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Summary: A biomechanical study was performes compaing the stffnss and
bty f he e evel combination 5l 1od e and rnspecical serew
{CSRPITPS) fation system wih 1hos o hre aterior iabizstion condeucts
hat spanned thr vertebral Jeei: e Srut gafing. polymethyimcchacriste
and antrio Harmngon rod msrumentaton (echmis of Sga a1 ). 41 he
Kanads aneriordevie. The CSRPTPS faaton syien wes 60 compsaed wih
e postrior instrumentation sstems that spanned fe vercbral Jves. Har.
inplon diacion 1o Instrumentaon. segmentals wied Laque rectungular
{nstramentaton, Cotrel Duboussel rinspedicular intrumentaion, Ste
Fanspediclar siews and s, and R, Roy-Camille plies under sonditons of
singl el instabiliy. Th relaie sabiliy ofcach mstromentation stem vas
Compared by mounting the Fatian sitems on clf pine segments contaning
i moton sgments distaliized by complete 13 anieior corpecomics and
L2003 and L3214 snterio dskectomies o st th two-colum sty
found ciically n spine fractures. Mecharical nondestructive cucical estng i
Fotation, vl compresion, and fexion was performd on 12 spines. Al o
hanical s were perfoied on 3 sl servo-contralled MTS 558 Bonix
b moterls s device wilh b Toad el Interericbra disiace.
s bt L2 3nd L4 were confinuously rscorded udlizng an xiensometer
iththe ke dges placed dieely adacent o the L3 compectomy defet during
Tesing Thi iomechanical stady howed that CSRP-TPS rsirumentaton san-
i thee setcbral el couk restors he torional,comprisive. and flexurst
Figdityof the destabied calfpines o that f the ntctcalf spins an provided
e m virostaly than eiher the radiionsl e devel Haringion dacion
Tod or the sesmenally wired Luue rectangust nstrumentaon, The gresiest
{omsionsl gty pcurred with the e Jvel Cotre Dubousel insiumentaton,
e el Steffe plte nd Sew e, and the e evel Ko anieor
evic. I Sxialcomprsson and fexuralSsin.th thrievel CSRP-TFS 35
e provided hxaion comparsbe it the fuc-evl Cotrel Dubouset fmstnic
mentaton,th fv.eve Sefle transpedicuar scew s plate sysem. (he .
TeVel . Roy-Canille pate and s sytem, an h tice el Kaneds amerior
device Satsfactory Ievels of ity can b restored by three-evel CSRP-TPS
{strumentaion under condions of smae el ity n nmsable thorco-
Tunmbar and Tumbar spne ractures. Key Words: Corbination il 70 plate
nd rnspediculr Scre xation sysem—Tharacolumbr e LU
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vertebral mtion scgments s possible. I s especally
important in the rehabilitaton of praplgic paticnts
o minimize atrogenic loss of lumbar mobilty (3
17). Rigid fxation reduces postoperative pain, fcil
tates patient ehabiliation (19), improves neurologic
recovery (14), and promotes bony usion

Five or more vertebral levels (two abave and two
below) are typically involved when using Harrington
distraction rods, the most common mplants in the
treatment of thoracolumbar spine fractares,cither in
their standard configuration (1.2.49,1112) or with
modiications (58,15,15.20). Luque rectangular in-
strumentation or Harrington odssupplemented with
segmental iring methods (22,08) in an atiempt 10
improve fixation sl require five or more vertcbral
levels of atachment o restore adequate Stabilty. De-
spite overall success with these procedures, complica-
tions have arisen as 4 resul of fulures of fxation
and five or more vertebral levels of fixation
(©7.162.

Gurr e al. (15) tested four fve-level poserior in-
strumentation systems that included Harrington dis-
traction rod instrumentation. seementally wired
Luque rectangular instrumentation Cotrel-Dubous-
set transpedicollr instrumentation, and Stefe trans-
pedicular screw and plat instrumentation. They also
evaluated three three-level anteior sabilzation con-
structs that included polymethymethacrylate and
anterior Harrington rod instrumentation (26) [tech-
Dique of Siegal et al. (26)], Kaneda anterior device
instrumentation, and iiae stut grafting on calfspines.
destabilized by corpectomy. Thisstudy demonsirated
hat both postrior ranspedicular screw ysiems were
much more sabic i axal compression, flesion. and
torsion than consentional meihods such as Harring-
ton distraction and Luque rectangular instrumenta.

