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"\v'55 prdbw ms whbp’ ; \\'llnically To help av01d these problem51 methods ~

A\

“of 1n-v1trowewa uatlon are necessary . S N

* :..‘_-

™~

doubt efl,’s s (] the usefulhess of such tests._ As a result _some
e modern.instruméPtat on systems*have not been subgected to w1de spread

[ G RN

NS

él evaluatlon pﬁldr to ﬁ'v“’

These problems are addressed

T in thls thesrs. R
\\‘\"\ .

- new system was de51gned wﬁﬁgh excludes many of. the variables which

I have been: so_proﬁlem?tlc 1n the past Thls systbm includes a

\ vertebral fracture model, an end,cap whlch holds the vertebra and

8 - ‘

allows accurate appllcatron of lqads, and a transducer systbm whrch )

\

allows lacal motlon at the fracture 51te to be accuratsﬁy determlned

o in all six degrees of freedom. \ Et?'

W ‘“ .

—_— SN

uﬁ‘\ P ﬁ‘ o '“ Lo v

Usrng thls system,.a comparlson of four pedlcle screw flxatlon dev1ces
. Ao g

:’J was performed.‘ The ba51s of comparlson was the amount of motlon
. N

permitted at the fracture site by_each device with the application of ..

similar loads. . The four systems,tested'were: Steffee,'A.O. fixateur

&,

C e e

o



comblﬂatlon of tor51on and flex1on, and a fourth test u51ng a hlgher‘

'fracture 51te durlng both torsron and" flex1on loadlng, but the screw

.-spinal fixation dev1ces.

zg.-

.lv "-.,

t1nterne Roy-Camllle, and Cotrel Dubousset Each of the four devices f

was tested us1ng a forward flexion mode, a tor51ona1 test a ‘_if'

forward flex1on load All loads were w1th1n‘;he estlmated‘human ,.fff[

A
A

-phy51ologlcal range. Four repetltlve tests were: performed on each

»

'splne befo// the flnal readlngs were taken to minimize the effects of

t1me dependent behav1our -’ o - .

‘Results showed that the Steffee system best prevented motlon at the

LY .
-

-‘.

- deslgn presented a problem w1th screw bendlng at a stress riser. The .

RO fixateur 1nterne was also excellent at preventlng mot ion durlng '

: N .
?ors;on tests, .but was less effectlvelduring flexion. The other two -

systems did not fare"as;wéIT: o N = | i

v
»'\,

, _ ”
-The 1mpr0ved testlng procedure descrlbed allows valld evaluation of .

Y"S
J)w -
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End-Cap | ‘ B Device usedbto.secure the;spinal’model to the

,testiné machine allowing accorate load application;
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CHPTER T N

2 ~ INTRODUCTION

‘The first report of splnal surgery dates. bacx/to the l700's the flrst
use bf splnal rods was reported by Professor Frltz Lange in f902

: (135) W1th the advances in asepsis and the development of" ‘

i radlologlcal technlques controver31es have arlsen in relatlon to the
1nd1catlons for conservatlve or operatlve treatment of certaln spinal
congltlons including fractures Surgery can be perfqrmed posterlorly,”.

anterlorly, or in comblnation and there are numerous p0531ble

7
‘Qnstrumentatlon devices avallable for rnternal stablllzatlon N
. - . L -

. . . .
The. function of any spinal 1nstrumentatlon system is- to hold the spine -

- 1mmobilized for a long enough perlod to allow elther fusion to décur

or for the fracture to heal.. If the fracture does not heal, or g
’ fu31on falls, added stress on' the instrumentation system increases the

chances of fallure (19) ' o | - | v '

Sincerthe:late‘l960’s newer methods of splnal instrumentation have
become'availaole; These include dicle screws combioe//w1th plates
or rods Inltlal cllnical reports on these systems appears _3;°
§ encouraging with excellent fusion rates and m1n1;;1 complications

_ Due to the recentdintroductlon of many of these methods, in-vitro‘

testlng in comparing the methods is sadly lacking



To,produce.an,accurate in—vitrofconparison of spinal.fixation deyices,
it was necessary to'develop'a vertebral fracture whichvcould_be
produced in a- homogenous populatlon of spines. This~fracture had to
be reproduc1ble, and cllnlcally relevant Theepattern of tlme
dependent behavrour for thlS model was calculated and- from these ‘
results a sur}able test’ reglme was establlshed Spec1ally de51gned

& C

end caps’ were used to allow accurate appllcatlon ofesuithble ‘loads,

and a transducer system was used to measure fracture site motion.
- ’ . ®. ’ : .

<
©

[

To establlsh the background to tnls 1nvest1gatlon“ review of the
llterature deallng with treatment of fractures,i%ethods %f
immoblllzatlon and the cllnlcal results of the posterior .

: 1nstrumentatlon systems presently in ‘use is presented Methods
avallable and results ‘of spinal 1mplant testlng are reviewed.
OBJECTIVES -

The prinary objectire of this lnvestigation was'to compare f0ur :
methods of pedicle screw fixation on a'spinal fracture model. The
fundamental basis of thls evaluation was the ablllty of the devices to
'prevent fracture site motion durlng and after the application of ‘
phy51ologlcal loads.

The secondary'objectTve df this investigation was to fully impleme
; newly developed testing program whlch 1ncluded the use of a vertebral
fracture model a method of load appllcatlon and a dev1ce to

' accurately measure fracture 51te motion. ,

:_‘T,(j

s



" CHAPTER II

LITERATURE REVIEW

 INRODUCTION . L
DROOCTION L )
Reports of the d1agnosrs and treatment of fractures of the
thorggblumbar spine have appeared in the llterature for hundreds of
years, and even in the twentieth century there is debate as to whether
certain fractures should be treated by conservative or operatlve
means. For those who believe that operative treatment 1s the' malnstay
for ;these fractures there 1s again discussion as to whether the
treatment should be directed anterlorly or posteriorly and what is the

L Y

) f%best method of fixatlon 1s -Methods- available for posterior fixatron ‘

1nclude Harrlngton distraction rods, Harringtcn compre551on rods,
' Luque 1nstrumentation the Cbtrel Dubousset instrumentation. system,

and pedicle fixatlon dev1ces.

' To"understand the treatment of thoracolumbar fractures it is important -
:to appreciate.the'attemptS'made'at classification of these fractures*
over the years 1nclud1ng the mechanlsms of 1n3ury and the stability of

the partic.lar fracture or fracture dislocation.

‘@
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_CLASSIFICATIUN.OF'THORACULUMBARTFRACTURES

S

Arthur Davis.first attempted classification:of'thoracolumbar fractures
in 1929 (33) followed by Robert Jones in.1931 whlch was later
f>publlahed in. hlS book "Fractures and Other Bone awd Jint LnJurles" in
1940 §225) Thelr cla551f1catlon was. based on the mechanlsm of injury
‘(flex1on OT. exten51on) and on thealntegrlty of the posterlor |
‘_elements NlCOll in 1949 (165) recla551f1ed the fractures into
anterlor wedge fracture, lateral ~wedge fracture, fracture dlslocatlon
and isolated fractures of the neural arch. Holdsworth (108) added the
_burst fracture and cla551f1ed'Ehe types of splnal cord 1n3ur1es
including sacral sparlng, complete and partlal cord le51ons. Frankel >
(69) in 1969 publlshed his cla551f1catlon of grades of neurologlcal -

damage. He defined them as complete, sensory on;x,,motor u;eless,

motor useful, and intact. This classification is still in use.

In 1963 Holdswor;h and Hardy divided spinal injuries into those

involving the anterlor or posterior portlons of the vertebra (108).
They rev1ewed the fractures and dislocations of the spine and p01nted
out that the spr:e may be subjected to four tyoes of v1olence
flexion, flexion and rotation, ‘éxten51on and compre551on. They
clalmed that the type of fracture or fralture dlslocatlon which -

resulted from these types of violence would depend upon'whether 0T not

v -
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the posterior ligament complex was. intact or not and‘modified their -

classification system.accordingly They described the burst fracture .u

which corresponded to the comminuted wedge fracture previously
described by Nicoll and Watson Jones Based on this cla551fication
'.'they put forward a plan for treatment They claSSified stable
inguries as the wedge compreSSion fracture and compreSSion burst
‘fracture They felt that these could be treated conservatlvely The
unstable 1nJur1es were the dislocations extenSion fracture
dislocations, and rotation fracture dislocations For all these -

unstable_1nJuries,operat1ve treatment,was recommended.

Until-the l980's;the classification of tbldswortnewas accepted which
divided the spinelintotholcolumns, anterior,!and posterior (108). In
.'1933 Denis (35, 37, 38) published. his work on the classificationlof
thoracolumbar spinal injuries in which the‘spine was divided into

three‘columns Ihe anterior column consists of the anterior portion

of the annulus fibrosis the anterior portion of the body and t)

anterior longitudinal ligament the middle column is composed of t
posterior portion of th body, the posterior part cf the annulus .
: fibrOSis and the posterzor longiﬁu nal ligament, and the posterior
column includes the facet 301nts, the posterior bony structures and.

the posterior ligament complex Denis separated tbldsworth's anterior

- column into the anterior and the middle column From this
~classification fracture types were rec1a551fied into- one, two or three o

o colomn 1njur1es If only one oT. two columns are involved the spine is

- e
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A '_ three columns. A seatbelt t
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theoretically~stable" If all three' columns are 1nvolved 1t is- ‘
unstable A recent study by Haher et al (94) conflrmed the 1ncrea51ng
1nstab111ty wh1ch occurs as one, two and three columns\are\dlsrupted

C-

With regard to the-description of virious fracture types, a

. compressron fracture consists of anterlor column compﬂe551on w1th _;
p0551ble dlstractlon of the posterlor column A burst fracture
con51sts of compre531on of both the anterlor and mlddle column w1th an
rntact\posterlor column An unstable burst fracture involves all

i;;njury con51sts of dlstractlon of the .

mlddle and posterlor columns an ossrbly sllght compre551on of the’

‘@
anterlor column A fracture dlslocatlon 1nvolves compre551on of the
anterlor column and dlstractlon or rotatlon of the mlddle and

posterior columns therefore 1nvolv1ng all three columns.

. o ‘ . ‘
Untll the 1950' S, llttle was understood about the true anatomy and o
mechanlsm of 1nJury (186) or the cause of the neurologlcal damage
which can accompany these fractures. In 1953 Holdsworth and Hardy
(109) wrote a cla531c paper on the early treatment of paraplegla from

fractures of the thoracolumbar spine. They presented a study of the

“relationship of the vertlcal omf;@n to the. splnal cord and nerve roots '

and explained the various types offor;d 1esmhs pogsible includlng
.. " -

sacral sparrng They expialné@gthe 3?§ects of splnal shock and

s
Rt T

classrfled splnal 1n3ur1es based“gh&ﬁhelr observatlons cllnlcal

b
experlence, post—mortum dlssectlon, and surglcal exploratlon in

patlents ,{’~

.



- TREATMENT .or'.r‘HoeAC,OLuMBAR SPINE FRACTURES FRE - 1900

.fracture'treatment (91). o S R j >

or inJury and descrlbed methods’ avallable to treat 1t He used an

" forceful and brlsk procedures

v o Y .
ﬂwrs part of the llterature Teview 1s based on a paper Wthh was

reproduced in " Paraplegla" and presented by’?}r Ludw1g Guttmann at

‘_the 1968 SClenLlllC meetlng, outllnlng the hlstory of vertebral

R

[ T

-

3 N
'

4Hypocrates recognlzed the glbbus deformlty secondary to tuberculosrs

R

extensron bench for re-allgnment e splne whlch was achleved by

[ ’ - . .' . : : c.

v In the s1xteenth century VldUS VldIUS produced a manuscrlpt

1llustrat1ng the methods of reducrng glbbus deformltles, portraylng a

“

the shoulders and caudally From the hlps, whlle the medloal\attendant

elther stood or sat on(the glbbUS, OT pressed 1t ﬁ/th a crossbar untll

‘_,1t dlsappeared ThlS v1olent procedure was Stlll used. w1th some

&

5modif1catlon up to the nlneteenth century Qy Jean Francfs Calot who

- manlpulated splnal&deformltles w1th his flsts SlI Ludwig GJttmann

hlmself w1tnessed this method of reductlon 1n l9l7 at the. Axtqn
kbspltal for coal mgners 1n Upper Slle51a The reductlon was executed

by the surgeon (Dr. Hartman) 1n the case of a fracture-dlslocation of .

the: thoracolumbar junctlon with paraplegla fh Calot s technlque the |

O
N

= ‘ - . -
oot ' -
’ v .

A

" poor victim lylng on a bench 1n a prone p051t10n pulled cranlally from ,.~

-
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'patlent was suspended 1n a suplne p031tlon by four a551stantsz whlle

‘the surgeon reduced the dlslocatlon by forceful manlpulatlon from

$ LN

belou :’ S . -(-:" lv ln'i'.' ,..¢_"h. ‘;5ﬁp
‘Ii..

“TREATMENT OF THORACOLUMBAR SPINAL FRACTURES FROM 1900's TO. DATE
»

7'ﬁorcaful manlpulatlon was carrled out 1nto the beglnnlng of the 20th (‘—.
M.century Thls technlque was- modlfled in the 1920 s and l930's when

' methods of postural reductlon by hyperextensron were 1ntrbduced

4

’Arthur Dav1sl(32 33) rn 1929 descrlbed a method for hyperextendlng
the back‘!b reduce Crushed fractures of the thoracolumbar reglon. de-\\\,}

belleved that hyperexten51on woula reduce the fractures based on the

assumptlon that the anterior Iongltudlnal llgament s strong, the
.posterlor splnal 301nts act as;a fulcrum fhe 1nterverteb al dlSCS are.

