[image: image1.jpg]Degenerative Spondylolisthesis and Degenerative Scoliosis
Treated with a Combination Segmental Rod-Plate and
Transpedicular Screw Instrumentation System:

A Preliminary Report

Kao-Wha Chang and Paul C. McAfee

Do of Othopecic Surges. Dermens of Sursry: 303 Ay General Hospisal, Taiwan, Repuic o Chin,and
iision of Spinal Revonstseie Sugers The Department of Ohopele Srges, Th Jons Hopkins

ity Schoo of Modicin, Blimore, Maryand, US A

Semmary: Fourtcen patints wit degenective spondsioiess and tree pa-

i it depenrati s, f whom Sxpence o pck pi, o
Eudculopaihy 4o eI ladcaion e rested wih PO
Tosion and comeion of efomiis i 8 aew rumentation . This
o sl o s comhinesthe avamIgEs af o for s dfor.
s and 3 plate for gl plae drorsers. The comtimation rod e can
Soply e Toee t Tacae orrction o compis deformise o el 35
R it ncuroloic decompresion. The siem allows seamcnal riid
nation i ranspedeulr Scews g 1+ e oy 1ot b bl
level 1o yrerve the irmura Pumber ofuniyolvsd b ion gt
e phyviloic b ordotic curatre s 50 preserved. The mismam fol-
o perod was | sear StSfclory s wer obaed i 13 aterts (55
o esapersivecomplcatons accues. SErew GFLE oecured 1 v patets
v Tl exrmintion wih 10 sl The oot 48 spondhios
et deormtes nere seduced sinticanty 1l patints. This method appers
1o amist i reding paolos ot A1 delomics (hat ontnbe o o
Rk i, Compresson on neuslAcare e b thorough decamores
o drcon: vl un oy o o e, Key Wordss Spondy.
Iolihess, deseneraive.Selioss, degenerive— Segmental od-pate—Trans.
pecular scen

Degenerative spondylolisthesis and degenerative
scolioss are the results of chronic degencration
within one or multple functonal spinal units and
can result in abnormal motion. hypertrophic
changes, vertebral collaps, translation (1,10,14,
17.24,32), o rotation (2,7,10). The manifesiations
can be low-back pain (18.21), radiculopathy, or
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neurogenic caudication (10.17). Although nonoper-
ative measures may be successful in controlling
Symptoms n some cases(23.27), surgca treatment is
indicaed when the discase remains functionaly i
capacitating due 0 cauda equinal compression.
‘Generally accepted operative treament consiss of
eural decompression, i situ arthodesss, o a con-
bination of both (6,820.23,25,27,28.33,34). Lami-
nectomy may relieve nerve root compresion from
bone or st tisue, bat it docslitlefor rootcompres-
sion resulting from verebral migration, fotation or
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instabilit. Frequently, decompressive procedures
render degenerative spondylolisthesis and degeners-
tive scaliosis more unstable, esulting in progession
of the olisthesis or sclioss, and recurrence of symp-
foms (3,5.11,13,19,22,2328.27,31), Surgial arthrod-
csis willnot lminate motion and progression of de-
Tormities untlthe fusion consolidates, which usually
fequires several months. In this setiing, the pscu.
darthross rate for fusion without instrumentation is
unacceptably high.

Suceessfl treatment of severe degenrative spon-
aylolisthesi and degenerativ scoliosis must encom-
pass thorough decompression, correction of the
preexisting deformities, and immediately rigid ixa-
o with spinal instrumentation and bilteral pos-
terolateral usion. The combination seemental rod-
plate and transpedicular (CSRP-TPS) spinal fixator
can provide suffcient distraction and derotation
forces o correet scoliosis, s wel as posteriorly di-
rected sagittal plane corrective force 10 reduce spon-
dylolisthesis. It allows three-dimensional rgid seg-
‘mental fxation to maintain correcton and t prevent
progression of deformities after decompression.
(CSRP-TPS can also preserve the physiologic lumbar
lordotic curve (o prevent producing a s4IT at back

due o overdistraction. This article reports the prelin-
nary results in 17 patients of degenerative spondslo-
listhess or degenerative scoliosis treated with the
CSRP-TPS method.