Recently Chang and Meafee (10) have described a
echnique for reatment of unsiable tharacolumbar
spinal fractures using & combination spinal rod-plate
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and ranspedicula screw (CSRP-TPS) system, which
can provide multipl corrective fores fo reduc frac-
tures and can achicve igid fxation with spanning of
only the immediatel adjacent vertebrze of the in-
jury. Fixation i achieved by rigid attschmernt o the
Veriebrae via ranspedicular screws insead of wires
andrigid connections between the componens ofthe
device with specially designed clamps and block
nodes (Fig 1) In this study, the CSRP-TPS system
was compared with five fvelevel posterior insiru.
mentation systems, which included Haringion dis-
traction rod instrumenation, segmentally wired
Luque rectangular rod insirumentation, Colrel-Du-
bouse instrumentation, Steflee plate and screw in-
strumentation, and R. Roy-Camill plate and screw
system, and three three-level anteror stabilization
constructs, which included polymethylmethacrylate
‘and anterior Harrington rod, Kaneda anerior device.
and fliac strut graf, to determine if the three-evel
CSRP-TPS system can achieve adequate sability
under conditions of single-level instablityin unstable
thoracolumbar spine ractures.
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MATERIALS AND METHODS

Biomechanical tess were performed on 12 fiesh
lumbar spines from calvs. The spines, which were
obtained from 4 local abatorr, were simila in size
and age. The entire spine and pelvis were harvested
from 1-month-old bull cales that weighed 495520
N, and they were immediately frozen in double-
hickness plstc bags at —20°C. Jus before estng.
the specimens were thawed 10 foom temperature.
“The surrounding sof tissue and muscle were dis-
sected offthe lumbar spine and sicrum with care 1o
preserve bone and spinal ligaments. Each specimen
Was mounted with crossed transfixing Steinmann
pins and polyeste resin at the firs lombar evel supe-
Forly and the frst sacral level infeiory. This lef six
mobile inervertebral disks and five lumibar veriebrac
between the fvation jigs. The specimens were kept
moist with saline during testing, the toaltime of pre-
paring and testing the specimens never exceeding 3 h

Al st were performed an a biaxial servo-con.
rolled MTS 853 Bionix hydraulic materials tesing
device with a biaxial load cell. All nondesiructive

TABLE 1. Torsional ity ofsinal constucts (global analss of vrian, F ~ 140,p < 0.001)
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tests were performed using a 10-s ramp loading that
was repeated for five cycles. Axial load, exensometer
output, axial geip displacerment, torque, and ip ro-
tation were recorded through an analogto-digital
converter (o an IBM XT computer. Data were re-
corded at a sampling frequency of 10 Hz throughout
tsting.

“The same testing design and sequence were fol-
Towed as in the prior study analyzing destabilizing
corpectomies and diskectomics in 2 clf spine model
(15). 10 axial compression testing, these specimens
were subjected 10 axial displacement with Ioads of
100 N. I displacements remained within acceptable
limit, the load was increased 10 500 N axial load.
The rotational testing was performed using 7.5 Nom
torque. Flexion testing was performed using § cm
axial compresive displacement applied t a horizon-
{al rod extending 22 em anteror 1o the irst lumbar
vertebra. The induced axial load was measured at the
load cell at the fist sacral vertebra, and the fesion
moment was caleulated

“The intact spine vas tested frst, A comparable
destabilization procedure was performed on cach
specimen and included a complete L3 anteior cor-
pectomy and L2-13 and L3-L4 anteror diskecto-
mics. The posteror clements were left undisturbed
from the basc ofthe pedicies posterorly. A his point
the stabilization constructs were applied. An extenso-
meter with gauge length 25 + 0.05 mm with 2 strain
runge of +50%/~10% was mounied with knif edes
spanning the L3 corpectomy defect to measure the.
intervertebral displacement between anteror points
on L2 and L4 spanning the ite of desabilzation. All
tifinesses were calculated s the average slope from
the minimum to the maimum load or displacement.
value occurring during any of the five cyeles.

