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A Combination Spinal Rod-Plate and
Transpedicular Screw Instrumentation System for
Unstable Thoracolumbar Fractures
A Preliminary Report

Kuo-Hwa Zhang.

Twenty-one patients with unstable burst fractures of the lower thoracic and lum-
bar spine were treated with a combination spinal rod-plate and transpedicular
screw (CSRP-TPS) fixation system. This is 2 new device for disorders of the lower
thoracic and lumbar spine, where i can provide three-column axil distraction and
ilize the injured vertebra in a lordotie position, thus maximizing reduction and
indirectly achieving a neurologic decompression bythis “indirect’  neurologic
decompression was more successful in cases treated carly after injury, a5 {he spinal
canal area (measured by pre-and postoperative CT) increased 35% in cases treated
one week of injury; 25% in cases treated 7-14 days after injury; and there

was ittle improvement in cases treated more than 2 weeks following injury. All
patients had a minimum follow-up of 12 months There were no. infections,
fatrogenic neurologic deficits or instrumentation failures. The CSRP-TPS syster
ave improved results over conventional Harrington and segmental spinal instru-
mentation systems and only required fixation and fusion of three vertebral levels.
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This artcle doscribes & new nternal fsation
devio for fractures of the low thoracic snd lumbar
Spne. The system combines the dvantages of both the
spial o and. spinal plate systems 1o apols malile
comective forces which faclitate reducton of spinal
fractures; and i slo allows sogmental ranspediclar
Seree g fixation ha i lmited only to the immeds.
el adscent vrtobeof a spins racture, Futher i i+
offered a5 an ltematve o Harrington rods or th scs.
mental spial insteumentaton of Lugue, both of which
Heve. experenced problems andcomplications when
applied 0 disorders o the lower thoraci, lumbar and
lumbosacral spive. Successful surgical trestment of
thoracolumbar_spine fractures should be directed
tomands the flloeing gosls: (1) ttinment nd maine-

nance of anatomic reducdon; (2 obisining 3 neurologic
decompression via ligsmentotaxis; (3 o the mum.
ber of instrumented vertebral motion sesients 0 a5
e a5 poseibles and (0 allow repid mobilation and
rebabiliaion. Any spial implant desianed for trat
ment of thorscolumbar sine rsctres should il
have these mechaical properies (0 achieve the abore.

mentoned goals with minmal technical complexity and
morbidity A A A

LS00 doveloping this ew system, th above
mentiond crieria were met, based on o of n ideal
posteio fcation devicefo fractures of the lower thor
acicand lunbar spine,

Descition of the CSRP-TPS System

o e Do of Orhopic Sy Deprtmen of Sorer 505 Ay GenordFoi Toman, bl of i
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“The system consists o cancellous scews of from
minor 45 mn 0 major 65mm for trnspeceudar fise-
tion. Tho combination rod plate allows the advantages
of both systems. Spinl rods s easier to apply sxial
cormection forces (o reduce burst fracture, whereas
plates can bester achieve sagital plane reductions such
as the Steffee plte system with spondylolischesis). The
Fod aspect of the system is 8 theaded rod, Smm. in
diameter; the plate porcion s 11, in width snd S,
in thickness. The rod sogment s connected to the
cephalic pedice screw by an interlocking chmp”

consisting of » hesd piece and a push brace menmber.
The intrlocking clamp and the TP asserhiy can be
moved along the rod when it i first insered by moving.
the threaded washers superiorly o infriorly (Fi. 1)
‘When the head piece and push brace membes are com.
pressed together by the two threaded. washers, the
desied losdoc il of the instrumented cepbalad end
vertbra s produced (Fig. 2). The connecton betwesn
the caudl pecicle serew and the plte is loked i plce
by an ecceniric bock node. In sddiion, an snterorly
divcted corrction force at the level of njry can slso
be provided by spacer node connected o the tresded
hole of the place located right behind the pedice of the
ractured vrtebrs. The force can be adissted by serow.
ing the soacer node forward or backward slons the
threaded hole s lesired. The system provides alof the
bonefits of an Edward's sleeve txpe of meshanism,
butiis fully adjustabl.