.flrmly attached and the den51ty and re51stance of the lateral muscles ‘
L
prevent further dlsplacement’ He used a hyperexten31on apparatus in

.

whlch the patlent was placed on a “table. a ’ hls legs were elevated via

.a,sllng,.forc1ng,the back into hyperext ion. In'this'position a

'

cast was applied ' PIlOI to thls t1me many fractures had. been treated
Wlth the old Bradford frames which often resulted in pressure areas
'and 1nab111ty to moblllze a patient resultlng in often fatal outcome

P—

< due to recufrent infectjons . and ma551ve bed sores.
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~ and then cranked to produce-hyperexten51on of the splne All of the

.tdeformlty (165 207)

> ; 9

Watson-Jones (224) a famous leerpool surgeon presented a paper at the -

Annual General Meetlng of the Brltlsh Orthopaedlc Assocratlon in

. November 1930 1ndlcat1ng that he had also been treatlng fractures of

the thoracolumbar Junctron by hyperexten51on braclng He used a

fsrmple procedure of lylng the patlent face down w1th head supported on

one table, whlch was about 18 1nches hlgher than another table __:.b

tsupportlng the legs The trunk sagged between these two-p01nts

ﬂcausrng hyperextensron of the splne and the trunk was then left free

"for appllcatlon of a body cast. te clalmed that u51ng thls method
- jpatlents could be moblllzed w1th1n a few days No anaesthetic was'

'jnecessary as the procedure was. relatlvely paln free. He reported thls

method in more(d;tall in the Journal of Bone and Jornt Surgery in 193a

©(226). Rogers from Boston also publlshed an artlcle in "Surgery

Cynaecology and Obstetrlcs" 1n 1930 w1th regards to the use of an

extension frame for reductlon of thoracolumbar fractures (187) His,

_apparatus was\sllghtly more complex Tt could be fltted on to a bed‘,

above personnel were in agreement that to leave the kyphos deformlty -

Acaused by a fracture could result in long-term problems of back paln _

unrelated to the fracture~but related ‘to the resrdual deformlty. They

all therefore felt it 1mportant to reduce the fracture Reports later

_appeared 1nd1cat1ng loss of thlS reductlon w1th t1me causrng late



| . 10
Durlng the Secaed»uer*d-wery Quttmann (91) 1ntroduced a method of
postural reductlon in hypere%Len51on by placing the patlent in a
supine position on<plllows, w1th addltlonal pillow support underneath
~ the fracture, and regular two hourly—turnlng day and nlght from the
‘suplne on to the lateral pOSlthn by three or four members of the |
staff. By this gentle method of'postural reductlon the normal
curvature of the‘spine could be restored; " By regular turning;.
.o‘pressure sores uere avoided. .- When the fracture had consolidated, the
patient was allowed to get up Wearlng only a light‘plastic support}
vThe dlsadvantage of thls technlque however was the straln on the

i

_nursmg staff and therefore in 1965 he introduced an eictrlcally

controlled turnlng and tlltlng bed wh1ch greatly eased Bhis burgen.
'Nlcoll (165) quoted Watson-Jones' words "FErfect recovery ls‘p0551ble
vonly if perfect reductlon is 1n51sted upon; even sllght degrees of

- wedging of the yertebra may cause a per51stent aching palnﬁ. ;NlCOll
described in_his paper a review of 166 fractured dislocaflons'of the
thoracolumbar spine occurrlng in 152 mlners and showed that Watson

l lJones remarks are not necessarlly true in that good results cam be
optalned 1n the presence of re51dual deformlty and poor results .can be
'obtalned with no deformlty present

During the 19ao s and l950's the practlse of active reduction with or-
wlthout anaesthetlc was condemned by varlous workers (109 207) and
open reduction of lnternal frxatloo with elther_plates or wiring ‘

[



_became%more popular. Guttmann (91) stlll belleved that postural o
:reductlon as descrlbed above prevented a lot of - the compllcatlons due
to the surgery and also belleved that surgical” flxatlon using the _
_ Meurlg—wllllams plate could result 1n Yoss of reduction and resrdual
}stlffness and deformlty. Guttmann d1d however, in 1949 (90) publlsh

an artlcle whlch llsted 1nd1catlons for operatlve treatment of

thoracolumbar 1n3ur1es and divided hlS 1nd1catlons into early and,late

Holdsworth clalmed restoratlon of alignment could be achleveddyr

elther manlpulatlon or by opon operatlon He felt manlpulatlon was

~only safe if the true nature of the 1n3ury was apprec1ated and in

‘their serles ‘this was pot always possible’ He stated that any patient,
who had severe dlsplacement which encroached on the neural canal

should be treated operatlvely He commented that "the operation 1s

o safe and 51mp1e and affords an opportunlty of Judglng the stablllty of

the splne by examlnatlon of the posterlor elements" He,added_that"

"internal flxatlon 1s also 51mple, sa;e and effective". They used
plates for 1nternal fixation attached to the splnous process (Plate _
1. 1In 1954 Holdsworth publlcly withdrew his statement that thls
method of treatment was 51mple Desplte this warnlng however A great
number of orthopaedlc surgeons contlnued to treat fracture ;

1dlslocatlons of the thorac1c splne w1th Meurig-Williams plates

. | s " '.' -4 ..,' T VS
As’ recently as the l960's Holdsworth and Guttmann stlll held opp051ng : -fﬁ

views regardlng treatment of fractures Guttmann tended to be
- -]

»



'conservatlve and tbldsworth tended to be more aggressrve using

: surglcal stablllzatlon (51, 108).

'Advooates'ofasurgioal:treatment have reported poor results in patients |
treated conservatively (112), whereas those q@ﬁ prefer nonwoperative'
treatment have reported good results in patients treated

‘ conservatively'(Bd);

Hardy in 1965 (98) compared the. results at the Sheffleld Splnal InJury
Un1t of patlents treated conservatively versus those treated
operatlvely and found no real dlfference between the two groups He
also mentloned that whether or not surgery 1s’performed the

: post-operatlve greatment was almost 1dentlcal in that ambulation

following internal fixation was not allowed.

More recently,-Ahn et al (2) reviewed 1385 patients,treated for
“traumatic paraplegia; and. found that those patients treated

“operatively did better than those managed conservatively.

Lewis (139) bel//yed that surgical 1ntervent10n prevents kyphotlc
deformity and/late paln Dewald (39) belleved that conservative
treatment can result in 1ncreased deformlty at a later date and this
is definitely related to 1ncreased pain. Nicholl (165) showed that
late deformlty can occur even after a good reductlon -and also that

- good results occur even-with resrdual.deformlty. More recent work by

~



Hu (llO) has shown that- there does not appear to be a deflnlte

correlatlon between residual deformlty and chronlc back pain in a

conservatlvely treated group.
A

S
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In genexal there 1s a consrderable number of people who consrder that
'”surgery is the best method of. treatment for certain thoracolumbar
'"splne fractures Each has h1§~own indication for surgery but no one’
set of 1nd1catlons is unlversally accepted (15, 35, 39 40, 67, 68

74, lll 112, ll9 121, 130, 139, 140 lSl 154 ﬁ'él‘ilrQ 212, 234).

Those who belleve that conservatlve treatment is adequate for unstable -

thoracolumbar splne fractures 1n general seem to-ée dlmlnlshlng in _7
_ number (ll a 69 7)

3
W1th thoracolumbar sp1ne 1n3ur1es, each case has to be: 1ndependent1y
1assessed ‘However there are. some gggerally accepted rules and some~
1nd1v1dual 1nd1cat10ns “for treatment §thlman (15) belleves that any
‘fracture in which there 1s a 4% collapse 1n the anterlor portlon such
.as a wedge compressron fractugggor a burst fracture should be
' stablllzed posterlorly Whlte51de on the other hand (234) belleves
_ that the compression needs to be greater than 60% before surgery is

Q.
recommended unless there is neurologlcal 1njury Bohlman believes

o that any unstable fracture whlch J4ncludes the unstable burst fracture

and any fracture dislocatiéns should be stabilized anp fused

| posteriorly. Whiteside Ys in general agreement with tbis}but'belleves



that stable burst fractures can be treated conservatlvely unless ‘ .
neurologlcal 1nJury is ev1dent in’which case they should be treated : .\f_
’ surglcally ‘He alSO belleves that unstable burst fractures and
jfracture dlslocatlons should all be treated qperatlvely \Qalnes (74)

: states that the only absolute 1nd1catlon for surgery 1s id grossly
ftranslated fractures that are generally assoc1ated with complete

' neurologlcal deficit in which there 1s extremely pooT or absent
~ opposition of the fracture fragments He then mentlons relatlve _

_ indications whlch 1nclude patlehts in whom recumbent management would |
be detrlmental such" as the multiply 1n3ured patlent He also feels ;»1
‘vthat there are certain 1nd1catlons for conservatlve management |
partlcularly in younger patlents who will ‘Teturn. to manual labour in
the future tHe belleves that in general any patlent w1th a |
neurological deficit would be better stabilized to allow early
.vambulatlon and to allow the p0551b111ty of further recovery in the
partlal or, complete neurologlcal injury. He believes there are
arguments for treating them both conservatively and operatlvely
Gaines i somewhat conseertiyeicompared-to other contemporary North
American surgeons' Fe feels that surgery which is planned to prevent

2

~a problem from. developlng in the future may be unnecessary and thlnks

it is reasonable to wait from two to four months from the time of the
injury to see if problems are going to occur as it has been shown that
" decompression or correction ofzdeformity at a later date can still

result in ‘good neurological recovery. ';/’f‘/i‘



The maJorlty of references quoted belleve that a posterlor approach to .
"the sp1ne is adequate for stablllzatlon and reductlon of thoracolumbar

fractures Fbwever there are advocates who recommend anterlor
Q{ZZilbn decompres§1on and fu51on (l& ll9 120 121, 130), desplte :
the h h compllcatlon rate (20) Another controversy exists with
respect to timing of the surgery Should it be done 1mmedlately or at.

the earliest convenlent time' orice splnal shock has subsrded and the

» ?datlent s general condltlon is stable,_or should a person walt for one

to “two- Week”’to assess the neurologlcal state or as Galnes mentloned
should surge@y be deferred for two to four months 1h the hope of |
preventlng unnecessary 1ntervent10n ?. Steiner (212) found~in hlS
study that the best results were obtalned in patlents whose surgery

. was delayed an average‘of—ll days compared to those who had surgery
sooneT and also noted better results/were obtalned when the operatlonr
was performed by a specrallst in a teachlng center. Whlte51de (23&)
belleves that surgery shbuld be performed in the first 24 to 36 hours A
té/;;;E}e a better chance of neurological recovery- in the

"neurologically Compromised patient.

Assumlng that surgery 1s 1ndlcated wha‘type of surglcal procedure
‘should be perﬁormed Two p0551b111tles ex1st: to approach the
:fractured vertebra posteriorly.or anteriorlyr ‘1h05e:who recommend
anterior decompression;state'that avthorough decompression of the'

‘spinal'cord can‘only be adequatelycperformed by'the;énterior approach

9
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'u51ng anterior flxation methods (14 119, 120, 121 a130 1313 Those .

‘who recommend posterior surgery believe that 1f the fracture can be NI

.
S LR M

k.adequately reduced. from the. posterior approach the reduction itself f'iy
‘results in decompreSSion, and maintaining the reduction with rigid K
‘internal fixation allows adequate recovery Hhis hypothe31s 1s based
on the assumption that the posterlor longltudlnal ligament femains
~1ntact and helps to -Teduce the retropulsed fragments when distraction
- is. applled Golimbu et al (84) used pre, and post-operative C.T.
scans to see how much reduction occurs after distraction '
1nstrumentat10n They found that reduction occurs in less than 50% of ;°f
cases and concluded that the posterior longitudinal ligament is”

.

'probably disrupted in many cases.
Recently Friedman (97) described,a,method‘for decompressing the'spinal
canal using a posterior-transpeduncular approach thus avoiding

-

_anterior.surgery. - _
\ -
This thesis is concerned with oosterior i trumentation.ﬁnd"turther , “
details ot these methods will be descrioezéin the followino chapters. |
_ Two points should be mentioned here Firstly, posterior
AinstrumentationWWas never been proven to improve the neurological
status of a partial or complete cord lesion (31) but it is generally
'accepted that the posterior instrumentation can decrease residual

deformity which may result in a decrease in chronic low back pain at a



:ii: 1ater date and prevent progressive kyphosrs It allows" early

' ;ambulatlon, preventing complicatlons of prolonged recumbency It
i"decreases the total hospital stay and rehabilitation time, and the
g:;reduction may decompress the cord’allow1ng some recovery of the

" this type of surgery 1nclude the general rlsks of anaesthe51a and

-_j{kry’ tpgether with the fact that part of‘ the splne 1s ‘being

; - -~ asw three segments above and below the fracture have to be 1mmobilized

.3’.- .

e,

to 1nc;r@se the chance of‘ : mn at ‘the fracture level. Thls

- = -.," ,.
nece551tates réhoyal of the rods at’di later date to allow return of
N

L vback mobf&itywand therefore a second operatlon 1s necessary This

\_temporary 1mmobllizatlon can result in premature osteo-arthritic :

hchanges (118) | _'_ | . o

[y

The second and flnal pomnt is that ‘many of the advocates of operative

Q

treatment of potentially unstable thoracolumbar fractures even in the
neurologically 1ntact patient belleve that it prevents late kyphotic

deformity, however, the litérature 1s d1v1ded as to whether this

“ )
48

L]
residual deformity is in fact,related to-chronit.back'pain.

Q

In summary, since the days of Hypocrates methgds have been available

to treat fractures‘of.the thoracolumbar spine and with the advent of
radiography and asep51s a better understanding of the thoracolumbar -

fractures has become apparent. Now a good classiflcation system is

i

5 neurologlcal lesion although this has not_been proven Disadvantages )

4.&pnmmoblllzed’and 1n the case of t&e Harrlngton, and Luque Rods, as many'

a
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'avallable ‘and. good predlctlon of stablllty of the fracture is

. possrble In splte of this, controversy ex1sts as to whether _
comparable fractures should be. treated conservatlvely or operatlvely
and if treated operatlvely whether an anterlor or posterlor approach
should be. used. If a posterior approach is used what _method of

‘ 1nstrumentat10n should be employed°

THE HISTORY AND DEVELOPMENT OF POSTERIOR SPINAL INSTRUMENTATION

The earliest known method of posterior spinal. instrumentation was

' presented by Professor Fritz Lange (1353 who descrlbed the use of
buried steel bars attached to the spinous process of vertebrae for the
treatment of spondylltlc splnes, as early as l9lO His original
presentation was made at the Amerlcan Orthopaedlc Assocratlon meeting
in Washlngton D C. in l910 and was based on the development of a

splnal 1nstrumentatlon system in which two metal rods were attached to

the spinous processes u51ng bralded silk. His initial result was poor
s

_ due to the use of steel Wlth relatlvely sharp edges which resulted in -

skin- breakdown and other assocrated problems Later, use of a

' tln-coated steel ellmlnated some of the problems due to the metal

| 1tself Modifying the length and thlckness of the steel bars as well
as the method of attachment further 1mproved his results. Followlng

this report in 1910 very little appeared 1n the llterature until the
1940 s. '

I
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In 1944 and agaln in 1948 King (125, 126) descrrbed the use of screws

to aid fu31on and found the pseudoarthr051s rate was reduced The:

- screws he Usegswerit through the lateral art1CUlat10ns and were

associated with the Hibb's fusion (105)..

. In 1947 Boucher from Vancouver (18) started u51ng screws through the

Sy .

1nferlor portlon of the lamlna, through.the pedicle and 1nto body of

the vertebrae below te comblned this wlth.a Hlbb'S fusion and

'clalmed it gave better results and a more stable flxatlon -He, .

reported hlS flndlngs in 1959.

Thompson (217) follpwed 1, 096 splnal fusrons and found a
Yy

'pseudoarthr051s rate of 16.6% using Hlbb's technlque and when he

combined thls w1th stalnless steel SCrews passed across the facet
joints 51m11ar to the method gescrlbed by Klng he. found the

pseudoarthr051s rate had risen to 55.1%. This was partly due to the
. . . - 7 . -

“‘*inadequate fixation and'secondly due to the fact that'these patients
‘;‘>were allowedvup immediately with ninimal external support- Fol§0w1ng

 this article Thompson started to place his post-operatlve patlents on

bedrest and used casts w1th apparently better results

1Around 1947 William Spence started to use methyl-methacrylate as an

-

adJunct to splnal surgery. He treated fractures by placing a plastic
peg through a drlll hole in the spinous process ‘above and below tDe

fracture and then 1ncorporated methyl—methacrylate after reduction of -

r



‘atture S0 stable that he used no

the fracture This'held the- :'
external support and clalmed excellent results CIf the-splnous._:
process had by any chance been damaged in the trauma he then uséd

sublaminar wires to incorporate into the cement: (206).