Statsical anaysis was performed using a one-vay
analysis of variance. The Student-Newman-Keuls
(SNK) multiple comparison test was used 10 analyze
@iferences between groups. Homogeneous subsets of
treatments were calculated based on confdence in-
tervals. Treatments, in this case stabilzation con-
structs,comprised he same subset iftheir highest and
Towest mezas did o differ by more than the shorcst
significan range for a subset of that size.

RESULTS
Rotation Testing.

The sesuls of the global analyss of variance for
torsonal rigidity between 10 groups were £ - 140
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and p < 0001 (Table 1; Fig. 2). The homogencous
subset of instrumentation methods that restored the
rotational stabilit o that of the intact spine com-
prised Seffe, Cotrel-Dubousset, and Kaneda, which
were the most rigid constructs. The combincd scs-
mental rod-plate, Siegal, and R. Roy-Camille
methods were the next mos rigid implanis (Table 1)
“The SNK procedure for comparison among means s
listed in Table 1. Combined semental rod-plate
demonsiated greater torsional rigidiy than Harring-
ton distraction rods and segmentally wired Luque.
rectangular instromentation.

Al Compression Testing

“The global analyss of variance for axial compres.
sion testng for 11 groups corpectoms without sabi
lization could be compared) vielded F = 19.8 and p
< 0001 (Table 2 Fig. 3). The homogencous subsct
comprising combination segmental rod-plate, R.
Roy-Canille, Siegal, and intact spine was the most
igid (Table 2). The SNK comparison testng demon-
sirsted the combined segmental rod-late was more
igid than conventional methods (iiac graf alone,
Luque, and Harrington distaction instrumentation)
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and more rigid than Steffe, Corel-Dubousset, and
Kaneda at the p < 0.05 confidence level

“The glabal analysis of variance for axial train be-
tween 10 groups resuled in £ = 129 and p < 0.001
(Table 3 Fig 4). The instrumentation methods that
reduced the axial srain most efficienty at the L3
carpectomy were the R. Roy-Camille, Siegal, com-
bined segmental rod-plte, Cotrel-Dubouset, intact
spine, Stefee, and Kaned (Table 3). The SNK com-
parison testing of longitudinal stain with axial com..
pression loading also demonsiated that combined
segmental rod-plates were more eficien in reducing.
aval srain than conventional methods.

Flexion Testing

“The global analysis of variance for flxion mo-
ments was F = .70 and p < 0.001, and for fesural
sirain the diffeence between groups was even more
sgnifcant, = 26.6 and p < 0001 (Tables 4 and 5;
Fig. 44 and B). The SNK comparison testing re-
vealed the combined segmental rod-plae was more

eficient n reducing flexural strain than conventional
methods. The homogeneous subse tha restored the
Dewural sgidity 0 normal leels and proved o be the
most successfl in minimizing flexural strain com-
prised R_Roy-Camille, Steffe, and Cotel-Dubous-
setinstrumentation, which allinvolved five vertcbral
Jevels of fxation. The Kaned deviee and CSRP-TPS
were the wo most successful instrumentation
methods in flexral Ioadin hat required fxaion of
only three vertebral leves.

DISCUSSION

“There are several advantages of in vitro biome-
chanical testing using bovine spinal segments com.
pared to human cadaverc spines. The quality ofigs-
ments and bane is more consistent,there i ess ana-
tomic variability, there are no occult metastatic
Tesions that alte the biomechanical propertis, calf
spincsare more readily available, and there s n0 dis-
cernibe isk of transmission of the acquired immune
deficiency syndrome virus while working with bovine
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tissue. These biomecharical studies were performed
wsing exelicalloading 10 get greater reproducibilty in
the resuls. We have found that the maximum dis
placement in load measured over repeated cyclical
tests gives more reproducible values than Singe ess,
In additon, raditonally “single load 10 aure tests”
have been performed in spinal biomeshanical stud-
fes. However, catasrophie filue of nstrumentation
is not common in clinicl practice. The mos sensi
tive experimental design is 1o compare the biome.
chanical parameters of several instrumentation sys-
tems tested nondestrucively on the same vertcbral
segment. This offers the advantage of havin the
same experimental control for cach reconsiructive
method.