Tnsetion of CSRPTPS system begias with expo-
sure of the posterior elements and placement of & 3
ide wise heoush the pedice into the vertebral by
“The positon of the gude pin should he checked by an
mage inensier, Onee the guide pins are in correct
posiion, he holesare then tapped for the TPS with
cancellos bone t. The depth of apping i monicored
by image intensfcaton. In genera, only three
verebrac-one above and one below the fractre fevel
are included in the fxaton. The implantation of TPS
strts fram the cephalad pedicle serw t0 i the head
bicce and push brace meber of an interlocking clamp
o the vertebra which is one level sbove the fractred
vertebrae. Then the rod porcion of the rod-pate is
penetruted into the exes of the head piece and push
race membe. The rod-plte i fixed to the spine by
fixng the plae porton o the srtcbra ane level below
the fractured vercbra with @ pedicle serew , and the
caudal pedice serew s locked in kyphoti position by
the bloek node. During the procedure f an antrioly-
dircted coreection force i desined, & spacer node
should be conneeted t0 the threaded e of the plate
porcon located diretly posterior t the pedicle of the
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Fis 2 The privile o reducion of bt ot
. The il o of o of the CSRP-TPS s i
ko ifore the washrsamd vt ar ighine

3. Fiig th cadad srw i loce by the ek rde and mar-
s thesosed washer cephalad proce @ ot e o
e ot sl The ntrmnied coaata o vre.
e e on enennied bphosic i

- Mowing the cehald washer cautyand sressin te et
i and i e b oot ghly ctivaes the i
e mechonm of e bt dasp ths forcs the
rameied coptalad e o it o & oot osion
o thus s he il tslgumetoss sl Soveing
e s e forward s wn antriors dctod o
e o hih rvates b b, T case rstd i she
it sty perid i cold <l . “indret”

i ——

fractued veriobra. Tn & clssie burst fracture, the
reducron i carried ot in thee steps (Fi. 2. Th st
is reducton of the posteriar column ia distration.
This is accomplished by moving the cauded threaded
‘washer superiorly, thas moviag the nterlocking clamp
superiorly long the od portion torestor the length of
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the fractured posterior colamn (Fig. 28] The second
s reduction of the milkle and anterir column via -
ultion, This is sccomplihed by moving the cophalad
threaded washer caudadly (0 press the head piece and
s brace. member tighty together becween the co-
halad and casdad threaded washer, This action il
force the cephalad pedicle serew o roate about the
teansverse axis ofthe rod porton and make use o the
three-calumn lever ami 10 reduce the middle and ante-
iorcalumn of th fractured verebra. AL the end of the
cecond step the insiramented cehelad end vertsbra is
fixedin & lordotc position by the pincers mechanism of
the imerocking clam. The third step is o adjust the
magaitud of the aneriorl dircted correcive force by
serewing forward the spacer mode. This creates more
lumbar lordosis, enhances the effect of inirect peur.
ologie decompression, and _provides  additional
roations] sthilty of the constrct (Fig, 2C). After
secure reduetion and fxacion have boen schioved, 4
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hort fusion v the instrumented spine s performed
with e bone graf. Facet hizotomy of al facet joints
spaned by CSRP-TPS system was done routinely
Fia. 3

The biomechanical studies were pesformed at the
Ovthopedic Laboratory of the Johns Hopkins Hospital
The three-level CSRP-TPS instrumentation restores
torsiona, compressive,and lexural igidity of the calf
spine destabiized with mne-lovel corpectomy 1o that of
the intact ealf spine, and provides mor siablty n rota-
tion, axial compression and flexion testing tian trad'
tional fivelovel harrngton distraction rod nstrumenta-
tion or fiveJevel sementally wired Lugue retangular
instrumentation. It is comparable in axal and flexural
loading to five-level Steffee and Cotrel-Dubosset. ran-
Spedicular instrumentation” (Fix 4.5)- Biomechancal
esting of the system in the cadaver sine demonstraed
that the system withstaads a bending moment of Sl
without plastic deformation of loosening. This is &
mach hisher force thn is generated i vivo. ™

Materials and methods
21 thorscolumbr burst fractres treated by open

euduction snd intenalfxation with CSRP-TPS systers
i the orthopaedic dvison of 803 Army General Hospi-
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al, Taiwan, ROC. are included in this study. The
mean length of follow-up hs been 19.7 months (ranse
12 to 2¢ months). The average age of the patiens was
315 yoars (range 21 to 65 years). The vertebrl level
of njury was firs.lumbar seven patent, the twefth
thorace sx patents, che eleventh thoracic four, and the
second lumbr and tenth thracie two patiens each
Sixteen patients had been injured in traffc aceidents
and five, in suicide attempts. Dennis clasificaton’ of
burst fractures was used in evaluation of ll paients in
this series: Type A (five_patients), Type B (nine.
patients), Type C (two patients), and Type E (four
patents).