1nstrumentatlon'y JThe most well known of these: was tarrlngton who

o

developed hls rdd in. the years between 1947 and 1949, and then used 1t,

1

- in cllnacal prﬁptlce from 1949 to 195a 1n 19 paglents More B

. modlfrcatrons were then made and by 1960 he had come up w1th a method

which seemed rellable in scolrosrs He described the dlstractlon rod
.and a compression rod which are still in use today with certain |
modlflcatlons (Plates 1, 2, and 3). These were made of stalnless ‘
steel and 1ncluded hooks at the superlor and 1nfer10r end to ‘attach to.
the inferior articular process and the lamlna of the vertebrae
respectrvely < Since thls time the Harrlngton Rod has beéﬁ&elmost
unigersally accepted although more modrflcatlons have been'die..
‘ ‘ ' ' S,
Also 1n the 1950'5, Pennal (175) descrlbed a further method for spinal
fusron whlcq.was 51m11ar to the method used by Boucher which comblned
with the ‘Hibb's fusron gave good results. Again these were probably
the flrst reports (18 175) ‘of the use of screws through the pedicles
of the vertebrae for rigid internal flxatlon. Straube (214), in the

¥l950's~also used a. method of 1nternal flxatlon to aid splnal fusion.

I .Y‘:"k, ’ ,_I E . N © g
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He used plates attached to the splnous procesg\fPlate l) The plates

> had arlsen

had been descrlbed by: W1lson in an instructional course lecture for
g
_the American Academy in 1952 (238)

v

Gn the other s1de of the Atlantlc at around nbOUt the same tlme,

Fbldsworth and Hardy descrlbed the use of plates bolted to’ the splnous

process for the treatment of . fractures In 1953 they published thelrb_—

. results of 19 patlents treated- Wlth this method of 1nternal fixatlon

\

with good results (109) They commented that thls method was 51mple

and easy but later withdrew thls comment due to compllcatlons whlch
-

The plate that'Holdsworth and Hardy had used'was'similar to the”
W1111ams plates descrlbed flnally by wllllams in 1963 although used
for. many years before thls (237) Lew1s (139) in Cardlff Wales in

the late l950's looked at a serles of patients treated conservatlvely

|, versus those tmeated operatlvely u31ng splnal plates and found that

the operatlve group tended to do better - The plates used in this
study were mainly Wllllam s plates but in the laxﬁer part of hlS study
a W1lson plate was used ‘Both plates were bolted to the splnous
processescahd depended on the 1ntegr1ty of the splnous proces$ above
and below ‘the fracture 51te for thelr fixation ' These‘plates are no

v
longer in cllnlcal use.
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_ Kaufer (123) from Mrchlgan descrlbed the use of sp1nous process wlrlng

whlch he had been usrng 51nce 1956 to aid. 1n the fu51on and

- maintenance of reduction of fractures. te found thls method to be gh7

A simple ahd_effectTVe;. Similarfmethods are Stlll in use for_certaln'p

3

. types of fractures,~ o R

’-In 1965 Welss (228) descrrbed the use of sprlngs,whlch were attached -

to ‘the vertebrae above and below the fracture and allowed gradual

.:l

reductlon of the fracture The advantage of this method of fixation

: over other methods used at the same t1me such as the tbrrlngton or the

plates was. that the segment was not 1mmob1112ed and therefore the more _

dynamlc stablllzatlon achleved was belleved to be more physiolog;pal
and would afford 1mproved results. Inltlal reports were promlslng

however thls techn1que has srnce fallen by the waysrde

© In'1965, Knodt introduced his rod. Good (200, 232), and bad (137)
A;reports emerged and the Knodt rods are NOw- rarely used
. From the late l960's onwards the almost unlversal acceptance of the .

','Harrlngton rod resulted 1n many reported modlflcatlons of thls

-~

_-techhrque Some of the more 1mportant modlflcatlons are mentloned for |

‘1nterest sake Farrlngton 1n1t1ally descrlbed his rod 1n the early

B ;1960'5 although he had been u51ng it hlmself since 1949 (lOO) In the

-.1969'3 Harrlngton descrlbed the use of his rod for the treatment of

.spondylollsthesrs whlch was a new: conoept because prlor to this hls
e S - .

ST S P L e .
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frod‘was recommended‘only“for'treatment of scoliosis (99). In l 73

Jesse chkson (42) a colleague of Paul Harrrngton descrlbed the use of

the Harrlngton Rod for treatment of fractures and fracture
dlslocatlons of the sprne Therr first operatlon on such a patient _;
" was performed on 0l January 1960 and they recommended 1nstrumentatlonl;
from two levels above to two levels below the fracture srte In the
flrst twenty-nlne patlents operated on they had ‘had no compllcatlons
E and excellent results._ A_few years~1ater they:agaln reported on the
use Of theﬁHarrington Rod for thOraCOIUmbar fractures (41) and in'this
 paper they quoted the treatment of 95 patlents between 4962 and 1976

g -
_ Wlth twenty-srx compllcatlons which 1nclude3 six fractured rods four

-

of whlch were assocrated w1th pseudoarthrosrs There were six hook
/

dlsplgcements, seven 1ncorrect placement of rods at surgery and seven iv
:j other compllcatlons 1nclbd1ng post-operatrve paln and 1nfection This’
| seemed 6 be the flrst article whlch descrlbed the. falrly high
compllcatlon rate- with this procedure. The fact that the rods break

Sl o
- at a specrflc p01nt suggested a stress rlser

E Out of- forty patlents, Flesch (68) descrlbed four who developed
pseudoarthrosrs and thlrty in whom an 1ncomplete reductlon of the
fracture was obtarned Two patlents developed fractures of their rods‘
and two had problems with. dlslodgement of the rods Irw1n (57) in
| assocratlon ‘with. chkson and Harrrngton reviewed 2 016 patients
treated w1th Harrlngton 1nstrumentatlon Of these 1, 128 were treatedvl

1n thePdays before autogenous bone was used as an. augment to the
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fusion,and in'thiS'group ot patients 12.5% deVeloped broken rods- In
the next group of 888 patients in which autogenous bone graft had been
utilized the broken rod rate dropped to- 2.1%.’ ThlS would suggest that
‘the Harrlngton device is in fact rellable as long as the surglcal
procedure is adequate ~ In other words the FErrlngton rod cannot be
expécted to sbpport the splne 1ndef1n1tely -and 1s only meant to ~

‘ support the spine untll the fusion is complete

| Various other reports in the literature (9, 23, ~25, 36, 80, 9111” 140, -
155, 236) have shown similar problems with the tarrlngton rod namely,
*hook drslodgement or‘dlsplacement -and fractures of the rods
_A55001ated w1th,the rod fallures are the‘underlylng pseudoarthroses,_l
. . : v
Ih‘onebstudviby’Barrack (9), twenty-elght Harrington Rods were
retrieved from patients'due to failures'of the rods or hooks
5 Analy51s of the twenty- erght Harrlngton Rods showed that twenty -six of
these rods had no underlylng abnormallty and the fallures were
’ therefore due to the poor placement oT a problem w1th the basic de51gn
| of the rods Two of the twenty—elght rods however were shown to have
abnormal areas within the metalbor some corr051on present |
' In an effort to reduee the compllcatlonvrate associated with the

Harrrngton dev1ce reports began to appear in the llterature of

modlflcatlons to the 1nstrumentatlo system.



~ and reported seventeen cases of unstable fracturﬁ% treated wlth thls ;

, Galnes (72) added sublamlnar wires to the Ferrlngton Dlstraction Rods

¢ . P sl
o . . S : )
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. method with good results between 1979 and 1983 :bcobs.(llﬁ) patented

,hls modlflcatlon ofkthe Harrlngbon rod in- 1981 He used a locklng '

hook system 1n an’ attempt to. prevent hook pull out and changed the

~_rods sllghtly to allow easier contourlng of the rods In 1980 Jacobs

g (lll) presented hlS hypothe51s that 'Tod long. fuse short" Wlth '

'1nstrumentatlon from three levels above to three levels below the

fracture with only a three level fusion was the best method Fé' L

J

.clalmed his results were better but thls is still a controver51al

' p01nt. Edwards (53, 54) since 1979 has been u51ng sleeves on the

K

Harrlngton rods claimlng that the plastic SleEVES act as a fulcrum l :

allowrng correctlve forces to be. applled in any dlrectron /llmnell

(181) modlfled the Harrington compressron rpds but found problem

s
. . . . -'?"_}-.- . 5 ‘;‘\’ . ) .
with hex nut loosenrng 7. - ]

‘.

The 1ntroduct10n of sublamlnar wlrrng in assocratlon w1th the :

Harrlngton System seemed at flrst to be an LMbrovement on the basrc

Harrlngton System Akabarnla (242) compared two groups of patrents,

' 'one treated for splnal fractures w1th the tarrrngton Rods and w1res

5 and one treated with the. Harrlngton Rods alone -and the cohpllcation _-'

‘ rate 1n both serles appeared to be the same élthough better R

vrates when the Harrlngton is assoc1ated ‘with sublaminar wlring was

stablllzation was obtained u51ng the wlres " Other reports however (3

22, 72, 215, 216, 233) suggested that the rod failure and’ hook failure

. -«

<
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.compression rods causing direct cordk

2

*“much reduced The largest of these series was by Sullivan .(216). He

reported on thlrty two patlents treated for fractures w1th the
Harrlngton Rod and sublamlnar wlres wlth no. rod- fallures and no
pseudoarthr051s More recently however 1t has -become apparent that
there-are probl ems assoc1ated wlth the use of sublamlnar wires (221).

Flrstly, removal of the wires: 1s not w1thout Tisk and ‘when the

P:

removal. Ros51er.(189) reported on gwo cases of Harrlngton o

'nJer due to the hooks
protrudlng dangerously into the splnal canal when assoc1ated with the
use of sublamlnar wires. At the 500110515 Research Soc1ety meetlng in
1986 Schrader (196) and Haher (93) both descrlbed canine experlments

in whlch cord damage was observed due the use of sublaminar wires.

Schrader s experlment showed macroscoplc and microscopic damage to the -

nedfﬁ:structures in dogs and suggested that the technlque of segmental

&

*sublamlnar spinal 1nstrumentat10n is not 1nnocuous to the dural-sac

and its contents. The reactlve tlssue response was not adequate 1n
\

. ]
prov1d1ng protectlon durlng w1re rgmoval in spec1mens with the 1mplant

present for up to 155 days " In hls)study, Haher concluded that
an;mals which were neurologlcally intact following sublaminar wlring
were_shown to have signs of long tract'degeneration which were chronic

in nature and'progressive over time. Slabaugh (205) recently showed

,”that sublamlnar wlre«removal 1s safe 1f the wlres have been in 51tu

for a few mdnths, and if 18 Gauge wire is used _He.demonstrated the
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" presence of a tough pseudomembrane. Obvrously a longer cllnlcal

follow-up w1ll be needed to assess whether neurological damage due to

]
"sublamlnar w1r1ng occurs in humans . ' ff 3f“
'V' ] . S ‘|. ‘-

e
’

-

| Another spesiflc complication of the rod long technrque as used 1n the
- Harrrngton System is the so-called géat back‘syndrome (?bl llZ
’AZAO) Loss of lumbar lordosrs is secondary to the use of the -
| Harrlngton 1nstrumentatlon without contou;lng of the rods ThlS has :
resulted in gait abnormalltles and chronlc problems The ablllty to
contour rods -has alleviated this problem to some extent.
}

A problem with the large number .of" segments 1mmoblllzed using the

Harrlngton technique is facet 301nt degeneratrve changes It has beenf*
shown {77, 118) that in the segments immobilized by the Harrrngton .
rod but not fused, there are changes wh1ch occur within the facet
- joints as early as 6 months after. 1nsert10n of the rods. Hlstological‘¥
| changes present within the facet JOlntS are comparable to early . _
‘;degeneratlon Whether these changes will be symptomatlc in the future-w

N ?

has yet to be proven.

Dodd (43) ‘showed that even after'removal of‘Harrington rods, the
'segments whlch wefk 1mmoblllzed but not fused do not regain their

. €
kpre-operatlve mobllity for at least 6 ponths, and possrbly never.: hef-;

-also showed that even after an arthrodesis motlon can still be

.
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identified at the level'of the‘fusion One other report by MCcAf fe

(155). included a c&se of progressrve ascending llquefactlve necrosis.

and 1nfarctlon of the cord secondary to over-dlstractlon by the

Harrlngton rods . He reported the compllcatlon rate in forty patlents,'

' the magorlty of whom were treated elsewhere and referred to his center_

for further treatment In this group of forty patlents ‘there were

)

Athlrty-51x compllcatlons. A total of four cases in whlch the o

»
neurologlcal symptoms had worsened, eleven cases of 1noomplete

reduction of the'rnltlal fracture, eighteen cases of rod disengagement
or dlslodgement and seven cases of deep infection. He therefore |
recthended that treatment of fractures by “Harrington 1hstr%mentatlon
should be performed by expert surgeons in a splnal 1nJury center.

L]

In v1tro testlng has also shown that fallure of Fbrrlngton Rods occurs

..due to hook pull out or rod. dlsplacement Dove (45) had the

opportunlty of testlng a fresh cadaver in whom a double Pbrrlngton .

'dlstractron Tod w1th sublamlnar w1res had been 1nserted prior to his

unexpected death . In testlng the fresh splne blomechanlcally they
found that fallure occurred at the same place as it dld in "1n vitro"

testing but that the force requrred to result in failure of the rod

'was srgnlflcantly hlgher than in most in v1tro tests in anlmal
,nodels ~This wouldfsuggest that in vltro testlng even on an animal

. model is useful in predlctlng the outcome in v1vo
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In view of compllcations assocrated with the FErrington Rod Luque
(148) in Mex1co Clty had been worklng on a system to 1mprove on the
Harrlngton In-1972 combined w1th the work of Dr. Vbrdura a
Neurosurgeon from the _same centre they began workin"\ segmer;tal -
fixation. Ln 1973, they worked on the use of sublaminar wires
attached to the Harrington but gﬁill had problems with the stress
riser due to the configuration of the tarrington Rod “In 1975 they
developed their, own smooth Tod but had problems with migratlon They
- modified their technique between 1977 and 1980 and ‘came up with the.‘ -
) Luque Rod which is in use today (Plate 2, and 3). The rod is smooth’
_'and therefore has no'stress risers The fact that there are no hooks
_means that the growth of the 1mmature skeleton can continue w1thout
vthe need’ to replace the Harrlngton Rods. ThlS reduces the amount of..

"-surgery necessary in certain conditions HlS method of

binstrumentation has been accepted in many parts of the world

- Developments of the Luque Segmental Splnal Instrumentation System
Hoccurred in the early l970's and by 1979 Eduardo Luque (148) had

vperformed 316 cases u51ng the various modiflcations of hlS segmental

- splnal 1nstrumentat10n system. In the first six years of its use he

“had only one neurological compllcatlon and three. pseudoarthrosis. Of.r
- hlS flrst 316 cases thirteen were acute fractures In 1982 he },h |

'published a report on the treatment of fourteen patients with either g

'acute or chronic effects of spinal trauma (144) Using his segmental,_‘

,vspinal method ofjlnstrumentation, and an outrigger which he describedf B
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forvthe reduction of the fracture by applying distraction he reported'
no complications inifourteen‘patients No external support was

| necessary post-operatlvely allowlng qu1cker return to normal Luque
‘furthér modlfled hlS technlque for the treatment of fractures (147,
149) by 1nclud1ng pedlcle SCTEews w1th hlS specially de51gned flxatlon
bars With thls newer technlque he was able to immobilize less |
segments, allowlng fu51on without the compllcatlon assoc1ated w1th
1mmoblllzat10n of a larger number of segments : 5&5 1n1t1al report oi;_’
twenty and then flfty patlents showed ‘some technlcal dlfflcultles but
no complications. }Follow1ng these,*(lAS) he r%porteﬂ 722 cases of
various types of back pathology-treated by.segmental spinal
instrumantﬁtion in whichrthereIWere’only seyen(%seudoarthrosis.
O.

