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Introduction~¥Injuries produced by compression or tension loads de-

livered either axially or in association with flexion or extension represent
the majority of spinal injuries observed in most centers. The spinal cord
routinely is injured by ligament failure, or dislocation, with attendant im-
pact to the spinal cordwithbone or disk. While a rich literature exists de-
tailing the retrospective evaluation and injury force vectors associated with

1,2,3

spinal injury, few quantitative studies are available. The costs of

medical treatment for all spinal cord injury is estimi@ted to be in excess of

380 million dollars per yvear. There are approximatély 10,000 new cases of
acute srinal cord injury each year in the United tates.4 The National Elec-
tronics Injury Survey System (NEISS) indicatea/there are 3,000 new cases of
spinal injury duve to falls, 3,000 attributed/to vehicular accidents, and
4,000 due to cther causes each year.

The teaching institutions of the Meiical Collece of Wisconsin inclu<in
4

Ko

Milwaukes County Medical Complex and Froedtert Memorizl Lutheran Hosnital

o]
Lo
(17

the primary trauma centers Zor Southeastern Wisconsin. They provide care

ry
(o]
183

over 350 patients with head injuries annuall:, Between 1975 and 1930 152
cervical spine injury patients and 105 patients with thoracolumbar trauma
were treated. Approximately 50% of the patlerts recresented by
these statistics ware motor vehicle related. 6

Vrhis presentation will provicde a review of typical clinical findings ob-
sarved in our institution with a comgparison of studizs conducted on 50 unem-
balmed human male cadaver spacimens stuldied with forces apoplied in compreos-
sion and transverse to the z2rvical or thoracolurbar columns. Brioaflv all

szecimens were dztermined %o be wizhin normal limits zv melical historv anid
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/ »-ray examinaticns conducted prior to ths test. 21

1
following each teszz. Szinal injury wvas Gsterrmined ko caref:l qress dig-

\
section ané confirmation oy clinical staff members. %
Isclated cervical and thoracolumiar spinal columns were studied. Sup- ¥
porting tissuss were cerefully removed to avoid damagce to the licaments. é
Studies conducted in the intact cadaver were done in rreparaticns vhare the 5
tissues were kept at 2° C. until studied within 1-3 days following death. 1
The lcads were anplied to the human s2inal cclumns with a Series 210 Mater- ﬁ
ials T2st Systam cr 2 sreci lly designed TS Servo Cor:trol Test Device with a
25 cm piston stroxe capable of moving under orograrmed control at rates up o E

12 mezters per second. Compression studies with the cervical column zligned
axially, or in 30 decrees of flexion or 30 degrees of extension showedé a mean

failure load In axial compression of approximately €,000 Newtons (N) with a

mean irput enercgy of ‘137 joules (J). Flexicn failure occured with an average

of 2000 N and a mean energy of 68 J, and extension failure with a m2an of

-~

200 N with an averace enexgy of ©9 J.

i et
T

Studies with preflexed isolated thoracolumbar and cervical through lum-
bar secgments of the human cafaver with vertical loading demonstrated that the
isolated thoracolumbar spines failed with compression lcads from approximate-

ly B30 to 5109 N. Two specimens, which included the cerviczl spine, failed

-

between 550 and 800 N. With vertical forces applied to the upper thoracic

region of intact seated cadavers, thoracolumbar fractures were observed with

;

.
A

forces of 1550 to 2800 N. The forces for fracture were a function of the de-
gree of initial flexion and the length of the spines. all fractures occurred
at the low thoracolumbar areas. Kowever, upper thoracic injuries were ob-

served when the cervical elements were included. A free body dizgram of the

BN » JPITITIESTN

a relevant forces and distances for externally applieé fcrce to the intact ca- ::
EL Gaver is civen (Fig. 1). For 445 X zpplied fo the thorazcocerwvical junction ﬂ
;5 and tyrical aratomical cata, the force cn the licaments (FL) is agrreximately ;
;! 2000 N, and the force cn tha vertebral Dody (FV) is azrzroximately 2900 N. -
- Discussicn--Studies on the cervical cclumn indicate that rore force is ’
E" reguired o produce boay or licamentous damace in the cervical celumn when

a ‘ the specimens failed with an ax»ial comnression in cenirast to flexicn or ex- l
& terneicn failures. Amxial and flexicn fzilures invelved vertebral bsdy com- ;
:i vrescion or fracture wich attendarnt licament Zfailure. Ixternsieon fzilures o
5 L
%} reatinely invelve s failure ¢l the anterior licarmsant comzlex, and some with ﬁ
- -
? ™
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t": avulsicn of the vertebral body., Studies of the thoracolumbar sactions indi-
cate that the preflexed column or preflexad seated cadavzys sustain lowe .
" thoracolumbar vertebral fractures which are attenlant with pdsterior ligarmen- :
y
b’ tous disruption. It is important to note thazt in the livinzg subject, signi-

- ficant rmuscle force can be exerted to prctect the posterior ligamentis if mus-

cles are pretensioned cor have suificient time to allow for reflex resconse. .

= Studies conducted with single thoracolurbar vertekral bodles in compressicn

dore in our l boratory ‘were within the failure rangz given by Xazarian and
. . .8
Lin and Liu.
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2 Figure 1 : Scheiratic 1llustration of relevant forces and distances for ;
SO externally applied force (Fp) to prcduce thoracolumbar injury, Fy, 2
T = force in posterior ligaments, Fy = wveight of upper body acting g{
; at ceater of gravity, Fy = force on vertebral body, Ly, Ly, La T3
- are corresponding distances from point of rotation about -
- vertedral body to line of action of forcewhere F = 45 kg, . = )
: Scm, L, = 7.5 ¢m, L, = 15 cm. ) “ 2
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