Phin_ rocatgenography was performed preoper-
atively, postoperatvely and at follow-up. computed
tomography (CT) had been performed before and aftee
surgers for al atents. Spinal alignment, restoration of
vertegel body hight and positon of the posterior ver-
tearal body cortex outof the spinal canal was evaluated
by these methods.

Vertebral height was reported as a percentage of
normal anterior vertabral body plus disk space heigh.
Normal height for the injured sogment was determined
by averagin the vertebral bods plus disk height of the
st normel segments immediaely ahove and below the
injured vertebra. Mavimum transltion (horizonta] dis-
placement) was measured as the perpendicula distance
i millmeters between verieal ines projctin from the
posterior and lteral edgs of the dislocated vertcbral
bodies. Maximum angalaton was determined by Cobb
measurement on_anteroposterior and. lateral ridio-
araphs. In this studs, the suthor used cross-sectonsl
canalarea on CT o assess the abily of ths system to
decompress the neural canl. The are of the canal at
the level of maximum impingement was calelated 23 &
percontage of normal, while the normal area was caleu.
lated on the average area for the same porton of the
adjacent proximal and dista veribrac,

Tuble 1. Radiographic Evaluation (in 21 patients)

inal rodlate

“The neural dofiits were categorized according to
Frankel grades. I this series, there were ten patients
with neurologic defcts Frankel B, two patints; Fran.
kel C, four patients; and Frankel D, four patents
(Tabie 3).

The pain scale used i this series was a3 follows:
(1) no pain; (2] mid pain (occesionsl minimal pain, o
pain medication usel (3) moderate pin (occasions pain
medicine, no signficant change in actvities of daiy v
ingJand (8] severe pain ([requent medicaton and sigaifi
cant change in activites of daily lving).

‘The average time intervl from inury (o surgery
was five days, with a range from within the fist 24
hours to 20 days. The delay from ijuey o surgers was
caused by late referral, not rather faulty observation in
his hospital. Fortunately, all 10 paticnts with incom-
blte neuralogic defiits were operated upon within 1
days afer injury.

Reaults

Aligmment

Average prooperaive vertebeal body-+disk space.
height was 5796 of normal (range 45% to 8195). Aver.
age postoperative restoration of vertebral hods + sk
space height for all consiructs was 9895 (range 94% 1o
1009). The mean correctioned at surgery was 43%
Maximum preoperatve ateroposteror or lateral dis.
placement was S (range 2-15mm.) Masimum pos-
toperative anteroposterior or lateral displcement aver.
ased 0Smm. (range 0Zmn) For the. majority of
paents inthis sries, kyphsi was completly corrct
ed. Average angulation was -1 of kyphosis or 1 rela.
tive lordosis and 0 scalosi (Table 1).

Neurologic Decompression
For cases treated within one week of injury,
CSRP-TPS restored 35% additonal canal area (from

Vet T Tt Ao (Ca) Vit
R Mew  Tame Mo e e
Preomive %6 % 2-lsmm omm Py 0
Posprave OS-I00% W6 02mm  O.Smm ot 0
Corvetion W 0% dlimm 50mm B0z 0
Falin
Teww e w% odem  0.8mm Er o
Ll OB B N Now - Nons
smns mATE mw n
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Table 2. Conal Area on CT

Wihin It Week Between 1.2 Weeks More than 2 Weaks
Following Inury Following Inury Following Inury
Range  Mean Range  Mean Range Mo
Preopersive W% 6% e s T T
Postoperative % e %% 79 T 19.5%
Comnection 3% 190-01% 2% %1% 0.8%

Table 3. Preoper ative and Postoperative Fuonc
tional Newrologic Levels

Frankel Fasction Newrloge Lve
[E—— Posparive
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E 0 00000 0
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€ ¢« w00z i
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E o 00000 0
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289% to 45%). When surgory was done between 7 and
14 days aftr injury, 259% addional canal area was
restored (199 o 313). There was litde improvement
i canl area when treatment was delayed for moro than
o weeks (Table 2.

