though ligamental damage in itself is not of
consequence. The intervertebral discs are the structural
components most resistant to injury. As deforming elements,
they are important in a structural model. The vertebrae

have a clear role in a structural model. With the interverte-
bral discs, they constitute the spinal column itself, and

they provide attachment points for both muscles and ligaments.
The vertebrae are the weakest part of  the structure; in ab-
sence of rotation, vertebral fracture will always occur before
failure of the ligaments.

Listed below are the specific muscles and ligaments
thought to be of primary importance as elements of a
structural model.

Muscles -- Levator scapulae, longissimus capitis, scalenus
anterior, scalenus medius, scalenus posterior, semispinalis
capitis, semispinalis cervicis, spinalis capitis, spinalis
cervicis, splenius capitis, splenius cervicis, sternocleido-
mastoideus, trapezius.

Ligaments --' Ligamenta alaria, 1. apicis dentis axis,
l.cruciforme atlantis, 1. flavum, 1. longitudinale anterius,

1. longitudinale posterius, 1. transversum atlantis.



ACKNOWLEDGMENTS

This work was supported by a National Institutes of

. Health Research Grant, Number 5R01-AM-16869.



10.

11.

12.

13.

14,

CERVICAL INJURIES
LIST OF REFERENCES
Bailey, R. W., Stover, C. N., and Metten, C., "Analysis

of Over Three Hundred Fractures and Dislocations of the
Cervical Spine." J. Bone Joint Surg. 45A:1550, 1963.

Barnes, R., "Cervical Spine Injuries." Manitoba Medical
Review, Vol. 47, No. 7, pp. 385-393, 1967.

Beatson, T. R., "Fractures and Dislocations of the Cer-
vical Spine." J. Bone Joint Surg. 45B:21-35, 1963.

Billig, H. E., "Head, Neck, Shoulder and Arm Syndrome
Following Cervical Injury." J. Int. Coll. Surg. 32:
287-297, 1959.

Burke, D. C., "Hyperextension Injuries of the Spine."
J. Bone Joint Surg. 53B: 3-12, 1971.

Cammack, K. V., "Whiplash Injuries to the Neck." Amer.
J. Surg. 93:663-666, 1957.

Cleveland, D., "Neurosurgical Management of Cervical Spine
Injuries." Clin. Orthop. 24:114-227, 1962.

Durbin, F. C., "Fracture-dislocations of the Cervical
Spine." J. Bone Joint Surg. 39B: 23-39, 1957.

Forsyth, H. F., "Extension Injuries of the Cervical
Spine." J. Bone Joint Surg. 46A:1792-1797, 1964.

Goff, C. W., Alden, J. 0. and Aldes, J. H., Traumatic
Cervical Syndrome and Whiplash. J. B. Lippincott Co.,
Philadelphia, Pennsylvania, 1964.

Halliday, D. R., Sullivan, C. R., Hollinshead, W. and
Bahn, R. C., "Torn Cervical Ligaments: Necropsy Examina-
tion of the Normal Cervical Region of the Spinal Column."
J. Trauma, 4:219-231, 1964.

Hawkins, G. W., "Flexion and Extension Injuries of the
Cervico-Capital Joints." Clin. Orthop. 24:22-32, 1962.

Holdsworth, F., "Fractures, Dislocations, and Fracture-
Dislocations of the Spine." J. Bone Joint Surg. 52:1534-
1551, December 1970.

Magoun, H. I., "Whiplash Injury: A Greater Lesion Complex."
Journal A.O0.A., Vol. 63, February 1964.




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Portnoy, H. D., McElhaney, J. H., Melvin, J. W., and
Croissant, P. D., "Mechanism of Cervical Spine Injury
in Auto Accidents." Proc.of 15th Con. of the Amer.
Assoc. for Auto. Med., SAE, New York, 1972.

Roaf, R. "A Study of the Mechanics of Spinal Injuries."
J. Bone Joint Surg. 42B:810-823, 1960.

Roaf, R. "Lateral Flexion Injuries of the Cervical
Spine." J. Bone Joint Surg. 45B:36-38, 1963.

Spurling, R. G., Lesions of the Cervical Intervertebral
Disc. C. C. Thomas, Springfield, Ill., 1956.

Taylor, A. R., "The Mechanism of Injury to the Spinal
Cord in the Neck Without Damage to the Vertebral Column."
J. Bone Joint Surg. 33B:543-547, 1951.

Taylor, R. G. and Gleave, J. R., "Injuries to the Cervical
Spine." Proc. Roy. Soc. Med. 55:1053-1058, 1962.

Wagner, R. F. and Abel, M. S., "Small-Element Lesions
of the Cervical Spine Due to Trauma." Clin. Orthop.
16:235-248, 1960.

Walker, A. E. "Coexistence of Head and Neck Involvement
in Impact Injuries." Chap. 15, Neckache and Backache,
C. C. Thomas, Springfield, I1l., 1970.

Wolfstone, L. L. et al. The Neck -- Courtroom Medicine
(Vol. 2). Matthew Bender Publ., New York, 1974.