Other'workers,\however, have been less tortunate-regarding'

. compllc;tlons using Luque$s method. Fergusoniésa) treated flfty-four
fractures between 1976 and 1981 usrng the Luque tecgplque re found -
.that thlS gave secure 1nternal fixation allowlng qarly moblllzatlon
w1th no external support and was able to get good secuge)flxatlon to
the pelv1s when necessary. However he found that thls technlque ' ;
_requ1red a longer 0 eratlve time than the tradltlonal karrlngton s and
was a more demandlng procedure The technlque 1d not allow |

e N longltudlnal dlstractlon in the reductlon of f actures in order to

\

‘reduce the posterlor body fragments, and there were also problems "

aQ

malntalnlng longltudlnal dlstractlon for reductlon EErndon (102)

.

)
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reported on 51xty-two patrents treated between l978 and l98a marnly
for neuromuscular spinal deformlty. However erght of these. patlents |
B developed fracture of the rods and fourteen of them developed some |
1ldss of correctlon of curvature He recommended that external support
and 1mproved fusion: technlques could reduce the number of
»compllcatlons_due to rodﬁfallure u51ng thls method. Kllng (128)
reported twenty-four unstable fractures treated by the Luque
1nstrumentatlon system He immobilized three segments above and two
: below the fracture and did not use any pOSt-operatlve 1mmoblllzatlon
He reported four broken wires whlch were not a problem and one rod
promlnence whlch requ1red removal In comparlson of rehabllltatlon
time he found that the Luque gave better flxatlon than Harrlngton and

allowed much faster rehabll;tatlon

The main problem w1th the Luque technlque 1s the 1ncreased rlsk of |

"'"1: neurologlcal damage due to the sublamlnar wire placement W1lber

fT;(235) Teported a retrospectlve study of 137 patients treated for'
hTSplnal condltlons Fortyqnxne of these were treated w1th FErrlngton
Rods plus sublamlnar w1res and twenty by Luque Rods w1th sublamlnar
wires. Ln tﬂls group there was a 17% 1ncrdence of‘neurologlcal
':compllcatlons of whlch 13% were transrent sensory changes, and 4% 3
vmaJor cord 1nJur1es. In contrast ‘there was only one neurological
Afcompllcatlon (l 5%) in srxty-elght patlents treated by Harrington

: 1nstrumentatlon alone.
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o' Brlen (166) developed nylon sublaminar straps in an effort to
'decrease the number of neurologlcal compllcatlons due to the passage
of sublamlnar w1res, while malntalnlng Luque's pr1nc1pal for
1mmobillzatlon of the spine. Although thls is still 1n the early '
‘stages of research and development it is showing great promlse in that
the flrst twenty-five patients treated for various back problems show-
no‘neurologécal'problems and the‘aCtual operative technique is much *
faster. (Approxthately one hour shorter than -when usi sublaminar
wires.) Luqoe instrUmentation is generally acceptezsijf\ose in ;
.neuromuscular s0011051s but because of the problems with neurologlcal

compllcatlons its use 1n the treatment of fractures has not been

unlversally.accepted It may be that the use of nylon sublamlnar y

straps increases the safety margln of the procedure, but for the
-present time segmental splnal 1nstrumentatlon’using the Luque system t
“is not }he method of ch01ce for the treatment of thoracolumbar sl

fractures ,_,' ' o /F\ - . R | x

. : , ;; é¢ :
. ‘1

Other workers have descrlbed their own dev1ces for posterlor

stabilization of short segments Kaneda (122) fnom Japan clalms good"
-‘results in fifty-four patlents treated with his 1nstrumentat10n System.

‘Although the tarrlngton and Luque systems have obtalned almost world
' wlde recognltlon there were certaln centers in Europe where research |

into the methods of 1nternal flxat%pn of the splne took a dlfferent

direction. Roy-Camllle (190, 191) in Parls worklng under the _;;J;/>

. L
A 4 .
N 1
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guidance of Judet, de31gned a method of pedlcle screw and plate

© thus only three segments werilfmﬁobilized compared to five or seven :ﬁ'

flxatlon He used a screw which went through the posterlor elements
of. the vertebrae 1nto the pedlcle and along the pedlcle 1nto the body
of the vertebrae The only prev1ous report of the use of pedlcle

screws was that by Boucher (18) whlch was a modlflcatlon of the method

that the screw allowed r1g1d fixatlon of all three columhs of the
vertebrae as it passed- from the posterlorvcolumn through the mlddle

colum and into the-gmterior column. One screw was used in each

segments using other technlques avallable such as ‘the Harrrngton Rod

s
‘ru't

Better fixation was obtalned reductlon was p0351ble and no fLDQ

§-x

post—operatlve external support or. brac1ng was necessary Roy- Camrlle
plates were recently 1ntroduced 1n the Unlted States and Canada Rene
Lou1s (143) also from France modlfled Roy Camllle's orlgloal technlque

but used the same basrc method ‘of pedlcle SCTews gnd plates

\used by King (125 126) The advantage of ‘pedicle screw flxatlon was

. A o | _ ‘g,
pedicle of the vertebrae“above_and below the fracturedgvertebrae and

w7

The next report of pedlcle screws came from Germany where Herrmann .

(lOA) publlshed a report in 1959 of the use of the AO plates and

screws for splnal stabllizatlom chk (40) published an artlcle in

..*3

1985 in which he descrlbed the flxateur 1nterne Thls was a newly

des1gned splnéi flxatlon devrce which included the use of pedicle
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v'-dlstractlon and compression of the fracture fragments and the long

: schanz screws permltted manlpulatlon of the fracture into a reduced
position. - . -

e w
@ d

) o (gl
- Zielke from West Germany used pedicle SCrews in the'desigh of his :?Qi

vsystem Encouraglng reports of 1ts use are beglnnlng to appear in the

’_llterature (44 182 204). ‘
g

-L . . ) ~
‘e

<.
'Eventually the European 1nfluence of pedlcle screws reached North

America and Steffee in Cleveland dev1sed his own method of pedlcle

screw flxatlon (210 211) - His screw and plate de51gns were different

was the same. HlS method can be used as can

'advantage is the small number of segments whlch requ1re 1mmoblllzat10n.’

"_»Much has been wrltten about the anatdﬁy of. the pedlcle (13 108, 124
' 133 138 L1482, 243, 245) and its role in 1nternal flxatlon (133
204) Krag (133, 146) de51gned an 1nternal flxator similar to the ‘one

tdescrlbed by chk but w1th modlflcatlon As prevrously mentioned

Luque (147) used pedlcle screws in COnJUHCthD with w1r1ng, and Magerlt

(58, 150 239) dev1sed a method for 1ntroduc1ng a type of schanz screw:

_;lntO the pedlcles from the out51de w1thout the use of maJor surgery

This external skeletal flxatlon method has been -used successfully in :

the spine for 1mmoblllzat10n of segments ‘butthere have been problems

w1th pln-51te infections.

auma, or electlve splnal fu51ons and again the_:

b
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f“ Olerud (168) in: Sweden used extérnal transpedlcular flxatlon as a’

| test. He placed percutaneous pedlcle screws 1nto the segment which |
~they felt was. pathologlcal and 1mmob1112ed 1t u51ng an external
'Tflxateur If this. cured the patlent s symptoms he felt that At was
rgasonable to go on to do a.fu31on-1n an effort to help the patlent'
l Qain' However in the elghteen patlents 1n whlch thls method was tried
there~was one reported leakage of cerebral splnal flu1d and one report_
of sc1at1ca due to penetratlon %f‘the leatlon screw . One patlent
developed minor changes in the L5 root probably due to penetratlon of
the screw. There was mlnor wound 1rr1tat10ns 1n several patlents It
is unllkely that this method of dlagn051s of a paihful segment w1ll be'

unlversally accepted ‘,' o o “;; e

Three types of pedlcle screw flxatlon dev1ces bave been 1n cllnlcal
. use for. a number of years They are the Roy-Camllle Flate the
flxateur 1nterne and the: Steffee Plate The nEwer Cotrel Dubousset

_ ‘system also 1ncludes pedlcle screws. S are descrlbed'

' Roy-Camllle (190 l9l) has been usmg his own' de51gn of"iBlates srnce q
'1961 In hls 1n1t1al treatment of 84 spinal fractures and ina’

| follow-up serles.of.123 acute splnal fractures he’found that he was’ v

. able to reduce and malntaln a good reductlon of the fracture in 75% of .

fthe cases w1th a loss of reduction of between 30 and 10° in’



':encountered a number of radlcular symptoms in hlS early serles, and

.v_,

",._approkimately ZS%Iot'cases There were two specrflc problems related

t0'the fixation'device The flrst is that due to the drllllng of the *

'~_ped1cles 1n close proxrmlty to the neurologlcal structures he S }‘ ;g”_'

. i .

e

post-operatlve radlographs showed that 10% of the 1n1t1al SCTEws

'j__lnserted were out51de of the pedlcles However w1th 1ncreas1ng

-"e experlence the 1nc1dence of thls partlcular compllcatlon in hls serles

bk 1s now. nll . The second SpElelC compllcatlon is. that one of the outer
_[screws usually the 1nfer10r one brokezlﬁ>25% of hlS cases ThlS

| occurred between flve and twenty four months after flxatlon and he

'suggested that thls 1s a srgn that the splne moblllty has 1ncreased

and the plates should be removedf Klnnard (127) rev1ewed twenty one

';d‘fractures treated in QJebec usrng the Roy—Camllle system between 1979 o

'f"and 1982 Interestlngly he found the same compllcatlon rate There v'

‘_ was a 25% loss of correctlon of‘the splnal deformlty 1n acute

fractures and a 25% 1nstance of screw breakage E They had two

'neurologlcal problems out of the twenty-one patlents post-operatlvely__v””:‘

>

o which were not present pre operatlvely and may possibly represent
’ f‘radloulopathy due to the operatlve technlque Fbwever thrs has not

~”;been conflrmed in thelr report

é

It would’s em that the Roy Camllle plate whlch has oW . been 1n use for_"‘
!'iapprox1mately 15 years 1s a relatlvely safe system when used correctly | ih

'.l_for the treatment Of acute fractures -

A

e



"*.treatment of splnal fractures F0ur schanz screws were 1nserted 1nto

[

In 1984 chk from Swltzerland, 1ntroduced a: flxatlon devlce whlch he
ayreferred to as the flxateur 1nterne (40) whlch was developed fﬂr the
';fthe pedlcles of the vertebrae above and below the fracture and the o

"”appllcatlon of two threaded bars with' unlversal Jblnts tO the schanz

"~.”screws allowed 1mmoblllzat10n of the fracture as well as manlpulatlve

»reductlon of the fracture Cbmpre551on or dlstractlon could also be i"
o applled wrth thlS partlcular flxatlon dev1ce In 1985 he descrlbed ;_:‘%
‘hls 1n1tlal results w1th forty-flve patlents treated for hlghly
‘[_f unstable and dlslocated lumbar splne fractures He had one death from;:rlﬁ
vaunrelated-causes- He had one patlent who developed a secondary

"-kyph051s of 100 due to a malp051tlon of one of, the schanz screws and ’

e

o one patlent with a wound 1nfectlon requ1r1ng removal of the 1mp1ant at

. &
o o
v__seven months but Wlth no problems after that.‘ He d1d not have any

“.fT:.neurologlcal problems as a dlrect result of the placement of the -

";1mplant and due to the 1n1t1al encouraglng report of the flrct

forty-flve cases they have abahdoned the use of other posterlor
' M \

,'1mplants for the treatment of fractures and rely solely on the - i g vf;rv‘

ﬁflxateur 1nterne

Steffee in Cleveland Ohlo deslgned hls own posterlor splnalrplate andf ;f'f:

.tfh_pedlcle sciﬁig and presented hls 1n 1a1 results in 1986 (210) .
u‘the flrst 120 patlents operated on for varlous splnal con tions ;"‘.

1nclud1ng fractures he had two nerve root 1mp1ngements secondary to

_the bone graft and eight problems assoc1ated with the sp1nal plate

kjd
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f attrlbuted to the flxatlon dev1ce 1n two patlents, both of whom\

éeventually had the hardware removed Mlnor wound problems ‘in three B

. }Vlncent De F3ul Fbspltal in Parls, France by Jean Dubousset ThlS

’féz Co ‘""j: . {:": o f R »_»L;:'.v.; s
Lo IR I B - R o -
system Most of these problems occurred with the early ver51ons of

pthe dev1ce and have 51nce been addressed These problems 1ncluded

S 1oosen1ng, screw mlgratlon andﬁicrew breakage (Plate 9) The-addltlon'yd'

t

of a second anterlor taperedbnut tp locg‘the splnal plates 1n p051tlon;

tfhas reduced the 1nc1dence of these complicé!!onsi‘sHe is presently

: L
A

T worklng on a newly developed pedlcle screszhlch he hopes Wlll agdress =

Y

dthe problem of screw breakage In hlS 1n1t1al series he has also had"
vflve cases of pseudoarthr051s two of these were as soc1ated w1th

- 1nfect10n 'r_'5~_' o ,‘ - 'ii’ ;, o ,_».'{:jﬂfji"'d””'f"‘"

o @

;;‘tReed (184) has been us1ng the Steffee plate and screWs 51nce 1984 and

""‘l,

presented hls 1n1t1al results on flfty-two patlents Hng';“*
compllcatlons 1ncluded a transrent motor weakness 1n four patlents one S

of whom was re—explored with no. abnormallty found There was leg paln.

- patients and pseudoarthr051s in one patlent f 1-,3 'v Q >

N od
B i).'

< 1

The most recent type of posterlor 1nstrumentatloh developed and fn

,

u‘ cllnlcal use, was agaln designed 1n France by Cotrel and Dubousset

(27 79) Research was performed by Yves Cotrel from 1978 to l982 and ‘;

pthe flrst cllnlcal appllcatlon was performedson 23 January 1983 at St ;?f

Tl

L 1nstrumentatlon dev1ce 1s 51m1]ar 1n SOme ways to a Harrlngton but g ?”. R
ey G

-;a&gp utlllzes the optlonal use of pedrcle screws and allows for tM&e@d

[ . B v ‘)’5



stabillzatlon for fractures

'5thoc1ety meetlng in 1984 The de51gn of 3
"sed for 1nstrumentatlon of long seg

' either neuromuscular or 1d10pathic or

’ dimenSional correctlon of scoliﬁtlc curves as well as small segment

R

“

[T
,w. . .)r

Cotrel and Dubousset presented the 1n1t1al clinical results of thelr N

' Lnew posterior spinal 1nstrumentatlon system at the Sc011051s Res§arch o

e system enables 1t to be

Li;immobiliaation of shOrt

segments either u31ng the lamina hoo&s or pedicle screws In this

respect 1t.1s a true universal spinal 1nstrumentatlon system which is

P -

‘ theoretically useful for any splnal condltion requ1r1ng fu51on lt_'
.has the definite advantage of being able to correct deformitles three‘;v

' dlmen51onally ‘As well as correction of spinal curvature 1n the |

&

‘Vgantero posterior and lateral planes, it 1s also capable of correcting N

vertebral rotatlon v The advantage of being able to 1mmobilize small.