Technical Description of CSRP-TPS.
Instrumentation System

The system consisis of cancellous screws with @
thrcad diameter of 6.5 mm fortranspedicalar ixation
inthe vertebealbodies, and rod-plates 1o connect the
screws (Fig. 1). The rod-plats for treatment of de-
genecative spandylolisthesis and degenerative sco-
Tioss include a longitudinal threaded rod portion of
S-mm dismeter end a plate portion of | 1-mrm width

“The plate porton is § mm in thickness and comes in
varying lengths with three holes in series. The rod-
plates are curved ke the fombar spine. The rod por-
tion of the rod-plate connects he uppermost ranspe.-
dicular screw by an interlocking clamp. The inter-
locking clamp consists of 4 headpiece and  push
brace meaber. The rod portion aiaches to the inter-
locking clamp between two. threaded washers
mounted on the rod. This llows for distraction and.
compresson as the clamp and the uppermost trans-
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pedicular seew assembiy is moved along the rod by
threaded washers. When the headpicce and the push
race member are compressed together by the two.
threaded washes, the pinch betwcen the cephalad.
dze of thescrow hol of the head piece and the cau-
dad edge of theserew hole of the push brace member
force the cephalad transpedicula screw into a lor-
doric posiion. In urn, his causes the instrumented
uppermost end ercbra to furher distract the ante-
tior and middle columns of the involved spine and
presceve the physiologic ordotic positon of he lum-
bar spine (Fig. 2. The conection between the owest
wranspedicular screws and the pate portion can be
locked in place by a thrcaded block node. This is
accomplished by turning the eccentric portion of the
block node against the shaftof the lowest transpedic.

ular screw. The intervening veriebrac betwen the
upper and lower vericbrae can be scgmentally fixed
by transpedicula screws through approprite serew
holesin the plat.

MATERIALS AND METIHODS

Fourteen patients with degenerative spondylolis-
thesis and three paients with degenerativ scolioss
with 2 minimum postoperative follow-up period of
year are included in his study. No patients had un-
dergone prior lumbar surgery. Twelve patients were
women and five were men. The average ae at aperd-
ton was 59.4 scars (range 44-T3 years). Followup
time averaged 153 months, with a minimum of 12
months and & maximum of 15 months.
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Al patients with degencrativ spondslisthesis cx-
hibited radiographic evidence of spondylolisthesis
with an intact neural arch at the L4-LS level. My-
elography demonsirated (9) high-grade blockage at
the LA-LS fevel with an hourglass type consiriction
or cven a complete blockage of radiographic contrast
material. In degenerative scolisi, he angles of sco-
Jiosis measured by Cobt's method fo the three cases
were—L2-S1, 18% 12-S1, 23°% and LI-L5, 33° re-
spectively. Decompression procedures were con-
ducted at the L4-LS level n all 13 patients with de-
eencrative spondylolisthesi. Decompression was sl
performed at L3-L4 in five patients and 12-L3 in
w0 patients, Decompression procedures in degener-
atve solioss atients were performed from L3-S in
o patients and L2-LS in one patent.

Surgieal Technique

All patients underwent decompression laminceto-
mies correcting stenosis i the central cana, lateral
recess, and neuroforamina. After decompression,
correcton of the preexisting deformitics and rigid
fixation were fulflled by insirumentation with
CSRP-TPS instrumentation system. Insertion o
CSRP-TPS began with the placement of a 3-mm
guide pin through the pedicis of the involved verte-
bra into the veriebral bodics. The position of the
suide pins was checked by an image intensier. Once.
the guide pins were i correct positon, the holes were
then tapped for the transpedicular srews with a can-
cellous bone t2p of 6.5-mm diameter. The depth of
tapping was monitored by image intensification.
Only the abnormal vertebrae were included in the
fixation. The implantation of transpedicular screws
sarted from the superio transpedicular srew o fix
he headpicce and the push-brace member of the in-
terlocking clamp. Then the rod portion o the rod-
plate was penrated into the eses of the headpicce.
“The pate portion was then secured 10 the Iowest in-
volved vertebra with the lowest transpedicular crew.
Next, the lowest transpedicular screw was locked in
place by a block node. AL this point correction of the
preexisting deformitis was carried out in 140 sieps
(Fig 2,

“The frst step was to distractthe veribra betwicen
he uppermost and the lowest involved vertebra. By
using distraction, scolisiscan be straghiened, spinal
deformitis rotationaldeformities) can b derofted,
and collapsed structures (pedicie migration) can be
estored 10 the appropriate height (12). This was ac-
‘complished by moving the caudad threaded washer

superiorly. Scoliosis, rotational malalignment, and
pedicle migration could be corected using ditrac-
tiom, yet the lumbar lordosis was sl maintained by
the Tordoric curse of the rod-plate. Any residual ky.
photi it could be correced into lordosis by moving
the cephalad washer caudadly o pinch the headpicce
and push-brace member tighty together betwen the
cephalad and the cavdad threaded washer. This ac-
tion would cause the uppermos transpedicular serew
10 rotate into lordosis (Fig. 2B).

