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ABSTRACT :

The aim of the experimental siudy was to assess stabilzatlan of the spinal column provided by posterior fixa-
tion using Iriple wire fn total ciscofigamentous injury of the cervical vartebrae. To achisve this, functional Cy-Cs
spinal units taken frem & menth old sacrificed calves weighing 100 kgs ware usad. The amount of force which
caused & unif oi: under fexion, and axial loads was separately calculated in the conirol group
of intact subjects, in the lesion group of unstable subjects and in the treatrnent group of subjects wncse postarior
fixation was carried cul pesl creation of an instability, The in-vitro slability provided by postarior fixatian as a tech-

nigue of internal sizblization was discussed with respect io the statistical sipnificance of the data.
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INTRODUCTION

There are few disorders or types of rauma which
are more diswressing and threatening o life and the
quality of life than cervical injury. The cervical region
of the spinal cord is the site most frequently exposed
to trauma, with an incidence highest in the younger
age brackeis {4). Though our [irst knowledge on this
subject goes hack 5000 yeass, spm] surgery was first

i with oom-
prtsmg the medulla by James in | 745, and by Helsier
in 1768, Using posterior cerclage wire fusion, the first
intervention which provided spinal stability and which
prevented progressive kyphosis was carried oot by
Hadra in 1891, Rogers established modem principles
and techniques of subaxial posterior fusion in 1942,
Robinson and Southwick performesd posterior facet fu-
sien in 1960, Roy Camille instituted the posterior plate
fusion in 1972, whereas Callaban reported the solid
fusion by segmenter instrumentation in 1977, Daab-
Plate and Halifax designed the interlaminar clamp in
1984, Dohlman defined ihe wiple wire weehnigoe in
1985, and Ulrich and Mayer designed the hook-plai:
in 1987. Different methods of intemal stabilization,
pusterior andior anterior procedures of stabilization,
have been employed for the treaiment of unstable
functional wnits of the cervical spine. The present
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study was designed 10 evaluate the adequacy of tripke
‘wire technique in providing stability in cases of disco-
ligamentous injury of cervical vertebre.

MATERIAL AND METHOD

Fifteen spine specimens (Cy-C;) obuined from 6
moath okl calves weighing 100 kg, having been de-
wehed from the muscles were wrapped in plastic bags
and freeze stored a1 -20 degree °C. On the day of tesi-
ing, the specimens were thawed and the Cy ¢ funciion-
al spinal unit (FSU) was separaied from the specimen,
‘The FSU were fixed in the frame with screws and the
measurement were done by HBM-mk static bridge.
‘The force was applied to the gravity center of the
veriebrae ot an accelerated rate of 30 newion per sec
ond for the axial loading. Unloading ot the sum total
of 300 N, the displacements measured over the meas-
wrement. Repeating this procedure 5 times for cach
subject, the last measurement was laken inlo consider-
ation. The same procedures, either from 2 cm lateral
of the gravity center of the venichra in lteral bending
loads or from 2 em behind the gravity center of the
veriehm in extension loads, were repeaied. The force
aitained in the Last lood which coused a1 cm displace-
ment in the mensurement bowsiring was rated as epsi-
Ton, In flexion iesting, the same procedures were re-
peated by placing the force application pen 2 em in
Tront of the venebea's center of gravity, afier the meas-
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urcment bowstring was placed on the spinous proces-
s0s. It was detecied tha the Cy.5 spinal unil remained
within the limits of elastic deformation following the
unloading done afier each enforcement. The displice-
ments were eapressed in millimeters, and the force
was defined in Newton. In the subjects of the lesion
goup, severing the supraspinces ligament, the inter-

spinous lignment, ligamentum flavum, capsular liga-
ment annulus [ibrosus, PLL {posterior longitudinal lig-
ament) and ALL (ancrior longiteding ligament), the
spinal unit was mixde unstable and then the other pro-
cedures defined previously were applicd. The wremu-
ment group consisted of 5 unstable subjects whose Cog
posterior fixation was mainwained using 1.2 mm stain-
less stee] wires according o Bohlman's triple wire
technigue. The same procedure for the conwrol and le-
sion groups was repealed and the fusion was checked
by direct radiographs. For cach subject, the specimens
were kept wet using 0.9% NaCl during the procedures
‘which did not last more than six bours.