,‘complications alluded to above due to unnecessary 1mmobilization of

4

long segments The system requires no post-operative external

1mmoblllzation

The system was first descrlbed in 1984 and had only been in clinical

 use since January 1983 Cbtrel & Dubou55et described thelr initial
’findings in flfty patients who had been treated fqr scoliosis They

I reported that no post-operative brac1ng was necessary They had no

’

_neurologlcal complications They had six cases of late loosening but

.

:"l in treatment of sc011031s;

o ‘39 SR

.segments only for the treatment of fractures can prevent many of the i~lﬁ

a7 T

R



q'. th1s was due to the poor‘1n1t1al§operat1ve.technlque at. ths beglnnlng B
of thelr serles and no further regﬁrrence of thls problem has.
ocdurred Thé gollow-up in thlS serles was only one year (27)
' Further reports by Dubo&%set (SO)vcpnflrmed the good results and lack ;
yof. cbmpficatlons One further report however (51) by Dubousset in
whlch splnal deformltles assoc1ated w;th pelv1c obllqu1ty wére treated_
showed that there were two sllppages between the rod and the sacral
lfflxatlonrstaples 1n the thlrty-two patle:ts treated and ‘one broken
| screw with assoc1ated pseudoarthr031s 3 tbwever thls compllcatlon rate'
lls low ég951der1ngfthe type of paﬁ&ent he was deallng with. Other

.'reponts are appearlng 1n the llteraturew(llS 201) in whlch patlents >»

}'”‘treated ih North Amerlca w1th tHe . Cotrel Dubousset 1nstrumentatlon

system have been reported as hav1ng good results wlth mlnlmal
: l -
'ihstrumentatlon problems and no neurologlcal compllcatlons In one

1

fzeport from Shufflebarger (201) there - was ~only one hook dlslodgement

out of seventy patlents and thls requ1red ha further treatment Hall

T_A(95) showed sllght pe551mlsm after treatlng thlrty-flve patlents wlth
sc011051s and ach1ev1ng a 60 correctlon of the Cobb angle He'noted_

two early 1nstrument fallures | kb also felt that there was some

}problems w1th the operat;ve technlque due to the rod holders and the :

".,h00k holders : te felt that more modlflcatlons may be necessary and

'f.' that he would not aceept 1t as-a unlversal splnal 1nstrumentatlon _

"nsYstem . t;

e
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All the 1n1tlal reports on the Cotrel- Dubousset 1nstrumentat10n system

_dealt w1th the treatment of :collos1s, (1d10path1c and |
*neuromuscular)' tbwever, recent 1n-v1tro testlng has shown that the
f’;lnstrumentatlon system is good for short segment 1mmoblllzatrpn as 1n i
‘.the treatment of burst fractures (79) The system allog?jboth
: compre551on and dlstractlon to be applled and lordosrs can be
preserved An the case of lumbar fractures by pre-bendlng the rods

",Elther hooks or pedrcle sgﬁﬁws can be used in assooaatlon Wlth the _7

system and four hooks: can’ be used in each lamrna (79 202) More

. o

1n—v1tro testrng needs to be performed on the Cotrel Dubousset system,

however, 1n1t1al reports are- very encourag;ng
SV v

Varlous'other modlflcatlons of ex1st1ng technlques are still belng

':developed an example of whlch 1s the tartshlll Rectangle whlch is a
modlflcatlon of Luque Rods (46 47) | However 1t seems that the most
unlversally accepted system so far has been the tarrington Rod and the '
‘raLuque Rod each of wh1ch have the1r own 1nd1cat10ns for use The more
'.recent 1ntroduct10n of the pedlcle screw seems promlslng especrally

‘for smali segment flxatlon w1th definiie.advantages for the gmeé;ment

- of fractures over. the old terrrngton and Luque Rods whlch redUired

.flve and seven segment 1mmoblllzat10n, and 1t may be that the

l

betrel Dubousset 1nstrumentatlon system whlch can be used for either S

:long or short segment 1mmobllizatlon may be tpp system of the future
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AajThe above chapter detalls some of the cllnlcalfresults assocrated w1th

-the more commonly used 1nstrumentat10n systems The systems descrlbed L
are those wqﬁfﬁ‘ﬁave'elther Qeen unlversally accepted or whlch are. new. .Wﬁfj:"
wrth con51derable potentlal for the future. The - maln advantage of the '
"newer pedlcle screw ‘fixation methods and the . Cotrel Dubdhsset are that_,l
'dfor the specrflc treatment of fractures only small segments of the B
' splne need to be 1mmoblllzed ‘and 1mmed1ate _post- operatlve o
1mmoblllzatlon 1s possrble More crlnlcal studies need to be‘hj L
performed and further 1n-v1tro testlng is necessary 1n order to

i

_ ”accurately compare the methods of pedlcle screw flxatron \\: I

PR S



INTRODUCTION .

. CHPTER IIT . e

~ RELEVANT BIOMECHANICS OF THE SPINE.

evphy51ologlcal testlng reglme to be developed

(1) what are the ohysiological loads'transmitted thro

Ry

A knowledge of the relatlve splnal blomechanlcs is necessary for three

™
:reasons Flrstly, understandlng the functlon of,the splne as both a

~

istructure and a mechanlsm allows better assessment of the sarie . gplne

when 1nstrumented Secondly, such an. understandlng allows cr1t1c1sm

of. the methods and models reported in the llterature for testlng

splnal 1mplants Thlrdly, thls understandlng enables a more( f

i

%

To plan a testingvregime the following_questions.need’to be.answered.v S

~S

the varlous

vertebral levels of an un-lnstrumented human splne and how are these '

,standlng, and lylng 2?0 l; o ."y .

43

et

f‘loads affected by varlous movements such as forward bendlng, srttlng,:



: - : - ST e
- e . ; L i

b

2 o
N 3
o

. 1(3) wa should tlme dependent behav1or (creep oT relaxatlon) be

' ‘g L
accounted fOr in 1n-v1tro blomechanlcal testlng P

or repetap(ve condltlons ? _'_ﬁ . ;.’ o ;l.' f J.~"
- - :{3v, | - S v ”p
jvé): ¢ L . ST ~:_ L)
."3(5) What C0n51deratlon of these: factors should be made to allow “:innv

'testlng of a spine: w1th a fracture that has been 1nstrumented 2

1. IN-VIVO LOADS ACROSS VERTEBRAL'SEGMENTS'
‘ 7mathemat1cal models

f‘the psoas muscle 1n order to try and establlsh thétﬁefce transmltted
.

o - S g .

"Calculatlon of in-vivo loads at various vertebral levels can be .

.accompllshed by 1n—v1vo “and 1n-v1tro studles, oT by the use of

e

[ B

Nachemson (161) used in- v1gp pressure meaSurements of human lumbar

' 1ntravertebral dlsks and also EMG studles of the vertebral portlon of

o

‘ .through varlous vertebral levels._ Before embarklng on the 1n-v1vo

test he studled cadaver vertebral unlts and concluded that the

| pressure 1ncrease 1nside a vertebral dlSk 1s'd1rectly related to the‘

iexternal force applled From the pressure measurements obtalned from p

-~

'the dlSCS, he was able to calculate 1n-v1vo the amount of force

]actlng across th& dlsc.a

‘ .



. f:Thelr results showed that in the uprlght srttlng posrtlon w1th no
isupport the load taken through the Ll dlsk 1s approxrmately three _
 times the body welght above the L1 1!%e1 In a 70 kg man thlS is _”

"a"‘approxlmately 1400 Newtons In the standlng posture the force taken;fb~7

| L@lgh the d-rsc 15 actually less by ab0ut 3% and was measured at

.f’

’ b"flapprox1mately lOOO Newtons. The reason for thls drop in load is -l‘/T'

: v o
‘ ftwofold Flrstly, the psoas muscle and other muscles 35}109 on the

.lumbar vertebra are more. actrve 1n the srttlng posture than 1n the/

i

o'kstandlng posture, and secondly, the supported welght is centered

. nearer the dlSCS when standlng When lylng in the lateral decub; us vl L
posrtlon 50% less load 1s taken through the drscs than 1n the Sl t1ng
posr n (approx1mately 700 Newtons) When anaesthetlzed thls:lbad

féfi«;f v.‘? o YTY “ ‘5.‘17T | /‘ngg.

drops dbwn to, 200 Newt

Whenvsitting:forwaT T exed appro%rmately 20° the load increa es
from 1400 to 1900 Newtons, and 1f 20 kg total weight 1s carr1 d in o
the hands whrle 31tt1ng and bendlng forward this force increa es to 3"
2700 Newtons The flgures for standlng w1th and w1thout wei ts are
1450 and. 2150 Newtons respEctlvely Fbsner (177) tested elg teen A
functlonal splnal unlts of human lumbar vertebra in-vrtro.' The idea ;
of hls experlment was to assess the effects of dividing varlous ;

?»‘_
llgaments Based on Nachemson S, work Posner used appropriate

VS

pre-loads and added 1oads to the pre-load to 1mitate the loads taken
durlng bendlng Starting at the baseline pre¢load level he increased

the load slowly to reach the maximum loed which represented maximum

S, A



- “jfle;!!' and then waited four mlnutes at thlS level before maklng any &&

.-measurements He then reduced the load down to the pre—load level and
agaln waited four mlnutes to allgw for the creep before maklng
‘:measurements. ,l" - | t . ' |

g?\h .
Nachemson (162) in a dlfferent study used fortyetwo fresh humanb
cadaver lumbar splne motlon segments to compare age, disk
degeneratlon,\sex, and the splnal level of different motlon segments
jFor his testlng he used a pre—load of 400 hbwtons and added an
: addltlonal 20, 5 Newton. meter moments in 1ncrements to 1m1tate bendlng
-and torsron Invthls experlment Be only allowed 15 seconds for creep

v ,fto occur after each load 1ncrement but agreed that a longer perlod of.

; 5
F'/’

tlme is necessary Lln (141) 1nvest1gated the rate of loadlng and -
concluded that a- rate of loadlng of up to-0. 5 1nches per mlnute gh
vunlversai testrng machlnes glves srmllar load deformatlon curves
.; However loadlng at a rate greater than 0.5 1nch3:§per minute results
in dlfferent load deformatlon curves. " He used what he descrlbed as
phy51ologrcal ‘loads for his tes- ing. Thls 1ncluded aas Newtons, 899
heWton%?and l 334 hbw.dns of aetual loaing and 45 hbwton 1ncrements
~up to a total of .35 Newtons of sheer force He concluded agaln that v
Cif loadlng OC(yg's” slowly, the creep +hat occurs is less than lG% te .
' also tested tSe' spinal segments to fallure Mnlch occurred at between
1500 and SSCD Newtons with plastlc deformat_on occurrlng Just prior to
.fallure PaoJabl (172) used what he described as physrologlcaloloads

":whlch were a pre-Ioad of 250 Newtons witr the addltlon of 15 Newton

NS



B g‘meter moments Wlth tlme allowed for ereep to occur“ An a separate l} :;d-i.'
| .'artlcle (170) he ag‘ip commented on the usefulness of pre-loads tbrley'
v:states that in a 70 kg man&the pre-load would vary from 250 Newtons 1n .
a suplne pos1t10n to up to lSOO»Ngitons 1n a 51tt1ng p051tion, again, ' -‘,géj
f?'y;31mllar to Nachemson s work.ﬂ%FanJabl used pre-load of. 400 Newtons and o
: \\\l 000 Newtons to represent the *;’pﬁ and 51tt1ng posture and then
‘ added addltlonal loadabon top EZIﬂﬁlng three mlnutes for creepvbefore
each readlng.; In yet another one of hlS artlcles (169) he agaln ‘f
descrlbes the creep that occurs and allows four mlnutes for thlS to '
- occur be’r‘ore making the flnal readlng i |
y Jacobs (113) clalms that as much ‘as 80 Newton meter moments may be :"1t})='
taken by the T ll 12 reglon durlng forward bendlng to 90° ) Krag

___._.a—

(133) on’ the other hand glves flve reasons why 1t is unllkely to be _’l»ltl

o

greater than 12 Newton meters

. g
Included for 1nterest sake is ‘the work of Granhed et al (85) who

.,,o

calculated the loads taken through the lumbar splne i powig wgight

oo u-j7 R ;vfaﬁ;——*f$§‘,.

llfters In’ there most extreme example they caloulated that the total o
3 .

'5zv‘load on the L3 vertebra occurrlng when a 90kg man llfts 335kg is 'f

. . s @ . e P"-
. 36 400 Newtons ' S 'fd W

S
¥

Schultz and co-workers (12 197 198 199) have devised a mathematical

) model for studying the lumbar splne Thelr model 1s based on cadaver

)

"_3’33 .
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' loads on the human lumbar sprne, and thelr results are comparable to

'“» 1n~V1vo values. :

“”-From thls brlef rev1ew 1t seems that most workers are 1n agreement

that s pfe-load is essentlal for any type of 1n-v1tro testlng whlch is

.dESlghed to mlmlc 1n-v1vo loads : The pre-load at the Ll level has

-‘481_"

”7Hbeen deflned and conflrmed by more than one worker, and the addltlonal |

~ load necessary to ;epresent varlous act1v1t1es have also been
) + '..

| estimated us1ng in vivo and 1n v1tro tests and from mathematlcal )

models ' _.f

. NORMAL MOTION AT VERTEBRAL LEVELS -~

‘ . ! I o e T e
'-In-v1vo and in v1tro measurements of'vertebral motlon at
- C

' ‘levels have been performed and reported 1n the literature over the
llast two decades (l 12 43 89 113 163 173 lggi'QBB 230). The
‘pmost rellable method appears to be blplanar radfhﬁpgy?%nd*uﬁlngnthls‘

: Litechnlque the normal motion at the lumbar vertebtal lem g

9

a'extensron appears to be a 14 arc w1th flexlon b%lng sllghtly more -

' than extensron., 1he max imum ax1al rotatlon occbrrlng at the Ll 2
r. .;\ )

i

: level is.2° and the maxlmum anterlor posterlor translatlon 1s 2 mm. j"

'Lateral bendlng to a: maxlmum of‘lO can occur. The method of

blplanar rad10109y used to make these estimatlons is accurate to

Al .

o : = - N '7;\}{,)
e specrflcally between Ll and L2 1s as follows.; Tne gnaxmum flexron '.*m\,-

Y
S &

N



'1'49.1-;_
E 7-w1th1n less than two mllllmeters for translaflons, and two degrees for 5 .
ﬁ,rotatlons }
L e o

.<—  "m - '.. » o =

‘ThlS technlque also demonstrated the coupllng whlch occurs durlng

h‘tsplnal motlon It was shown that lateral bendlng is always assoc1ated y
- .‘Wlth exten51on and ax1al rotatlon flex1on and extens1on are | -

- 'ass001ated w1th m1n1mal axlal rotatlon ‘and lateral bendlng only, and '

- ax1a1 rotatlon to the rlght 1s accompanled by lateral bendlng to tht},"”
Zleft and v1ce versa. | | . v |
8 _ S _ > ' o I - B
> %py moti@n'at the vertebr evel Ll 2 of greater than these . o
yparameters 1n-v1vo 1s due to 1nstab111ty Thls leads to the |

Vii,deflnltlons avallable for 1nstab111ty (63 70 71 176 177) Poag -

!'(176) descrlbed 1nstab111ty as- loss of stlffness Stlffness belng thex,”“'

“.ratlo of load applled and motlon that occurs Frymoyer (71) referred

' :to segmental 1nstab111ty as loss of motlon segment stlffness such that
stforce appllcatlon to the motlon segment w1ll produce greater
-Idlsplacements than would pccur in a normal structure Frlberg (70)
'a;deflnes 1nstab111ty as- "a cond;tlon 1n whlch in the absence of a new B
"1nJury, a physrologlcal load 1nduces abnormally large deformatlons at

F
" the 1ntervertebral dlSC" . i

-Cllnlcal 1nstab111ty as descrlbed in thexarticle by Posner (177) ‘was
'7“prev1ously defined by Whlte and Fanjabl as "the loss of the abillty of

‘vthe splne under physiologlcal loads to malntain relationships between
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- due to structural changes"'

: after a nrght's sleep These changes can.bé&accounted for by-vv

.50

-

.rvertebra in. such a way that there 1s nelther 1n1t1al damage nor d
’:subsequent 1rr1tatron of the splnal cord or nerve roots, and in

:-'additlon there 1s no development of 1ncaoac1tat1ng deformlty or paln:

s :

'It seems loglcal that at a soe01flc level any motlon 1n excess of

fthe maximum described is due to 1nstab111ty The alelty to prevent

V

:~~»'or correct thls 1nstablllty would be- useful when comparlng flxatlon ‘.'