Jackson, R. The Cervical Syndrome. C. C. Thomas,
Springfield, Ill., 1966.




APPENDIX

CERVICAL INJURY TABLE

10



(0T) (8491)

—
LAmfuT TeOTAISD -
PABY S3USDPTOO®
qne ut paanfut
pwosxad JOo ¥Q°9
(w2) eussta
3J0s 03 pauly i
-uo0d0 Lanlut
TeOTAI®D 3aAwY
s9sed JO %G/, (¢2) s3uspiooe
. aTTQowoane Uut
(0T) (H#TT)TB3E.S usaq 9AeY ST
aae sotanl -anlut uteads
~UT TeOoTIAIdD _ TeOTAISD U3Tm
2T2o1Tysaa-I030UW squatT3zed TT1e
ITe JO %4°°1 Jo %06 03 G/
(¢2) 1®3eJ auae (¢2)suotssTupe (TeI2uald)
satanlutr ¥Noau Teatdsoy satanlurT
TTe JO %I°1 I1e 3o %1 TeoTAdSD
J el vh ,TJ)_ \ 1 ..n).. rm
SINTHIOD S ATS XD OTOTTA KON ODANT R AL I AN :

ST ENT TTTOT T

+



(TD

*et3srdexed ut uorsuszxexsadLy UT WNABTJZ

ATNSSI pIOOd TeOTAISD 9yj (02) (22) jwnauswe3TT JOo JurTiong £q (8) satanlur UOTSaT
JOo ,uoTsaT 939Tdwmooul, | ¥2¢ A3 TTBIION| POSNBO PIOD JO UCTSNIUOD PIOO JO %2+ aj3stdwoour

‘et3oTdeasay jusaurwmaad
pue 338T7dwod UT sS3Tnsag
PIOO TEeOTAISD 3ayjg Jo
uoT3o8suea] [eUOTI3zOUNT,,

(o2)

*asxom ST stsouldoad pue
9FTIT JOo sxesal asjeT
9Y3 UT JUSWSATOAUT
PIOO Teutds JO 20uUap
-TOUT JI33BaJI3 ST aIayy

(2) sausuwlss
TeIsAds JIaAO0 peaads
us33J0 sT Lanlfut pIc)H

(8) sKkep

M3F ® UTUJTM
Butaanosoo
uzesp ‘Tejegy
sfemTe LTaeaN

(02) +0-¢0
9A00B SUOTSOT
OOT £31TeR3I0W

$(91) #0-¢0
MOT9Q SUOTSaT
‘%18 LA3TTEIION

(89)
%82 £3TTRIION

(%) uotzed0TSTP IO0TIP3sOd

Y3TIM uotrsusazxaxadLy

(£8oT10T3H
‘uotTseT e3oTdwOOUT 98FS)

(OT) syzesp Jo Jaqunu
1893e9J8 aYya pasned
UOT3EDOTSIP JOTIS3UY

(02)
(8¢) sotanlurt
PI0O 8yl JO 9%¢T
tuotrsuajzxaxasdLly
t(g8¢) setanlurt
pIOO 9yl JO 962
tUOTIXSTJIIodAH

(8) satanlut
PIOD JO ¢R¢G

(2) satanlurt
PIOd JO %04

(2) sotanlurt
TEeOTAIDD JO 9%OT

(T) satanlurt
[eOTAIDD JO %T&

(8)
swojadwAs Ted

-TdoToanau ugzTM
Fjuat3ed Jo ¢zo

(02) (¢6)

sSaanjoeay Y3Tm
Fquatied JO 90+

(OT) (T9T) suoT)
-eDJ0TS [P pue
sSaanj3oeJy yYaIm

" (2) satanluty
[BOTAJIDD JO o¢¢

uoT3o9sueray
TeuoT3oUNyg

12

pIO0) Teulds

|
|
squstaed Jo 92k | w
“
{
]

CEPRED SN

neN
s Ragbindiing:

SISONDOVT
/EITTHTATS

D

SINTIRNOO XOOTNITH

wx SUTMAPLNT TUVOTANYD ..



* %

CHRVICAL INJURILS **
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Gzl zxal
NJuxY Qirkn

sroClrll
I5JUrY LYeBE

FREQUENCY

EITTIOLOGY

SEVERITY/
FKOGNCSIS

CUMIENTS

€T

Inconplete
lesion
(continued)

In the absence of verte-
bral fracture or disloca-
tion, hyperflexion cannot
result in cord damage un-
less the articular pro-
cesses dislocate and lock,
In hyperextension the corg
is subject tec pinching
between the discs and the
ligamenta flava. (19)

In hyperextension, anter-
ior compression by disc

and posterior compression
by ligamentum flavum. (5)

In hyperextension, pinch-
ing of cord by infero-
posterior border of dislo-o
cating vertebral body and
sometimes inward bulging
of ligamentum flavum. (21)

Rotation~-caused subluxa-
tion with spontaneous
reduction may cause cord
lesion. (lo)

Hyperextension posterior
dislocation with spontan-
eous reduction (no roent-
genographic evidence) (9)

"Rurst" fracture of a
vertebral body often
results in cord damage.