Exery patient_ presenting with incomplete neur-
algic defcits showed sigaificant newrologicl improve
ment. The two Frankel B patints improved to Frankel
C and Frankel E. Four patients who were Frankel C
improsed postoperstvely to Frankel D (1o patents)
and Frankel E (o patients). Al four pacients whore
were Frunkel D preoperatively recovered _normal
stenath and sensation following CSRP-TPS instu-
mentaton (Tsble 3.

aintenance of Correcion

“The pricipal citeria for evaluating the effective-
ness of any fxation device i its ablity 10 provid lona-
tm mintenance of correcton. The average loss of
eight for the disrapted disk space and fractured vere-
bral bods. was lmited to 1%. The resulting average
erssbeal beight plus disk spaco height at 12 months
Sollow-up semsined approximately 979% of normal. Max.
imum ateropostrioror lateral angulation (kyphosis or
seaioishnd. correcion of horizontal displacement
(iranlation) wero maintaine with no significant loss n

S o ROC 1960 - Vo 23 Mo |

posiion. Overll, st 12 month follow-up CSRP-TPS
fixaton maintaine average correction (0 within 97% of
normal vertbral body plus.disk space_height, zero
degrees angulaton, and 05mm of transltion (Tible 1

A1 patients had 8 pain Jevel cvahation st their
12-monsh follow-up. Seventeen patients were n group
1, reporcing themselves to be completely foe of pain,
and four patients were in group 2, having only occa:
sionl pein no requring snalgesis. No patints were n
ropu 3 or guoup 1.

Al patents had only to-sogment fixation (oo
vertebral motion seaments, thrce vertabral levels).
Mean operatng time was 2.5 hours (sange 1.8 hours 0
3.4 hours). The average blood loss was three unts. The
igidity of tis system sppeared o mininize postoper-
ative pain and faclate mobiization. The mean hosp-
talizaion i was 17 days (range 13-22 days).

Complications

“There were no wound nfectons. There were na
iatrogenic neuroloic deficis. There were no_in-
Stumentaton filures such a5 screw breakage o pul
oul.

Medical comlieaions were also relaively minor
and all rosolved. The most.common probiem was
cathoter-olated uriary tract infetion in four cases.

Thoracolumbar fractures are come from complex
forces typially combining axial compression, flexion
and rotaion. These forces afen lase the spine unsta-
bl in one o more planes of motion. During the past
o decades there s been steadly increasing avare-
ness of the need to directly rverse all deformiag orces
in order to achieve a more snatoni reducton. Early
reports of pedicle screw instrumentation system
Shower promise of maintaining stabe iation with min-
mum vertbral levels of fsion and instzamentation.
‘According to Denis”cassifieation,” the hurst frac-
e results from falure under asial load of both the
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anteior and middlecolumns o th vertbra, So 1 axisl
distraction foce i essentil to obiain amtomic reduc
tion of burst fractures. Ful comoction of vertebral
heigh,aligament and displeement of  anstoric recuc-
tion maxinizes restoraton of frsminaland cans aress
“This will ften indiredly releve pressure o the cord
and roots from bony fragments, and reduce the neces-
sty of furthe anterior approsch. The mechanism of
reduction of spinal frsctures by distracton forces is
enerally thought 10 be ligamentotaxs,” i, the bony
fragments realigned by providing tensle force to their
ligamentous atachments.

Any_posteror column-based distractive spinal
instrumentaton system using hooks such as Harrington.
dual distracion rods works ceentrically from the cen.
ter of rotation on the posterior column and tonds, when
distractd, o produce an nwanted kyphotc il to the
instrumented end vertbrac. These adverse ts hinder
the cffec of reduction and indinct neurologic decom-
pression of a distraction force hecsuse of forcing the
posteior longinudina ligament wit s attached bony.
fragments oward the anterio aspectof the du. Tho-
etiell, lordosis o the lovels immedisely adacent to
the fracared vertebra must b created when 1y to use
a posterior diseacive instramentation (o opimize the
efect of indirect newrologi decomprestion because
this “immedtately adjacent levels lordoss™ can force
the posterior longiudinal ligament with its attached
bon frasments to move anteriorly away from the dura
(Fig. 6. The falue ofthe clussical Harington svstem
1o preserve lumbar lordosis has been well described
and, in fac,this system may ncrease the kyphosis. ™
Newer modifcatons by Mor and the Jacob's locking
hook system” allow contouring oflodoss nto the rod
i combination with distracton force. contoured rods
offer & considerable biomechanical advantage for the
reatment of spinal traum* " as they theoretially
provide & “hind” point of fixation, But i the classc
burst fracture the pedicls are discontinuous from the
remainder of the vertebral body which may be to &
rester or lesser deae pulverized.To appl anteror
corrction force diectly on the lamina of the rsctared
level to create lordosis by sleeve mechanism or by
contourd rod without carful evalustion of the confi
raion of the burst fracturesis very liely to narrow the
canal furcher i some cases, These modifcatons
always eequire 6o or three levels of instrumentation
abose and below the injury***** however (rod long.
fuse short conceptl. Thi appears to be an unavoidable
limition of instrumentation svstems which. cannot
sccommodatethe use of ranspediculr serews, In addic
tion, as fur as the effect of ndiret. nevrologic decom-