\;

-g,devices blomechanlcally f :“ . i:_'g - :‘ ..bi

PR

\ -

~Dlurnal varlatlons in the stresses on the lumbar spwne due to posture

can’ cause: changes 1n the max1mum range of movement at varlous S

“~levels Adams et al (1) showed that the max1mum range of motlon at

Tt TN

'Jvarlous vertebral levels is 1ncreased ‘in relatlon to the t1me spent in

uf the uprlgnt posture , The mOblllty is least on rlslng in the mornlng

tlmeedependent behavlor, W o H. EEE "’fﬁ[

3. TIME DEPENDENT BEHAVIOUR
o

..“,<"

3

Although tlne 1ndependence is a: satlsfactory approxrmatlon to the

behav1or oﬁ*structural materlals 1n the maJorlty of engrneerlng '

»

- applrcatfons, there are'an apprecrable number of exceptlons., Creep,'



: SRR ) | _,;;f.f*_;:_s»;51'?
| “the channnbln ulmen51on w1th tlme at a glven load and relaxatlon, the‘gﬁ
"loss of stress wlth tlme at a glven deformatlon, are two of the-

ffmanlfestatlons of tlme effects (48)

“-Creep varles dependlng on the propertles of the substance tested but:
:there are three phases to it. The flrst phase 1s characterrzed by a _

"3.relat1very fast rate of change of straln, and occurs soon after the

‘,load is applled The second phase the "steady-state creep" follows

| and can contrnue for long perlods If the level of stress is hrgh

.‘enough the creep rate eventually 1ndreases agaln and. fallure may.
occur. | b
In a blomechanrcal model creep can be srgnlflcant and can be

Qdemonstrated by applxrng a;ponstant load to a spine, and measurrng the}
deformatlon which occurs w1th t1me t can be shown that for a perlod
of trme after appllcatlon of‘the forc e dlsplacement w1ll change r~‘l' :
Asliohtly Pangabl (169) has shown that 4 mlnutes after the t :;'
applrcatlon of a load the dlsplacement 1s at 97% of 1ts flnal Value
:Other worker s (161 162) also belreve that creep 1s ‘a srgnrfloant
fproblem and therefore that any loadlng should be done slowly and time
_ should be a110w d hefore measurements are made to allow for the creep

: to OCGur.

e

| The rate of crqu barles for all materials and it is necessary to

av-determlne how much occurs, and’ when it is completed to enable accurate

: flﬁ.\



:.load agpllcatlons to aIlow for creep to occur, and the - tlme between X

'"'7{~1oad appllcatlogﬁvcaq?not beidetermlned untll creep ‘has been

e

Loee

‘;j of dat? For any sg;nal madel creep should be deflned

’before blomechanlcal testlﬁﬁ 1s performed Wlth thls in mind it w1ll

'}';be seen that repeated testlng should &llow’ suff1c1ent time between

s J"

L

2

.‘ .
It as. also been demonstrated that /ep “can be B
U A

“1n$1ueng§daoy themsate at; whlch a.load is applled (1a1) It is

’recommended that loads be applled slowly to mlnlmlze these effects

B "‘

The.olinical“signtticance-of creep has been'described_by Adams et al

(1) and is mentioned above.

4. STATIC VERSUS EYCLICAL. TESTING

' PanJabl (171) descrlbed,three methods’ for blomechanlcally testlng

1mplants -Ain a sp1na1 model Loadlng to fajéure tests the strength of

an 1mplant and is a statlc test Cycllcal 1oad1ng to fallure 1s a .‘f'
v ?
fatlgue test ‘and stablllty is tested by applylng phy51ologlcal loads

: and measurlng motlon which occurs, _re belleves that the latter method -

is best. . . '_ IR a’
. t / . ' . . .

':Statlc testlng to failure determlnes the strength of the 1mplant

system but 1s not related to its effectlveness under phy51ologlcal

o,

KRR



Yo e I D ;_'5, o

-

"fﬁ loads. Cycllc testlng 1mp11es repeated testlng at hlgh rates and may o

‘prove to be useful in testlng 1mplants partlcularly to.assess

‘r;j:loosenlng and fatlgue fallure but it is. not phy51ologlca1 Statlc

'testlng usrng physiploglcal loads asiejfs% the rlgldlty of the system, ‘fhv
and 1f done repeatedly the effects 0 time dependent behav1oug.can be 5‘//}

s

‘ ‘greatly reduced o j» o SR K S _\;.-
,'._The 1n1t1al publlshed work on splnal testrng 1nvolved ctatJ.c testlng
.to fallure Splnal models were 1nstrumented, placed in a tesf1ng-

machlne loads were applled and the p01nt of" fallure of elther the

S splne or the 1nstrumentat10n system was the end p01nt of the test.

:Methods of flaatlon were compared u51ng thlg-technlque and 1t appeared
O
that the 1n\§?tro results were comparable t§71n-v1vo f1nd1ngs of

1nstrument failure (45)

The next loglcal stage after testlng to'fallure was to test to »
’*sub fallure and measure dlsplacement at the fracture 51de in an effort
‘ to,compare varlous'flxatlon dev1ces,.and folldwing’on.from this
- repetitive testlng'with.physiological loads has been advocated. i ": K {fT
‘\ -

"Insuff1c1ent data 1s avallable on cycllc testlng of spinal 1mplants,;yl'
" but-it ~appears that the term “cyclic testlng" is. sometimes ug;d in,.:

3 error to des@rlbe static repetitive testing

« - X o ».- e ‘-".

o R ‘ o
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| sy
"In‘summary, each klnd of test may have some valldlty, but each test

| has a dlfferent obJectlve Loadlng to fallure is an un-phy51ologlcal
~test wh1ch Uses an. overload 51tuat10n tg determlne time ‘mode of

':fallure of an.lmplant Cyclrc testlng determlnes loosenlng, add
‘fatlgue fallure but is also un-phy51ologlcal due to the rapld rate g;

_ cycllng and the number of cycles usedy Statlc loadlng u51ng |
phy51ologlcal loads allows the flexlblllty and rlgldlty of a. system to

: be evaluated and by measurlng local motion at a. fracture 51te the o

effectlveness of a flxatlon dev1ce can be assessed

e .
3

Ds WHAT CONSIDERATION OF THESE FACTORS SHOULD Bt MADE TO ALLOW TESTING

:OF A‘SPINE WITH A FRACTURE THAT HAS BEEN INSTRUMENTED ?

,"*’.L;Jhls,chapter has descrlbed the estlmated loads at varlous vertebral

?d:levels durlng certain act1v1t1es ‘the. normal amount of motlon present

| I*Iat these levels and the effects of time: dependent behav1our as

7‘v4¢nsystems or thelr ablllty to affect motlon at normal ven&ebral lbvels

| f[ﬁassessed in v1tro. The load sharlng nature of various 1nstrumentatrqn;
”;have not been detalled in the published llterature ' S

Assessment of tlme dependent behav1our can be calculated for an
1nstrumented spine in vitro, but thls w1ll be. dlfferent from that -

which oceurs rﬁvvlvo.
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' thls creep w1ll be to subJeot 1nstrumentat10n systems to sllghtly ’

‘for in v1tro testlng

It 1s knqyn that creep and relaxatlon occur 1n v1voé§thls is ea51ly

- 4
s

fdemonstrated by the dlurnal varlatlon in helght of an average human

Creep, loss 1n helght occurs durlng the. time that a person 1s uprlght.y

due mostly to the 1ntervertebral dlSCS looslng h819ht The effect of

)
1ncrea51ng loads durlng the time the person is uprlght

-Dove demonstrated that to produce a certaln deformatlon in a splne'

that kad been 1nstrumented in v1vo requ1red a hlgher load than to

produce the same effect when 1nstfumented in v1tro. lhls suggests

< ‘

that the physrologlcal loads descrlbed above may be too large 1f used :

'In summary there is a lack 6f data relatlng to the’ blomechanlcal

effects of 1nstrumentatlon systems in vivo.
£ . -’

e
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REVIEW OF SPINAL FRACTLRE MODELS USED FOR IN VITRO TESTING

THE SPINAL FRACTURE MODEL L f I v.}j': .
When selectlng a splnal fracture model for blomechanlcal testlng, as o

many varlables as p0551ble must be excluded to enable rellable x
1nterpretatlon of results , To exclude varlables there are two maln '
topics which need to be addressed ' These are the ch01ce of splne and

S
the creatlon of a fracture in the splne. o

(1) TYPE OF SPINE

Three ba31c splnal models can-be employed for 1n-v1tro testlng a

¢

human splne an anlmal spme Or an art1f1c1al splne ?&one of

,these‘has 1ts advocates in‘the llterature. To‘perform" rlson |
: blomechanlcal tests 1t 1s necessary to have more than one splne and
1deally an. endless supply should be avallable Each of these splnes S .
should come ﬁrom 8 homogenous group of 1nd1v1duals ‘either humans or
anlmals They should be the same age, sex, helght and welght and
ould be dlsease free. The splnes should be removed 1n a 51m11ar‘
manner w1th the same amount of soft tissue on each spec1men, and they ji

should be stored in the same way. Cbndltlons of testlng should be '

1dentrcal in regard to temperature and humldlty



: f£;57'g

In practlcal terms 1t is. 1mp0551ble to get such a group. of human

splnes and for thls reason sheep, plg and cow splnes have been used.

The thlI‘d alternatlve is: al‘tlflClal splnes

PR
<

A rev.lew of the llterature shows that plany workers have used human

’ﬁf;‘v, cadaVer Sp;nes 1n thexr wonkﬁrls 27 52,65, 78 79, 113 134, 152,

Q"\.‘> ’

15},.{.1@, 180’ 202) The problem w,lth thls is. the unavoldable

é‘if?feren,ce 1n age, sex he,1ght,‘ and welght (160) The possmlllty of

« ;uhderlvm% "dlseases SUCh as osteopor051s (96), and mallgnahcy, and the SR
’ w8 e e Ntk LS =
s presence or absenc:e of embalmlng whlch has. been shown by, Evans (59) to .
. vaf"r‘ects the results o’r‘ blomechanlcal testmg * Y _
x ‘, v—' ;‘,';‘,.. . . - ‘, . Lo ry c' Y

To obtaln a more homogeneou;s pop,ulétlon of’ splnes some workers have

| \used bovme splnes usually ﬁrom ca;”ves six to e1ght Weeks old (28 49 |

47

S

103 107 116 156, 185, 22;, 229) whlle others ust sow splnes (24 o
} . . D e

: . .0: a0
7 y
K - F

158 3:64 223)

& e o ,ﬁ“_..
pe

[ .
: .

There 1s ev1dence that 1mmature spines may shear, at the growth plates

’ aff‘ectlng the results of the bJ.omechanical tests‘ (159) It is Rnown

';that the growth plate ‘of . the calf 1§ bony whereas that of the human is

. cartllaglnous (87) and there are also sof‘t tissue dlfferences between

1,. -

' _,anlmal and human splnes. For example, ‘e anterlor longitudinal g

- ._llgament of the calf spme is sz.gnif.icantly weaker than the humanf‘f_"'

i S

o (73) There are few dlrect comparlsons in the literature between"

L t s .
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‘model 1n1t1ally and ‘then repeated them on a human cadaver and found

Y -

i .
3,

~animal and human splnes (29, 45 73 87 159) but blomechanlcal tests '

'u51ng anlmalcmodels have been “shown to produce results very 51mllar to

&

'those in humans (45) d- o j;f;%ﬁf‘_;

P

'@.A

Other researchers have 1nstrumented llve dogs and’ then slaughtered

=them and tested the spines (ll7)

- Plastlc splne models have been descrlbed 1n the llterature (66 l79)

~These were developed because of the Teasons glven ‘above,. namely that a ,f

I

,homogenous populatlon of “human’ splnes is almost 1mposs1ble to obtaln.:':

- Interestingly one worker (179) performed tests on a plastlc splnal

- the results to be. 51mllar suggestlng that plastic models may be useful.

Ideally a homogenous populatlon ‘of human splnes should be used for

testing. Due to the 1nab111ty o obtain these, 1t is reasonable to

- use animal models. When choosrng an animal model con51derat10n

should be glven to problems associated with the use of immature
vertebrae The use of plastlc spinal ‘models is relatlvely‘expensive‘

and'unphysiological,




/ -
e many srmllarltles i physrology and. gross and microscoplc'a?g
'f_ between swlne and humans have resulted in the w1despread use of g ]

':,in,medlcal and biomediical tralnlng and research The current :

. o . ) : ! Q.,,‘“‘ iA '
: _BIOMECHANICAL TES'VING o : o o v i’? PR

1nd1catlons are that the plg is best su1ted of any of the domestlcated

anlmals for such purposes (81)".

The above statement was publlshed by the late Robert Getty who was the ;l‘f

| dlstlngurshed professor and head of the Department of Veterlnary

Anatomy, IOwa State Unlver51ty Another srmrlarlty between the plg

‘ and the human is -in the taste. Thls dates back to the tlme of o

'.cannlbalrsm when' humans where referred to as "blg‘plgs" due to’ the

- srmllarlty in taste (193) o ’5' 7‘l -

L

- The plg is a quadrlped and therefore the curvature of the splne is:

b dlfferent from that of the human. 1In the plg splne there 1s a falrly

-

mstralght cerv1cal compgnent w1th a gentle kyphosrs throughout the

‘ thoracrc and lumbar area. The bov1ne sp1ne is’ a simrlar shape. The

upright posture of the human has resulted 1n~the development of a.

lordotic cervrcal splne, a kyphotlc thoracic splne, and a lordotic

' lumbar‘splne

e : u ’ . PR - ’ r’”"‘
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_ The gently kyphotlc splne of the quadrlped has recelved much attentlon o
llnln the literature (7 8, 88) It is concluded that the bow and strlng»
fitheory is the most llkely explanatlon of the curvature ' Thls theory
states that the body axis consist of a serles of rigid elements
(vertebrae) whlch together with the 1ntervertebral discs form a bow
with varlable curvature The curvature is momentarlly stablllzed by
the 1ntr1n51c llgaments of the vertebral column, ThlS can be varied .
by the actlon of three serles of muscular "strlngs" w1th adJustable
ttensron There are three layers of strlngs The flrstgare the |
- posterior parasplnal muscles which by contracting tend to straightenv
'the bow. The second are the 1nterrupted portion of the ventral strlng,.
| 1nclud;ng the longls cathls longis CO‘Fl; and the psoas. The final

string is the unlnterrupted strlng com sing.the anterior abdominal

wall and. including the- obllque transve and straight abdominal'

.