The second step was to corrctthe deformityin the
sagttal plane. The translational deformity of the L4
vertebra of the Ld-LS spondylolisthesis could be
pulled backward by the cancellous purchase of the
pedicular serews (Fig. 2C). Afer the scoliotic and
transhational plane deformities were corrected, the
imervening vertebrae were secured with transpedicu.
lar screws {0 obiain scamental rigid fxation. There
were no cases ofscrew pulloutdue to steopenic bone
i this serie. Bilateral poserolateal fusion was per-
formed including all vertebrae spanned by the
‘CSRP-TPS system. No hone graft vas placed over the
exposed dura or nerve-root sleeves, and these areas
were covered with a free fa gral oblained from the
subcutaneous tissue overlying he bone grafl donor
st The fusion method used autogaft from posterior
Hliae crestexclusively

Postoperative Care

“The patients were instructed 10 wear & corset when
out of bed, based on our own biomechanical sudics
(20A). Prolonged siting was (o be avoided for 3
month, because siting places higher pressure on the
disks than do standing and lying. No patients re-
quired body cast. Follow-up examination occurred
a1 6 weeks, 3 months, 6 months, 9 months, | year,
and annually postoperatiely

RESULTS

The average operative time was 185 min (range
145-230 min), with an estimated blood loss averag-
ing 1050 mi (range 350-1,650 m) The patients were
eneraly out of bed ambulating on the 4th or Sth
postoperatve day (@verage 4.7 ange 3-8 days) and
were hospitalized an average of 11.7 days range 8-21
days)aher the operation

There were no intraoperative complications. No.
cases of cerebrospinal fluid leakage or wound infec-
tions occurred. Five patients developed urinary tract
infections in the immediate postoperative period.
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which resalved prompily with antibiotics, No pi-
tients were neurologically worse postoperatively
Serew breakage occurred in o patients at he end
Veriebrac because the CSRP-TPS sysiem is @ Stess
Sharing device and some stess would sill e taken by
the serews during the maturation period of the bane
eral, which sually takes | r 2 yeurs, The serews can
reak during this period due 1o exclical fatgue, ven
thaugh the fsion secms to have consolidated n the
radiographs. An analogous phenomenon has been
reported ate long bone fractures trested with plates
and serews for interal fixation. Each scrow breakage
incident was asymptomatic and noticed on the 1-year

postoperative radiographic examination. Both pa-
tients with serew breakage required no additional
trestment and had sasfactory result,

Clinical esults were based on subjctive assess
ments by the paticnts and rated 2 excellent, good.
fai,or poor. A reslt was consdered excellent when
there was o residual back or lower cxtremity pain
and the patient had resumed all desired activites, A
Bo0d resltincluded patienis with minimum bick or
adicular pan bt 50 perceved unctonl imitaton.
A far resul indicated that the patiem expericnced
mild-to-moderate back, radicular. cladicant pain,
but hought it was an improvement from thet pre

‘otbision of decormpression. corection o deformy. an disacikn arfrodes, Posiopersive fire showed cormechen of deformty
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operative state. A poor result indicated o improve-
ment or worsening of symptoms and functional ince-
pacity. Excellent and good resuls were considered
satisactory, and fair and poor resuls were deemed
unsasaciary,

Oveall, there were 13 patients with exc

0 wilh good results, A fir outcome was found in
50 patients, and no patients were in the poor cate-
sory. A satsfactory outcome occurred in 15 patients

(58°%) and an unsatsfactory outcome occurred in
w0 (12%)

The spines of patients showed evidence of distrac-
tion with an increase i the heght of the intervere.
bral disk space and neural foramen, All pai
bibited an apparent decrease in their preoperative
spondylalisthesis and scoliois after operstion (Figs
3.6). The olsthetc deformities were almost com-
pletel reduced in all patients with degenerative
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spondsiolisthess. The scoliosis deformities were cor
rected from 1810 0°, 23 10 5%, and 33 t0 7, respec.
tively. Sres lateral flexion-<xiension radiographs at
Lyear follow-up examination were obtained in il
patients and showed no abnarmal motion. The de-
exce of lumbar lordosi determincd by measuring he
angle formed by a ine drawn on the upper surface of
L vertebral body and a line drawn at the upper su-
Tice of the sacrum was 440 = 13.5° before surgery

and 427+ 119° at | year follow-up obsersaton.
This demonstrats that there were o cases of atro-
enic lat buck syndrome as the paten's' lumbar lor
dosis was presersed in the presence of CSRP-TPS

DISCUSSION

Lamincetomy and in sia fusion for degenerativ
spondylolisthesis and degenerative scolosi can fail
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due 1o incomplete spinal canal and foraminal de-
compression (4,22) or fullure 1o adequately stabilize
pathologic motion. The former resul in immediate
flure 0 elieve radicular symptoms, whereas inade-
quate cortection and sibilization may lead to perss-
tent back pain or late recurrence of radiculopathy.