“This experiment confirmed that echniques mes
suring displacements, loads,or strins at the level of
surgicalintrest are more accurate than siffness mea-
suremens derived from the end vertebral attach-
ments at the spinal fixtion jigs. This benchiap ex.
periment utilizesseveral ssumptions i the artifcial
confguration of the lesion—the L3 corpectomy is
analogous 10 a radical anterior corpectommy decom.
pression of he spinal canal indicated n factures and
tumor decompression. However, it should be viewed
s worse-casestuation. Cinically, with ime there is
a defnite degree of spontancous healin o restabili

zation of the vericbral segment that would occur aftee
instrumentation. The biomechanica tst i this ex.
periment showied the acute diffrences or biome-
chanical characteristicsof the implants only immedi-
atly postoperatvely. The long-term stability or dir
ferences would he expecied to be different: For
example,the Siegal technique using methylmethacry.
late is expected to loosen a the bone.cement inter
face with time, becoming s igid, whereas the tech-
niques using iacstrut grafing n the L3 copectomy
defect would b expected o gain sability with time,
In torsion, axial compression. and flexural testing.
the conventional nstrumentation methods (anterior
iliac bone graft alone, Harrington instrumentation
and Lugue instrumeniation) were not as rigid a the
other devies. In general, posteror instrumentation
methodsled o areater gidity than anterior methods;
but it should be remembered that to achiove this ad-
vantage clnicall. two operative procedures would be
required—an anteror and postrior pinal approsch
for Sieffe instrumentation with an anterior i srut
sraft—whereas reconstruction ith the Kaneda de-
viee and lae graf, for example, would require nly
an anteror approach. In general, the combined se5.
mental rod-plate transpedicula Screw insirumenta.
tion afforded adequate torsional and axial compres-
sive stability. It had less fexural stabilty than
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Cotrel-Dubowset, Sieffee, or R_ Roy-Carill insiu-
mentation sysems in fexural loading. Instrumenta-
tion sysems spanning fe vericbral scgments had o
longer lever arm. Therefore, they demonstrated
rateracute flexural rgidey, bt hi is not necessr.
iy advantageous clnicall.

Minimising the required lenath of ixation in the
operative reatment of thoracalumbar and lumbar
spinal fracturesallow preservation of more vertebral
motion segments and helps (0 reduce the mechanical
causes of back pain after surgery. From a mechanical
Viewpoint  short usion is not strengthened by add-
g s fength. Riid xaton providesspin.injorcd
patients with several advantages. Animal experi-
ments demonstrate improvement in neurologic fe-
cosery for injured cords when the spine is rgidly
ixed (14). For al patients with unsabl spine injury
‘with and without neurological deficis, igid xation
rduces postoperative pain, faclatespatent mobil-
Zation (19), and promoes union. S0 deally the in-
Strumentation used in treaimen of thoracolumbar
and fumbar spine fracturescan firs provide multiple
Corrctive forces 0 achieve anatomic reduction of the

frsctures and second achieve rigid xation with min-
mal leve invalverment

“The connections between the companents of he
deviee and the attachments 1o the vericbrae are
alvays not rigd 50 that the device can generate cor.
rectiv forces effctivel. But it is also because of
these fewer atachments and connestions that th de-
vice must span fve or more verabrac for achicing
adequate sabiity for only onelevl insaily. For
instance, in he most commonly used spinal mplant,
the Hartington rod st the hooks simply push (or
pull)againt ther sttachment sies to rovide corres-
fiv fore to reduce fracture. Because of the absence
ofa iid attachment of ooks o the vertebra and of
ig atachment betwcen hooks and the rods, place.
mentof Harington hooks mor cosey ogether than
five vertbrac fails 1o ahieve adequate stabilzation.
Modifed hooks (5,1520) o scgmental wires (22.28)
eprescat sgnificant mprovements, but flexon/ex-
tension can sl oceur by means of the lamina rout.
ing within the hook or wire loop. This lack of rigid
fiation at the attachment sies of Harrington hooks
or Luque wirs i part of the reason why these im-
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plants also must span ive o more vericbrae for ade-
quate stabiliy. The lower igidity of R. Roy-Camille
instrumentation compared with the thrce other pedi-
cle screw systems (Cotrel-Dubousset, Steffe, and
CSRP) was due 10  les constrained junction be-
toecen the screws and the R. Roy-Camill piates, The
screws could wobble within the holes in the plate,
Whereas these attachments were secure and fully con-
srained in the Cotrel-Dubousset, Stefee, and CSRP.
systems