- muscles. Wlth the 1nteractlon of these ‘ cles the splne has kept 1ts

‘kyphotic curvature even when the anlmal is _tandlng

~

‘j

Although the llgaments play some part in the malntenance of the gentle -
kyphotlc spine of quadrlpeds, they do not play as great a part as the
surroundlng musculature It has also been stated that the sow sp1ne

‘can be stralghtened if the anterlor abdomlnal wall muscles are cut (8).

Cotterlll et al (29) publlshed a paper on the comparlson of -human and
A
bovine thoracolumbar splnes This was basedlon the anatomical

P ' ‘



»dlssectlon and radrography of ten human and bov1ne splnes. They

concluded that 1t 1s necessary to use 51x to erght week old bovine -

'spines to obtain vertebrae 51m11ar in size to correspondlng human -

vertebrae The us%;of 1mmature vertebrae can be assoc1ated w1th

shearing of the growth plate and 1t would seem: that a mature anlmal

r

is preferable as long as the vertebral dlmen51ons are srmllar to ‘those

of. the human

’

D C . - - . o

W

(2) TYPE OF FRACTRE -~ R

Do . “

Productlon of a reproducrble unstable fracture for use in :

'blomechanlcal testlng has not recelved suff1c1ent attentlon in the

-

h‘llterature _ There are many reports whlch deal with testlng of splnal

1mplants in fracture models (16, 28, 49, 66 73 78, 79 113 134,

| ‘136, 152 153 159, 180, l92 208 227) but. only a few of these glve

details of the exact mechanlsm of creatlon of the fracture and none

of these papers specrfy a parameter whlch conflrms reproduc1b111ty

In' some: 1nstances the "fracture" is nothlng more. than a gap between

- two. segments of an artlculated splne (16, 49, 66, 159) One worker

_ descrlbed a fracture ‘created by drsruptlng the posterlor llgaments and

et

testlng the spine to fallure in flex1on w1th axial loading, but

'.fallure occurred through the dlsk not. bone: (180)

'A closer look at some of the 1ngen10us methods described for producing

' experlmental "fractures" reveals a lack of reproducibility Stauffer o
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(208) 1nc1sed the posterlor llgaments and the lrgamentum flavum and

R the superlor facet JOlntS of Ll vertebrae and applled a flex1on

'rotatlon force untll an obllque fracture OCCurred through the body of
the Ll vertebrae At this- p01nt the testlng was stopped qu1ckly
before the: anterlor longltudlnal llgament also ruptured : This was’
performed on twenty preserved cadaver splnes w1th productlon of a

':~almllar fracture in each case Unfortunately there was:no mentlon of

the loads (1nclud1ng range) necessary’ to produce the fracture and no

x-rays to. show the homogenelty of the fracture Cacobs (113) was able -

to produce three dlfferent types of fractures 1n vertebrae He-

PR

described an 1nJury in which the posterlor llgaments were d1v1ded and

S an osteotomy was then performed through the vertebral body w1th

preservatlon of the anterior longltudlnal llgament 1hls fracture was o

.created purely by the use of a knife and osteotome and w1thout any
loads belng applred For his anterlor 1nJury he used an osteotome to
produce a commlnuted fracture of the body agaln preserv1ng the -
anterlor longltudlnal llgament and for comblned 1nJury he comblned his
‘posterlor and hlS anterlor 1nJury produc1ng an unstable splne Once
again thEIe was.no actual force applled to the vertebrae to produce

" the fracture The fracture was created purely u51ng surglcal

2

54 \t
. : Lo
' .

<1nstruments.

o - Dl
: Galnes (73) produced an’ experlmentaL Sllﬁe fracture although detalls

I

were not given.’ McAfee (153) dropped a l wton welght a dlstance

of l 6 meters on to the top of a splne having prev1ously created a



fstress rlser by making multlple osteotomy cuts at the level to be |
'fractured He clalms to’ be able to reproduce a fracture but hlS
.uplnes came from twenty-flve cadavers varying 1n age from elghteen to -
' nlnety—one Three of the splnes were embalmed and the other

“ . - o m
'twenty—two were fresh frozen R S

-Gepsteln (78) created an Ll burst fracture bybdrilling holes 1nto the
body of. the vertebra to be. fractured dlsrupted the supra-spinous '
e.llgaments and ligamentum flavum, and loaded them to fallure
Insufficient data was given in his paper to fully establish that the e
fracture was reproduclble , T ﬁ" -

. . . s ) .
~. ‘ Sl o o .- » X

RN

' Cdtterll} et al (28) in Toronto are able to create a reproducrble
burst fracture but the method is rg%her laborious’ and messy Immature s
calf splnes were used on which stress risers were created at be

iappropriate level . The spines were mounted. in en' caps of rrubend .

. metal which in turn were placed in metal cups, wr _ed_'n saran wrap,
plaster of paris, a sewer pipe and more plaster of parls and when this
.+ 1is finished a 32 kg welght is dropped 1.55 meters onto the splne ,:
causrng 1t to fail | |
>In total contrast Lav01e et\g?'in Edmonton dev1sed a method in which
»an fnterlor defect is precisely made in a single lumbar vertebra which
' 1s‘then loaded to failure ina universal testing machine using ) |
su1tab1e end caps ‘and a compressive force This rather simple me:hod

prod’ced an identical fracture in every case Thevload necessary to

b



o

. L. . i . . . . . ) . _._.'.c‘A

:produce the'fracture5mas similar;:and-the'disolaCements'of~the~ .

e

vvvertebrae anterlorly whlch occurred at the tlme of fallure were also_'

"compatlble (136) The fracture produced 1nvolved‘three columns and

of 1nJury descrlbed in the. lJt ture ( 2), Modlﬁrcatlon of thls

was therefore unstable. Durlng CIEathﬁ of the fracture cnmo

,

forces occur anterlorly w1th dlstractlon forces posterlorly w1th the

—fulcrum in the mlddle column. ThlS 1s in keeplng w1th the mechanrsm

L . Qg

. »

technlque for appllcatron 1n segmented vertebrae is descrlbed later rn

Lo . ¢
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:'_,-RESULTS.OF IN-VITRO TEs_.T”ING :j _’ o

'vIn order to/blomechanlcally test splnal 1mplants, a rellable and . _ T
] } : e .
A accurate testing system must be. used Thls'should 1nclude a su1table , ‘,f,ﬁ_

4'sp1nal model as prev1ously descrlbed .a method of applylng loads to

'the splne and a valld ba51s for eomparlng the implants
To enableég better understandlng of the crlthue a rev1ew of the - '?
methods used to apply loads to the splne and the measurements whlch

jve been used to comp Te: the 1mplants is presented

. J ‘ )

* APPLICATION OF LOADS

i,Appllcatlon ofolqads for‘blom%chanlcal testlng requrres the' use of an
-}-‘ .

'1-,

""End Cap" whlch flrmly attaches to.the enU'verte ’of‘a splnal test

- 5:_ffsegmeqt and allows the transmlssion of force frdm?a.loadlng dev e to-
vthe splne 1n a rellable repeatable and pre01se manner ;g‘” ;{;;.»'? i

< . A
. o . L . .' v
as Y N .

,Although the llterature is full of blomechanlcal splnal testlng -,'];fﬁ"”u

'l E fprocedures, there is'a sad lack of publlshéd data on end:Sap design
7'*)'f7;>5 Most workers have h 1 ~ther an encapsulati ;;'ethod with elther <?; B
o ) . ’ L
-~ ﬁzi ; polymer whlch sets glving flrm attachment (78 261, 162 164 e

fiag qp 219) oi: low meltlng p01nt metal (28) or metal deyioes*suom aS'pi{_;{;:”
.\ W : o ¥ .:'_} o -\ \\7 ~ ‘ ' ..'A ‘* S B
W S : B
L L Ty o N R - «
s bd . 3 M ‘\’.. o ". ',l:v
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L ar. loosenrng 1s used for comparlson.f If statrc téstlng usrng

L 51 - ,_N S ]
- ;5 If statlc testlng to fallure is performeqCDthe measurement used for

. .rodsf(llB,.lGQ), TheSe_methodsghave‘disadVantages which outweigh their -

‘agvantages. -

Cy
'Polymers commonly used are plaster-of-parrs, and polymethyl
e @

_methacrylate Both of- these are exothermlc, and potentlally harmful

;to tlssues Damage caused by the heat may well alter. the propertles |

" of the soft tlS%UeS and affect.gesults. A %pw meltlng p01nt metal has -

“been successfully used" butrat nece531tates the appllbgﬁlon qf heat ;:“

elther dlrectly or 1nd1rectly.» Metal rods-or SCrews rely on -
‘penetratlon 1nto the end vertebrae for their flxatlon The damage

' caused will weaken the splne and affect xesults. Systems:with-metal'

'rods and SCTEWS are»excessrvely flex1ble.
_a( g S R e
© BASIS FOR‘COMPARING IMPLANTS .

” ) ‘ . ‘ LS o . . -

~

£
~The evaluatlon of dév1ces used for stabrllzatlon of splnal fractures

can be accomplxshed 1n-v1tro by testlng to fallure uslng statlc or - -

- repetltlve loads or by applylng phy51ologlcal loads an% assessing

. motlon at the fracture srte.f f"-:, = ”i7rj.f , l'x\ ?},A B ;f

‘. -
B

h 4

‘comparlsqg,oﬁ 1mplants is the'load or dlsglacement at’ fallure.. If f

' 7cyc11c testlng 1s performed the number of cycles resultlng in fallure

’\V.‘,
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'phy51ologlcal loads is employed the 1mplants can be as§QEEEd bv he1r :

o
ablllty to prevent movement at the fracture 51te

_ S - . ST _'ﬂ-,ig
' _Based on the assumptlon that tne best measure of effectlveness of

Almplants is- the abrllty to prevent motlon at the fracture 51te durlng

‘ healing, methods of measurlng thls motlon have been developed by

varrous workers Photographlc methods have been successfully

' ‘1employed but thelr accuracy is doubtful (132 158 183)

K transducer capable of measurlng locai motlon was trled by one worker,

'but was crltlcized because it JOlned the two parts of the fractured

\,

vertebra’ together and 1ncreased the stablllty of the fracture (73 75

flxatlon dev1ce (61)

L

- (RITIQUE OF IN-VITRO TESTING OF SPINAL IMPLANTS -

ca : ) - -

Nu} rous;artlcleé have appeared‘in the recent llterature on the

csubqect of 1n-v1tro testlng of splnal 1mplants (4 6 16, 26 30 40

185 194 202,-203r zoa 219, 220 2225 2a?= 227 228 229, 244 v ,'

* o

2@§)h Some of these papers lack detailed deScriptions of in-vftro

‘\,‘

‘\
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. ,.this crrtrtrsm hrs\results are comfarable td others.‘- Cal e

testing methods and can therefore: nit\'be critictzed. - The following is .-

héefeViéw Of'the'methods used,""-“‘
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’ In 1975 Stauffer (208) used cadaver splnes w1th an experlmentally

i

produced fracture to test the WElSS dynamlc compre551on sprlngs, "

>

Harrrngton dlstractlon rods, an Harrington compressron rods 'He"_'
s 5

tested each devrce .to farlure and concluded that the drstractlon rods

falled by‘nfok pull-out whlch 1s in agreement w1th 1n ylvg_flndlngs,

a -

.and fallure of Harrlngton compressron rods occurred due to a

fracture or dlslocatlon below the dev1ce. The Welss sprwngs were

)

b,statlstlcally worse at’ controlllng rotatlon compared to the other

'systems tested Some of the problems w1th hlS experlmentation were

that cadaver sp1n§§ were used wh1ch were not matched for age, sex,'f?

dlsease and osteoporosrs. The art1f1c1al fracture used was created by, -

N

: cuttlng the posterlor llgamentous structures and applyrng a flexlon :7

| "rotatlon force to the vertebrae which resultedarﬁ @ fracture through

_the body obllquely.. Thls was probably not a reproducrble fracture and

».!

_ythere was no. 1nformat10n glven as to the loads necessary to create

farm but thrs is not-necessarlly the 1nstantaneous centre of rotation

> ( [

-}thls fracture.z fe used plaster of parrs end caps to hold the

_vertebrae rn.plaoe and tested to fallure using non-physrologlcai

5 .'

5;loads._ The central axrs of<the splne ‘was used to calculate'the moment

.j" 1}

";y;of the fractures vertebra, and may reSult in 1maccuracres.; Desprte ;7 W;}
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¢ “flarrington rods were”conpared in-vitrG for the reatment of fractured . » -

. J‘Laborde (13A) used both fresh and embalmed cadavers for hls

Co Fhaf_Harrngton compression.rocslwérec{héfstfff““

<,

fsecond anq theft;tanlum'mesh last Testinge

-jperformed in flex1on, extens1on and lateralu 3

6

.-expérlments A three pOlnt loadlng system was used and loads werej>z

|

'applled qu1te qu1ckly resultlng 1n fallure of the splnes w1th1n five;

-

“to flfteen seconds Once fallure had occurred in the splne the N
'_splnes were 1nstrumented u51ng tbrrlngton dlstractlon and compression '

,rods and t1tan1um mesh : Each splne was 1nstrumented u51ng each system

and the systems were always‘applled-in the same order namely the

"Harrlngton dlstractlon rod farst the Harr?~ mp ssion_rod'-ﬁ

R
R
.

L 3

ra

-z‘:-‘strongest and the dlstraction rod had strengths ahdvstlffness in th'!
L i.'_"mld-range No statlstlcal analyszls was, presented but results

'_suggested that the dlstractlbn rod wa; stronger than the compresslon

rod contrary to other results (208) Thls dIscrepancy may be partly

due to: the fact that the Harrlngtod dlstractlon rod was always tested

a N
before thé\ﬂar;lngton compresszon rod“and there may have been some Szvr

,‘..,

embalmed cadavers wh;cp have been sh@iﬁpto produ&e'ditferent results '

e 1n-v1tro 1ﬂlso load appllcatlon durlng fracturing Was applied faster

N

than recommended in- the 11terature (1419'
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Fugcel, in 1981 (180) frodiced an fnteresting Study in‘Which 7
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' 1mmob11121ng the extra segment resulted 1n a 65% stronger flxatlon

L cr1t1c1sm wr!h”hls experlmental technlque is that he agaln used

oL
p

. z 70
i : R - i '._
B vertebrae A statlstlcal comparlson was ma between the L -

' 1mmoblllzatlon of two segments~aboVE’aﬁd below the fracture w1th
;zat

: immobil ion of three segments above and two below He found that

. B
: when tested to failure.: Thls would flt w1th the cllnlcal flndlng of

Jacobs (lll) who found that the pseudoartpr051s rate decreased when ’

—

‘o

thlrteen cadaver splnes whose age varled from f;fty to elghty—one

-

years In: order ‘to create an unstable segment a defect was made

posterlorly at the T12 Lf%EUnctlon and the splnes then tested to

fallure whlch occurred through the dlSC - There was therefore'no

actual bonysanjury. Durlng loadlng of the 1nstrumented splne tlme

‘rods were: re-p051tloned on the same splne at the level above theY>

falled segment allow1ng the same splne to be retested Comparlson of

therlmplants was based on the ferce necessary to produce falluaé and ‘

' ‘dﬁi“?; was measured 1n Newton meters From. the descrlptlon of the loadlng

applled loa.Q causes deformat@n of the splne.. Thls may drastlcally

f affect the 1nterpretatlon of results
: A

S system 1t would appear that the moment arm 1ncreases in length as the )

the rod long fuse short method of 1mmobllrzat10n was used The v\\\\\\g\

)

,;:'3; Nagel.(l63) performed an unlque experlment w1th Flve human bodles._tns:‘lw

- ,v..‘
.