Fic. 6. The mechanio of it neseloic dcompresin by
(CSRPLTPS cten. Darction ol tensle e 10 b
rir esitual lgoment. I tre he bvdtc 1 s the
st il Gigoess wth s atchin fons ogmens
1o e il awey o he e crd o o g

The el dieted s peis fhe e rd o st
cauin o Sk postrrly o scaps e pastror il e

O the cotrrs comman potrr ol b sl e
matations sk o o et 1o e, b
rctd, 0 o snwanaed ot 1 1 the
0 end e, foe the irr sl Ggoment wih
it ataching b Fragnens to e patriry fonard th
i e r o euia and dowpen he st of it
it -

pression is concerne. The lordoss of the intermedite
Timmediatly adjcent lovels” actually i not crested
and willdo lilehel to the effct of indirct neueclogic
decompression. This is becase when the detrimental
umwanted tils see produced to the instrumented end
vertebe by a posteriar column-based distactve instr-
mentation, even i t i well contoured, the intermediate
sertebrae can never become lordoss. The lordosis of
the immediatly adiacent oves t0 the fracturd vertc
bra can be ffectvely created by the CSRP-TPS sys.
tem by the lordotic tls of the end transpedicuar
serves which are mplanted o the immediael adiacent
level of the fractured vetcbra. The bilteral, steriorly
diveeted corrctiv forces rom the syacer nodes of he
CSRP-TPS system are fully adjustable by sercwing
forward or backward within the dhreaded hale of the
plte porton. They are not invalved with crating lor-
dusis and oly provide addiional rotatonal sabit.”
In some cases, depending on the coniguraton of the
burstfactures (for instance, ifthere i  losge ecropul-
sed bony fragment connected to the pecicl). i thy are
careully used they can push the rotropulsed bons frag-

amims mmnE 5% 0
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ments farther anterorly snd enhence the efectof neue-
ol dscompression.” The anteror forces from the
CSRP-TPS system are transmitted right through the
pedices rather then the lamina which s usually fractue-
e in burst fractures and s dangerous 0 use as the
hird point of ixtion.

Semnary

“The CSRP-TPS fixaton eystem s based on tran-
spedicular screws which span he majority o the nter
apostrior dimension of the ertebrac. The disraction
forces provided by it can be teanemited 10 3l theee
colimnt of the sine wihoutpeodacing dotrimenta e
of the instrumented end sertcbrac. In addiion, the
immediaels sdacent levls to the fracturod vrichra
can b el et i lordosi by th fxed lordoic sngle
mintained between th cephalad TPS and the rod por-
tan via the pincers mechanism of the.interocking
g and yphotic sngle maintained between the
caudad TPS and the plae portion via the ccceniric
block node. Thi "immedintly adiscent ol lrdosi
can optinize the offct of an "ndrect” meurlogic
decomoresion by forin he posarior ongtudinal s
ament il 1 atached bony fragments, forward away
oo the e cord o caud xuins, This system can
lso provide the sdjustable anerior cometive foce
right through the pedicles effectively provided by the
Spacer oo, which s serves 1o provide additonsl
otaional sailt,” and to enbance the ofec of neur-
g decompression'” (Fi. 7).

“The CSRPTPS system achieved the objetives
o boechaicl rdutio ofth xpnal caal and min-
tenance of fixaton in this prelminacy seies of 21
cases, The sverage versbral body height was resored
985 of normal ; mavimaltranslton s reduced to
Q8m near complete correction of angultion vas
‘obtained (Table 1), and there was restoration of 35%
‘additional canal cross-sectional area in fresh cases
(Table 2). The pincers mechanism of the interlocking
climp s the bock nade cffctvely obtained » rigd
connecton between the transpciculr screw and he
o, The conbinacon of these rigid connestions
and the bilateral anerior,froces from the spacer nodes
e the CSRP-TPS constuct rigid enough to tabi
s the fractued vertebra n sl planes of motion: aia,
angular, translational, and rotation. The combination of
th advanages of plate fo trsnsitons sabiy and
he rud for spplcston of dsraction llowed successfol
dcton. The blocking node snd cephalad push brace
memberprovide  full ange of continous lodosis and
phsi, 1 o 35 known, this i te first il con-
strained fransedicla fsstion system we are awared
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of which offers a ful six degrees o fredom versai
ity in spnal corrction.
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