RESULTS

The resulis of the experiment were evaluaied in the
contral, lesion and eatment groups the ANOVA
methiod using SPSS/PC+ sofiware, The limit of statis-
tical significance was accepted as p<0.05. When the
control group was compared (o the lesion group, the
displacement was found 10 be 2.01 mm in the control
group and 2.56 mm in the lesion group. This did not
show any statistical significance with F=1.916 and
P<l.204 in the case of axial loading. In the case of lat-
eral bending in the lesion group, the results were ex-
cluded from the evalnation because the system showed
an extensive displacement afler a 100 N loading, there-
fore loading of up w 300 N was not atempted, The
force, capable of creating a 1 cm displacement in flex-
ion was 607.67 N in the control group, 70 N in the le-
sion group and this was found 1o be very significant
with F = 52438 and p<0.001. In extension, these val-
ues were 470,30 N in the control group, 51.50 N in the

F = 40.267 and p<0.0001. In the extension measure-
ments, these values were 51.50 N in the lesion group,
562 N in the treatment group and this was found sig-
nificant (p = 0.003), The comparison between the con-
trol group and the treatment group is summarized in
Figure 1. In flexion loading, the force which coused 1
em displacement was 607.67 N in the control group,
while it was 1883.5 N in the treatment group; it was
found 1o be significant as p = 0.003. In viro subility
mrovided by posterior Mxation was sipnificantly stron-
ger in the intact subjects which formed the control
group in flexion loading (Figure 1), The force which
caused 1 cm displacement in exiension loading was
470.3 N in the control group, and 562 N in the wear-
ment group (p = 0.536). The statistical insignificance
showed that posterior fixation provided a resistinee
cquivalent 1o intact subjects under extension loading

(Figure 2). In axial loading, the displacement caused
hy 300 N was 2.01 mm in the conwrol group, and 1.51
mm in the reament group, the diffcrence was insig-
mificant (P = 0.511), This was imerpreted & posierior
Tixation reached the intact stabality value (Figure 3),

DISCUSSION

Cervical spinal instability, when not reated, causes
a progressive neurological deficit wyether with kypho-
sis, Another complication which occurs is pseudoar.
thresis, The fusion of unstable cervical venebra in or-
der w provent these complications as well as internal
siabitizaton techniques such as anterior andior posteri-
or fixation are employed for tis reason. Biomechani-
cal testing is necessary to evaluate the activity of the
instruments wiilized in these treatment techniques (1),
Sutterlin and his colleagues first used calf veriebras
for the cervical biomechanics researches, (15) as the
structural and spinal osieclipamenious parts of call
vertebrag have been found suitable for biomechanical
testing (13). Coe et al reponed the advantages and dis-
advantages of call and human cervical specimens in
uwluu buonmhmlnl le.s:tns and the consisteocy of

lesion group and these were very signifi wilh
pe0.0001. When he lesion group was compared with
the treaument group in the axial loading, the Jipkice-
meni value which was 2,36 mm in the lesion group,
and which was 1.51 mm in the weatment group was
found 10 be insignificant with F = 3,083 and p>0.05.
One cm displacement in fexion was provided by TON
in the lesion group, while it was 1883.5 N in the treai-
ment group and this showed a greal significance with

§ tests in these subjects (3).
Therefore fresh '_vmmg calf venshrae were used in our
sudy; specimens were wrapped in plastic bags © be
kept at =20 degree °C 50 that the biomechanical fea-
tunes of the ligaments and bone structures did not un-
dergo any deteriorution (12),