Recently Chang and MeAfee (10) have described a
technique for treatment of unstable thoracolumbar
spinal facturcs using a CSRP-TPS system, which can
provide muldple corrective forces to reduce fractores.
and can achieve rgid Fxation with spaning of oy
the immediately adjacent vertebrac of the factured
vertebra. The componens of this device can initially
move freely in muliple dircetons to provide 6-df
corrective foree 1o reduce fractures. Rigid fination is
achieved by rigid attachment 1o the vericbrac via
transpedicular screw purchase and rigid connections
between the transpedicular screws and the rod-plte
by specialy designed clamps and block nodes. There
are two additonal spacer nodes that provide bilseral
anterior forces to enhance rotational stability
Achievement of the objectives of biomechanical re-
duction and indirect neurologic decompression ofthe
unstable spinal fractures by the CSRP-TPS system

St D V1, 41385

was confirmed i a peliminary sries of 21 cascs (10),
In this clinical series, the average vertebral body
height was restored 10 98% of normal, maximal
transiation was redaced 10 0.8 mm, near-complete
correction of angulaton was obtsined, and the cross
sectional area of the spinal canal ncrcased by

I this biomechanical stud,sine structure consis-
teney s essential forvalid and reproducibie compara-
tive iomechanical teting, the greater specimen-to-
specimen bony and ligamentous consistency o the
calf versus human cadaveric spine suppart s use for
this type of testing. Additionally. the corpectomy
model had greater sensitvity between treatment
‘roups because more bone had bee rescted, esult-
ingin @ majorsegmental defect i the spinal column.
The calf spine madel provided a reproducible
method of in vitro mechanical nondestructive testing
With  range sensitve enouh to demansirate signi-
cant diferences between the constructs tested. The
resulis of this biomechanical study showed that
thrce-level CSRP-TPS instrumentation can abways
restore orsional, compressive, and fleural rigidity of
the destabilzed calf spine to that of the intact call
spine and provide more stabilty in rotation, axal
compression, and flexion testing than traditional
fivelevel Harrngion distraction rod instrumentation
or five-tevel scgmenally wired Luque rectangula in-
strumentation. These diffeences may be explained
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by the fact that the transpedicular serews of the
CSRP-TPS system incorporate fxation that extends
t0.and includes the anteror column of the spine. In
contrast he ixation poins of traditional systems are
limited to the posterior column. In axial compression
‘and flexion testing. the three level CSRP-TPS system
provided comparable fxation with that of instru-
mentation systems tha spanned five vertebrallevls.
This may be explained by the fact that the CSRP-TPS
system can effciently keep the cephalad vertebra n a
lordoti positon, allowing the axial compression and.
flexural load to be counteracted. Rigidity in torsion
was greater with the five-levl Cotrel-Dubousset
transpedicular instrumentation, the Steffc transpe-
dicular screw and plate instrumentation, and the
three-level Kaneda anterior device than with the
three-evel CSRP-TPS system. I the future we might
consider adding transverse connection bars between
the longiudinal adding ransverse connection bars
between the onitudinal rod-phates in the CSRP sys-
tem 10 achieve more torsional rigidiy.

In conclusion, the results indicae that satsifutory
igidity can be restored with minimum leves of pi
nal involcment by the theee-Jevel CSRP-TPS system
nder conditions ofingle-level instability in unstable
thoracolumbar and lumbar spne fracturs. This igid
construct nd it aility o achieve reduction indicate
that the CSRP-TPS system shows promise in the
reatment of unsiable thoracolumbar spin fracturs.
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