Wide radical laminctomics lone are often ot
suffcient in relieving neural compression. Pedicle
and facet migration and rotation may so severely
compromise and kink the nerve roots that the only
way to relax the involved neural tissue s o correct
the precxisting deformity (12). By using CSRP-TPS,
collapsed structures can be restored (0 their normal
height and the foraminal rea can be cnlarged. The
distraction provided by CSRP-TPS instrumentation
also seems o unsind the rotational deformity of the
spinal canal, which also serves 10 relieve cauda
cquinal compression (10,12).

Unfortunately. the spinal column of degenerative
spondylolisthesis or degenerative scolisis s often
rendered more unstable afer decompression alane. 1
eft untreated, this may result in progressive defor
mity, pain, and late neuralogic deterioration
(35,11,13,15,19.22,2325.27,31). Surgical arthrode-
i will ot eliminaie motion and progression of de-
formities uniil the bone graft consolidates, which
usually requirs several months. Bone grafing proce-
dures in the absence of instrumentation are aso-
ciated with pseudarthrosis rates of 10-40%, depend-
ing on the degree of insability (35). Furthermore,
without the addiion of instrumentation 10 provide.
immediate stabilization, many patients ae subjected.
10 prolonged periods of immobilization and orthotic
use while the fusion mass is maturing.

In view of these faetors, some Surgeons elect o
ignore the back pain complaints of these patients and
concentaate only on the involved neural structores.
(6). Some believe that fusion is indicated only for
younger patients or thase on whom extensive lami
nectomy with fucetectomy had been performed
(11,33.34). Some wait 1o see whether progressive
spondylolisthesis and symptoms develop, and pro-
ceed with arthrodesis at  late time (5.27).

‘Many surgeons think spinal insirumentation and
concomitant_spinal_arthrodess are_indicated
(12,16,29). The siable internal fixation provided by
(CSRP-TPS instrumentation llows more rapid mobi-
lization, climinating the moralty and morbidity as-
sociated with prolonged postoperative recumbency.
prevents progression of deformities, and enhances.
eraft consolidation. Selby (29) reported that Lugue.
instrumentation educes the translational deformity

using segmental wire fiation. Hanley (12) also re-
ported that decompression and distraction-derota-
tion arthrodesis with Harrington distraction instru-
mentation appears 0 be beneficial in the treatment of
uniscgmentalspinal sienosi from degencrative spon-
dolisthesis.

“The application of currendy availabe spinal stabi-
lization techniques such 35 Harrington and Lugue
rods is complcated by the fact that the lamina 10
‘which these devices are normaly attached have been
sacrifced. As a result, the rods must extend above
and below the levels of decompression 10 achieve fx-
ation and immobilize more levels than would nor.
mally be dictated by the extent of decompresson.
The CSRP-TPS relying on transpediculac crews for
fixation would appear 10 be ideally suted for obtain-
ing subility and minimizing the mumber of levels
immabilized under these circumstances. Correction
of deformities and immediate sability provided by
instrumentation with CSRP-TPS appears (0 reduce
the amount of back pain imparied by the precxisting
deformites and the insiablity from the underlying
condition and the surical decompressive procedures
This characteristic of the procedure permits carly
mobilization, thus reducing postoperative complica-
tions and shortening the hospital stay. Stable ixation
may also lessen the incidence of pseudarthrosis (14).
Long-term stability is provided by the lateral mass
arthrodesis (9,14,26,30).

Selby (29) and Kaneda (16) reported that Knodt
rods considerably increase the translational defor-
ity when used in degenerative spondslolishesi. In
his series a significant decrease in olisthesis was
noted in 4 patients, This would appear due 10 the
fact tha the annulus, anteror longitudinal igament,
and posteriorlongitudinal ligaments were restored (0
lengih by distraction, i efect acting fke 4 tension
band. In this circumstance, the efective postriorly
directed corrective force provided by CSRP-TPS suc-
cessully reduced the translational deformity. A long.
disraction rod over several seaments reduces lumbar
Tordosis and produces a stf, fat back. The prelmi-
nary experience with extension of CSRP-TPS instru-
mentation over mulipl levels o the lumbar spine
has not resulid in iatrogenic fatback syndrome.
This would be duc to the abilty of CSRP-TPS to
maintain the lumbas physiologi lordotic curve while
providing sabilization.

Although there were two cases ofserew filure, sec-
ondary to cyclic loading, both patients had satisac-
tory esults. I these two patients,screw breakage oc-
cumed afler at least 9 months postoperatively, after
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the bone graft had consolidated. The CSRP-TPS is
currently manufactured using titanium screws and
rod-plates for improved strength to minimize the
likelihood of this complcation.

‘The deseribed procedure appeass 10 be successul
in the treatment of uniscgmental or multiscgmental
spinal stenosis from degenerative spondylolisthesis
and depenerative seoliosis. Although the follow-up
period isshort,the preliminary resulis appear gratify-
ng. The CSRP-TPS method may asis in reducing
pathologic mation and compression on neurdl siruc-
tures by restoring spinal canal anatomy,
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