According 10 Allen et al the most widespread type
of corvical injury has been (2) third degree destructive
Mexion or bilaeral facet dislocation and in each three
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columns, instability has been present. We maintained

facet flavum,
PLL, annulus fbrosus and ALL. There are contover-

sial opinions in the selection of anerior, posierior of
combined interventions in the case of such injuris.
Ulrich et al (16) created Jiscoligamentous injury in the
Cs FSU of the human cadaver, and showsd that anteri-
o fixation is effective in the weaiment of it, while pos-
terior fixation is swonger than anterior fixation in
thase cases. Coe (3), stodied anterior and posterior fix-
ation techniques in subjects who have three column in-
stability and although there was no si differ-

SPECIMEN

TREATMENT

Comparison of groaps under Mexkon forces

may be ineffective because it is [ar from the instania-
neows axis of rotaton during fexion, Smith in his
study, showed that anterior fexion provided stability
i Mexlon in his subjects, but that this amount of sta-
bility was less than that provided in the control group
{14). Similar results were supponed by Cosper and
Goel (8). For all these reasons, some researches put
forward the idea that combined (anterior-postenor x-
ation) inlervention may provide stability in oial dis-
colignmenious injuries. Coe and his colleagues (3, 17)
ispliyed that antesior and posierior combined fixation
has been the most efficient way of subilizadon n the

ence as regasds stabilily in Dexion and torsion between
all groups, te sirewh awmined from e posterior in
axial loading and in Nexion wene grester than tiar was
alained in the group o which anerior fxation was
applicd, and as a result of these Gndings, ey con-
cluded posterior fixation techniques vielded betier re-
sulis. It is the commaonly held opinion that in the cases
of total discoligamentous injuries, amterior fixation

of injuries (11}, However,
there awe no defenders of this view because of the dif-
feulties in this kind of approach. As was shown exeri-
meneally by White and confirmed by Stffer, if the
lesion was in the posterion, fusion should be done pos-
terinely. If fusion was done at the intact side, ligamen-
s injury which might cause verichral collapse was
due to the surgery in the intact side (5). Weidner, re-
viewed the indications and contraindications of cervi-
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cal spinal stabilization, and reporied it the stahiliza-
tion should be performed posteriorly if the instability
is localized posteriorly (18). Glasser et al (7) reponicd
that interspinous wiring and bone fusion provided sul-
ficient stabilization in patients of traumatic posierior
ligamentous injurics and stressed the efficacy of the
interspinous wiring method as well as its technical
ease, although they were not utilized in fractured spi-
nous processes or laminac, Jeanncret and Magerl (9)
demonstrated that posterior fixation was more rigid
than anerior plating in all flexion 1ests. Optimal thera-
peutic approaches of cervical trauma with ligamentous
injury necessitaed sorgical stbilization. Posterior fix-
ation and fusion maintained the best swhilization foe
cervical wmuma with subaxial ligamentous injury by
foeming the 1ension band beiween the alfecied verie-

groups under extersion forces

brac. Geisler (6) and eolleagues concluded that the use
of wires created the primary stabilization required. and
allowed for an earlier mobilization of the pat
while awziting the proper fusion of the bony material
{104, In summary, in reviewing all flexion type cervi-
il tmumas, that is to say, discoligamentous injurics,
potential risks of spinal instability and surgical weat-
ment resulted in two questions, the first was reloted 1o
the type of surgical intervention and the sscond was
rekited 1o the method of inlermal stabilization utilized.
In order o preserve the stability in the intact anerior
portion of the venebral column, posterior approach be-
came the preferred surgical intervention (o establish
sthility, In this context while posterior fixalion was an
ensy answer in the case of posterior discoligamentous
injurics, it was not so casy to uilize this approach for
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injurics. C e
d\i‘l‘luulues of combined surgical inerventions, posteri-
or fixation was found to be the most suitable technigue
for sufficient resistance against flexion losding in all
studies and it wnsalm I'oundw'b:meﬂ':r.mr than
anterior al ‘s triple
secondary 1o Whe ease of ap[mcauon and acquisition s
well as the absence of ANEWETS