(13)

A common result of burst
fractures and anterior
dislocaticns. (3)

Cord damage is usually
at C5 to C7. (19)

Fatal cord lesions
occur 1nostly in the
upper cervical region
but are less common
than lower cervical
cord lesions, which
produce paraplegia

or tetraplegia. (22)
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CERVICAL INJUKIES **

Usually occurs
only in fatal
cases. (22)

GZizZral sreCIell B e SEVERILY/ LAENTS
KJURY Girk | INJURY 1YrE FrEQUENCY ELICIOGY FKOGNCSIS COMAZNTS
1
i ! | A disc with a dehydrate
Discs ! ! nucleus pulposus is mud
' more susceptible to
| . damage. (16)
Rupturg of 0% incidence in Rotation and hyperflexion i Neurologic symptoms
annulug fibro- |50 cases of with bilateral disloca- : often result in neck
sus, hdrniation cervical of the articular facets 1 or shoulder, mest
of nucleus pul- injury (&) (2) ' commonly from defects
posus : at C6-C7. (10)
I.ess than 1% Hyperflexion (&) ! -
incidence in The vertebral body will
cages of cervi-+ » always break before the
cal injury (23) f normal disc gives way.
Ruptures by
level (500+):
C4-C5S 2%
— C5-Co 24%
-~ Co-C7 70%
C?7-T1 4%
@)
Displacement Anterior dis- |[May result from rupture of| May ultimatelj
rlacement is anterior oxr posterior cause disc
rare (23) longitudinal ligament (23)| degeneration, —
with reductim
' of neck flexi-
) bility (23)
Tears

May vary in severity
from a mild cleft to

a complete tearing of
the disc from its nor-
m&l moorings. (22)
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CERVICAL INJURILS **

LreClell

FRELUANCY

ETTOLOGY

SEVERITY/
FROGNCEIS

Gilvzaal
(NJdrY tirn
Fractures
l._l
()Y

Fractures by
level (152):

cL 9%
c2 9%
c3 o%
C4 12%
C5 34%
ce 26%

c7 5% (10)

30% at C5/C6
(335) (1)

Fractures
present in 5.5%
of cases with

(1907) (23

Fractures

present in 25%
bf cases with
cervical sprain

(24)

% deaths with
fracture at
site (50):
Cl/C2--24%
Atlas burst
fracture—--4%
Odontoid--8%
C3-C7--10%
C3-C7%7 fracture
dislocations
--4%  (22)

extension-tension
loading
extension-compression
loading
flexion -compression
loading (55) (15)

cervical sgraﬂl

Over-all
mortality rate
for fractures
and disloca-
tions: 4.2%
(335) (1)
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CBRVICAL INJURIES **

GELZRAL

INJURY TfFb

LELCIFIC
INJURY LYFE

FREGUENCY

ETTIOIOGY

SEVERITY/
FROGNOSIS

COMMENTS

LT

Axis and atlas

Odontoid
process

lo#» of cervical
fractures (1lol)
(10)

31% of cervical
injuries (55)
(12)

77% of cervical
fractures in
children undenq

ten (13) (1)

Hyperextension (5,10)

Atlas: hyperextension
with compression
Axis: hyperextension
with tension (15)

Shear force resulting
from direct impact of
face; bending moment

resulting from direct

impact of chin, causing
acute flexion at Cl/C2
and extension from C2 to

c? (15)

Hy erflexi?ﬁ)or hyper-

extension

Hyperflexion plus
compression (23)

Prognosis is

good,
rare

death

(10)

0% mortality
in 17 cases

(13)

Cord is rarely
damaged (10)

Pure atlantal injurie
are unlikely to damag
the spinal cord. (22;
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CERVICAL INJURIES **

I

GELERAL briCIr1C REGUENC E1TO SEVERILT/ JAEN
(NJUKY Wirh | INJURY 1YEE FREQUENCY BLIOIOGY FROGNOSIS COMIERTS
Neurologicall Radiculitis In 48% of cases| Compression from mechan-|Pain, sensory [The seccnd cervical
effects of cervical ical misalignment of changes, erve is particularly
injury (50)(6)| intervertebral canals, muscle atrophy[vulneraple. (24)
ligaments, and fascia and spasm, al- .
Neurological (hyperflexion or hyper- |teration of Arm and shoulder symp--
aonormalities extension) (4) tendon re- toms indicative of
in 12.7% of flexes (24) lower cervical lesions.
cases of cerv-| Caused by edems and hem- - (21)
ical sprain orrhage occurring with -
(1907) (23) ligament and musculature Blurring of vision is
T damage (&) | possible. (12)
Rotation and hyperflexion
with unilateral disloca- )
tion of the articular
facets (2) g
o Nerve root Hyperflexion (4)
= avulsion
Brachial plexus Lateral flexion (17)
lesion
Mental Fsychiatric Psychoneurotic ‘ten-
(emotional) disabilities dencies lasted one
disturbances in 50 to 75% month or longer in

of_all cases
(23)

20%. (©)

Emotional aspects of
proolem must pbe dealt
with for satisfactory
recovery. (14)