@hclslons were made posterlorIy‘allow1hg access to the thoracolumbar
Q.

Junction Stelgmann plns werei!ﬁ%erted through the dlcles of the Ll

s
. . L we
a‘,,e P e

. -

'

| was not allowed for creep to occur and once fallure had occurred the‘;jb.

4
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";g,f;and L2 vertebrae A transducer was applied between these two levels‘*:*

TS

q-

. :: "
'»{»allowrng motion to be accurately measured The intact human cadavers S

o when then put through a range of mavement, and motion at the Ll 2

'5~gf'level was measured N0rmal range of motion was measured and then N

Y

T
"”progre551ve disruption at this leyel was performed by soft tiésue 4’

o :71nc151ons in to the posterior eleMents spreading slowly.anteriorly..'

‘jOhce an unstable 51tuation had been proddced three different types of
external braces were compared and the Harrlngton rod was compared to
,ASDIDOUS process w1ring Motion at*the Ll 2 vertebral leVel-meésured
' ‘u51ng this technique were very similar to those measured 1n~v1vo USing
' brplanar radiography (43~ 89 173 174 188 230) Criticism—of this
":method lS again related to the fact that the hUman cadavers used were

7of various ages and srzes, and the range of movement that the cadavers '

, fa;'were put through was performed by a laboratory assrstant hysrcally

o ;ﬂlto produce the movements

“'h holB&ng the cadayers w1th no. measurement of the amount f: force used fj

of:Gepstein and Shufflebarger (78 79 202) have\Bsed a fracture model s;_f

0

'Q'produced 1n human vertebrae to test various posterior fixation

' "~dev1ces llnitialIy they tested to failure comparing the Harrington

;tdistraction r?d to the tbtrel Dubousset 1nstrumentation system and

",_Lfo d that the latte; system was statistically twice as strong Their

’ iﬁqllnitial testinp was performed on human vertebrae taken from cadavers :{}f

.ji,a»fof'various ages., A burst fracture was created by drilling holes in

"53;[]the body and applying an axial load at 3 mm per second which is
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Rt faster than the recommended loadrng rate, and no detallsrwere glven as
“ o T - ___:5

":73{;_; to the reproduc1b111ty of the sp1na1 fracture A fdrther crltlclsm is
AL that 1n the 1n1t1al 1nvest1gatlons, testlng was only performed 1n

I '

" ax1al comd?essron and flexion. Also the same splne was used for each o

“
Soowe

",\' system tested yMore recently the same authors (202) have been testlngf*~'

-:\c. the Cotrel Dubousset 1nstrumentatlon system 1n what they descrlbe as a' )
'? seudostatrc cyollc loading. - Agaln in thls experlment the human ‘
rtebrae used were not from a homogenous populatlon the loads used
re not physlologlcal they were applied too rapldly and tlme was not
‘allowed for creep to occur. The term cycllc is technically wrong and
}'should be replaced by repeatatlve Although the- general results ‘were
the same as those found in other centers the small nurher of splnes
' used and the large number of varlables leave thlS researcv open to _
.'crlt1c1sm | | |

R P . o P

McAfee (152 153) compared the Harrrngton dlstractlon rod Harrlngton

’ wrth sublamlnar w1res and the Luque system.- Twenty-two fresh am@’\g

7:‘3 ,; lthree embalmed cadaver spinal segments were used wrth'an age range of 'b T
elghteen to nlnety-one years._ The systems were fractured 1n three -

‘9-:d1fferent ways F1rstl an. ax1a1 pre—logt was applled followed by -

:.f:;_ rotatlon to fallure secondly, E‘"burst fracture“ was created and ‘¢-,"'

-

='tested and thrrdly a "sllce fracture" was used In comparlng these =

oty ~l." \ Lo "‘ ) RN . . _v' 7

- B sf' 1nstrumentatlon systems they found’that-ln’the unstabIe burst ',1‘: ;‘j;}

L fracture, the segmentally w1red Harrrngton system re51sted the ax1a1 e t M'
: compressron the best, and for the sllce fracture w1thout communutlon ﬂ‘,'i

v *
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the Luque'system was the’best. Cr1t1c1sm of thls method is the o

non-homogenous populatlon of splnes ‘with’ a seventy-three year age

'dlfference and the addltlonal varlable of embalmed and unembalmed
bsplnes The second criticism is that the fractures created were not '

: reproduc1ble, and flnally the only testlng performed on each spec1men'

were those.felt to be relevant to the fracture types. One good p01nt

:about this experlment was that they did allow three mlnutes for creep ﬂ}?f'

to occur after each loadlng

..
R

: D'Angelo et al (30) descrlbed thelr experlments on twenty four spines:
_'1nstrumented w1th varlous flxatlon dev1ces and tested repeatetlvely

'Thelr unpubllshed data does not mentlon the fracture creatlon or

“whether dr not hls spines came from a homogenous populatlon :No

3 reason 1s glven for the use of repeatetlve loadlng, and the test ¥ |
’_'descrlbed was a. statlc repetltlve test not a dynamlc cycllc one They s
| y'commented %hat the Luque system when applled to the splne and tested‘. .
': was weaker than the un-instrumented sp1ne had been.' This is likely’lfdfiﬂ i
'Jdue to the fact that the posterlor spinal elements had to be removed”.
.j.from the oalf splne 1n order that the Luque system could be applied,7o‘ =

-'There are too many unanswered questions and varlables in their ierk

'S

,fMunson, and Gaines (73 75, 159) used a Homogenous population of calf
fispines and their fracture although not mechanically produced is ?;’?
A‘hf-certainly reproducible, as they merely remove a two centimqter portl@n
.l'ifrom one segment of the vertebral colunn,v Theﬁ described the usfrof

.-»'.. "'-L,A, . -
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,end caps, and they tested the splne in all six degrees of freedom
. Inltlal work used a transducer for measurlng motion at the- fracture
Sl’but the type of trahsducer used/l_e&to cr1t1c1sm as ‘it Jolned/
together the two portlons of" the fractured vertebrae. 1ney now use a
-travelling m1crosoope to measure accurately the p051t10n of three p1ns.
on each leV°l o; the spine. The p1ns represent the X Y and yA axis of
movement Usrng ‘this system they are able to measure the global
motlon present at the level above and the level below the fracture as
well as at the. fractured level itself. In the experiment they allowed
- three mlnutes for creep to occur before making measurements. The
loads applled durlng testlng were w1th1n the physrologlcal range.
They compared the Steffee plate the Harrlngton with and w1thout
sleeves and w1res and the - Luque rectangle and found that the Steffee ;
system was the best in all 5 modes of loadlng and testlng, namely
ax1a1 compre551on flex1on extenSlon lateral flex1on and tors1on
; They commented that the 1mmature calf splnes used 1n the experlment
had a problem w1th the end plate (159) In ‘one case the immatyre .

ol
o g . \
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vertebral end plg ’@ ‘the cause of the fallure.

"y;!a

Dther have compareétthe v'rious types of ped&cle 'SCTews, presently in ‘[

y ;

-



. than partlally threade ones.

It is. generally accepted that '
: penetration of the anterior cortex of the body is not a good 1dea due

to the close proxlmity of the aorta ‘and vena cava it appears that '
v,

. 80% penetratlon is better than 5% but that the loads necessary. to
. %,

pull out or loosen these sCrews are so great that 1t is unllkely to be'gl

Vencountered in 1n—v1vo conditions It is therefore recommended that -

the screw penetrates a m1n1mum of 50% and a max1mum ofg‘f of the body
of the vertebrae Edwards (55) found that 6. 5 mm cancelléus

self- tapping screws. with a. tapered prox1mal shank were tQp.ldeal SCrew .
'de51gn Zendrick (244, 246) found that 6.5 mm cancellous screws were

:superlor to 4 5 mm-sc .and the full threaded screws were better

on the d‘%ﬁhopment of hﬁs own fixation system anF in.iy he looked very

.closely at the various t)pes of. screw de51gns available 1n order to

- try and flnd an optimum one His findings were that a 6 mm maJor

k. maJor diameter increased the pull” out strength of the screw, and

dlameter screw Wlth a 2 mm pitch and a Buttress tooth pattern was the '
'.1dea1 deszgn.g Transleldt et al (220) concluded ‘that an 1ncreased

¥

1ncreased p1tch 1ncreased the amount of displacement necessary to o
cause failure ~Ashman et al (6) used plastic spines to compare }

) pedicle screws and found the Steffee to be the best

'l

"l _Desplte the criticism of the various methods used for testing ‘of thef 2

”posterior spinal implants, the results published from such testing are

Krag (133) published an excellent paper'-; o



: similar ' In particular th Harrin ton dlstractlon rod affords leés
stablllty when tor51onal loads
ls less stable when axial loads aTe applled (28, 52, 78, 79 113 134,

A;;d 6, 4, 185' 208 223 229) The same artlcles have shown that the
' all e

f of the Harrlngton distraction ‘rod usually occurs due to hook

pull out

@

‘, None of the artlcles have dealt spec1f1cally wlth \ed;cle screw 7
flxatlon dev1ces although many of the artlcles have compared one or
more of these dev1ces to the more conventlonal systems such as the

"Farrlngton and the Luque In each case the pedlcle screw flxatlon .

»

-~ device has been shown to be superlor (103 113 179) e'A ,
. BRI i W
, _1ntroduct10n oF the 55trel Dubousset has resulted in testlng of thls
1nstrumentatlon system also but reports have dealt w1th thls system'
. alone or thlS system compargg to the Farrlngton rods only (79, 11s,

1 202).

e ap llEd compared to the Luque wh1ch'€



e wemu AN
l... i) l‘.. ) . : ‘ “u . . : .. Lo . - | ’ ) |
S e MATERIALS ol o

& D

8 N ) . . . v

' CHOICE OF SPINE FOR IN-VITRO TESTING .

o

The ideal spinal model for: use -in blomechanlcal\testlng of any
flxatlon dev1ce is a homogeno:s pobulatlon of- human splnes. Such a
‘populatlon 1s 1mpossrble to obtarn and this has led to the use of
animal splnes for 1n-v1tro testing. B .
= | s

: .In thls vnveu atlon mauﬁge SOw splnes were used The reasons for

, . s gy g
thls chorce are threefold fir"""' ' ! mal ;s better than an '

immature one/as the unfused¢}'h ;-j fianlmal SplﬂES tend
to shear‘which may‘affec . L Secondly, in

o comparlng the anatomy of ;owan :plne they are as v?

similar if not MmOre:sso t

spines from one source_we e ”"gto.the homogenelty of’v»7;'

'.the;popUlation.

- iHOMOGENEITY OF THE SAMPLE OF PIG SPINES

' jThe SOW, splnes used come from a reasonably homogenous iopulation. - _} ’

)

They were all two year old sows weighlng approxlmately 300 pounds when
L sacrrfrced and they all came from one producer. : The_spines were’ '-‘ _gf

i

_ oE :t;_‘:i‘;;;; 77 »-{{S;HJ' }:,‘T». h h‘t;[ '5»?}]j"?ff,
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“APPENDIX

. rt(‘\

~ TECHNIZAL DATA OF THE'PEDICLE‘éCREW FIXATION DEVICES -
. ) ".. L ‘

- The pedicle'screw flxatlon'devicas evaluated ware of two types;
pedicle screw plates, and pedicle screw rods. Zach of the four

: . L . .
systems is discussed below in detail. s .

w
[$D)
A3
m
=
w

STEFFEE PLATES AND

The S Jteffee system uses 316 LVM stalnless steel in the maqufac;ure of

its implants (A.rd%ed Garp Cleveland, Ohio). The-plates come in

" various sizes, and each has a number of slots in it. The plates used .

in this study are lzcmﬁ in léngth and contain three slotsv Each slot
~is confoured to allow for varlatlons in screw placement yet prov1d1ng
flrmnaiiagﬁment of the screws to the plate The contourlng of the
slots allows screw placement at four mm intervals.

The screws used'ih the system have a major_diamater§af 6.ﬁmﬁ and a
‘minor diameter.of 4.0 mm. lhevscrew pitch is 2.65mm. The screws come -
_ in'QariQus;lengﬁhs but for this study 77mm ébrews were used which have
32mm. of thread available A buttress thread type is used.The
remalnder‘of ‘the screw length consists of a finer thread on whlch
three nuts are placed to allow firmm: attachnent of the screw to the

plate. &

//‘

208



ROY-CAMILLE SYSTEM -

A
7’

VR
This system is made of vitalliu@_(Benoist Girard et cie, Division of
Prizer Hospital Produéts, sffiliate of towmedica International Inc,
_ 3agneux, France). ‘The plates are contoUred to the shape of the sbine,
v'andicome in varioug‘len;ths.v Eaéh_LUmbar plate,used.in this study
contains 10 hoies and Qas cut f:om an 11 hole plate so"that-theholate
length was similar to_the-Steffe. The 10 hdle ﬁlate Used wéé 127 mm

" 1Y
— o

in length. %

The screws usec were 60 mm lona, and tne threaded portion was 56 mm in

.length. The major diameter was 2.6&mm, and the minor was 2.7wm. The

S

screw pitch was 1.3mm in a "V" configuration.

. A.0. FIXATELR INTERNE , )
. Y i ‘ » ~

'fhe\fixatEUf‘interné is made in. Switzerland,‘and constructed of
stainless ‘steel. (A.O./Assogiation'fof the Study of Internal

Fixation. Synfhes Canada Ltd.). It consists of a rod with a maximum -
diameter of &mm which is_threaded onf£Wo edgesI The rods come in
various lengfhs, and for this'studyjthey were cut into iBO,Mm_

lengths. A device allows the screws to be attached to the rods,ét”any

3
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anqlé; ang also allows compression or distractién fo;Fes to bé'aﬁblgvd”
o fhé'spihé:- k | |

| | B X
 The schanz,screws.uséd nave a major.diameter of 5mm, a mingr’diametér.‘ ’
. of L, and a pitch of 1.75%m. .A buttress thread is used. The
threéded portion of the screw is 35mm long, anc after insgrtidﬂ‘th@

shaft 1s cut to the desired length. |

COTREL DUBOUSSET SYSTEM.

This system is madé of ~5TM.F:138 grade 2 stainless steel. (Sofamor
Company, Cedex, Franbé), The rods are &mm ih diamater, and tubular. in
éhape with a criss-cross outer layer.

v
/
L

The screws have a major diameter of Smm, a minor diameter of 3.7mm,
and.a hodifiedl"V" thread with:é pitch.of 3mm. The screws used were
5émm iong with a thread iength ofﬁBan.; Thé top of the screw is - ¥
expanded'i%to a cube shape which hasla'shm‘hole in it to allow the rod
tp be threaded through. The screw is heid onto the rod by.two small

bolts which grip the criss-cross outer layer of the rod.