Comparieon of grous ander axion forces

values of those in the contrad group. In fact, the force
which produced 1 em displacement in flexion loading
in the control group was 607.67 N while it was 1883.5
N in the group where nomno: I'unuon was ulilized.
The Wi y (p = 0.03).
The resistance of the subjects whose stability was pro-
wvided using posterior fixation, was stronger than the
onc.\ demonstrated using intact cervical specimens.

the second guestion.

At the beginning of this study, calcukuions were
carried oot w determing te amount of force wlmh
caused a unit di under flexion,
and axial loading, in the subjects of the conwol group.
Then, the resistance of the intact subjects demonstei-
ed against the various directional forces applied, com-
posed the numerical data of stability. By comparing
the resistance shown under force application in the
subjects of leslon with the one shown by the control
2roup, it was detected that the lesion induced in this
group caused instability which was statistically signifi-
cant. The treaunent group was composed of subjeves
which were first made unstable using an iatrogenic e
sion, which was then repaired with posterior fixation.
The measure of adequate subility provided by posteri-
or fixatdon was shown w be equal to and surpassed the

for the control group in extension was
470.3 N, and 562 N in the group in which posterior
fix 1 utilized. There was no statistically signifi-
nce. This demonstrated that posicrior fixa-
ton, wilized in the core of 1ol discoligamentous inju-
ries, provided a stronger stability in Oexion. While it
was detected that there was 2.01 mm displacement in
the contral group for the axial koading of 300 N. this
dropped 10 1.51 mm in the treatment group. The suatis-
ticully mn;mrmm difference {p 0.511) showed the

af The wis found
w be 5.71 mm in the control group, and 9.77 mm in
the posterior fixation gronp under 2 lateral flexion
loading of 300 N. The sttistically insignificant differ-
ence (p = 0.222) demonstrated thal a resistance ap-
proximately equivalent 1o intact venehraz was provid-
ed.

canl
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CONCLUSION 7. Clusser R.S., Fessber R.G: Posierior cervical spine fixa-
The data of this study concurred with the data tivn. Cuntaxyporary Neorosurgery 15: 1-8, 1992,

found in the liermture. When all values were consid- 8. Goel VK, Clark CR, Haris KG. Schalic KR: Kinemat-

ered, the results of subjects 1o which fixation was ap- s of the cervical spine: Effects of multiple wial lami-

plied produeed beuer results than the resulis of the ety and facel wiring, J. Orthop Res. & 611-619,

control group in Mexion. Thus & mors resistant stabili- 1.

1y was attained than that which the intact verichrae O kanﬂa'a_lll. Magerl F, Ward EH.. Ward J. Ch; Posteri-

had aained in fexion loading. Equivalent valucs o or atzhiltzaficn of the. ccrvical apie with ook s,

the control group were attained in the other loading. e dpg

The suady which dctermined that posicrior fixation isa 10 Kaufmas 11 Jooes E: Tue principles of bony fusioe.

way of inlernal stabilization and provides necessary Hampamatny Mt

stabilization in adequate levels, in current clinical 1 Lemosn VOR, Wagner FC: Siabilization of subaxial

‘Ppraciics, also confinmed the seliability of the ublized worvical spinal injuries. Surge Newral 11-18, 1993,
Ami The 3 of the P the (-5 Ifuljwi MM, Krag M. Summers DJ; Biomeckanical

low surgical risks and the supericrity of its advantag- ::‘;";m' °&"§,:?;:‘;,::"“ i oo

es, present posieior fixation as @ convenieni way of | oo M:M‘ R i Tha =

treatment in iotal discoligamentous injuries of the cer-
wical region,
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