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Degenerative Spondylolisthesis Treated with
Reduction Fixation System

Kuo-Wha Chang

Sixteen patients with degenerative spondylolisthesis presenting with low-back
pain, lumbar radiculopathy and/or intermittent claudication were treated with
decompressive lamineetomy, posterolateral fusion, with reduction of deformities
‘and rigid fixation using & Reduction-Fixation Instrumentation System (RF). This
system can be used hoth as a reduction device and as a fixation device for disorders
of the lumbosacral spinesit can apply multi-directional forces to facilitate correc-
tion of complex deformities as well us to enable segmental rigid fixation via tran-
spedicular serews that is imited only (o the abnormal vertebral levels, to preserve
the maximum number of uninvloved lumbar motion segments. It can also preserve
the physiologic lumbar lordotic curvature. The minimum follow-up period was two
years. Satisfactory results were obtained in fourteen patients (87%). No intraoper.
ative camplications occurred. Screw breakage had occurred with no sequelse in one
patient al one-year follow-up esamination. Spondslolisthetic deformities were
reduced significantly in all patients. This device appears to restrict motion
contributing to low back pain, relieves compression on neural structures through

lordotic decompression and restores spinal caal anatoms.
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Degenerative spondylalisthesis is the result of
chronic degeneration within one or mltple fnctionsl
cpinl unis and can reslt in abnormal motion, hyper-
trophic changes, vertchral collapse,  transition
HIA o otation ™" The manifestations can
include low-back pain ™, radiculopathy, or neurogenic
cludicaton. ™" Although nonoperatise measures for
eymplom cantrol may be successiul in some cases, "
Surgialtreatment s indicated when the diseaseis func
onaly incapaciating due 1o cauda. equinal compres
Generally accepted operaive reatment conssts of
neural decompression, in it artrodesis, of a combin
ton of both 51 Luinctomy may elieve
nerve rout compression from bone or softtissue, but it
o ke fr rontcompression resuling from vertebral
migraton, rotation or insabikty. Frequentl, decon:
pressive procedures render degenerative spondslolisth

Fixation Instrumentation Sys-

esis more unstable, resulting i progrussion of the
Glisthesis and | recurence | of  symptoms.
ERMAESIT Surgical arthrodesis will not. climi
nate motion and deformity progression uatl the fusion
conslidtes, which usually requies several months. I
this seting,the pseudoarthrosis rat for fusion without
instrumentation is unsceeptabl high,

Suceessful teatment of severe degeneraive spon:
dylolithesis must encompass thorough decompression,
reduction of the pre-exiing deformities, immediately
igid ixation with spinal instrumentaton and biaers!
posteroltersl fasion. The. Redurton-Fiation Insr
mentation System (RE) can provide the necessary cor-
rective forcesto corect pre-existing doformitis as wel
a5 providerigid fixation. Reported hero ro prolminary
reslis for sixteen_dogenerative_ spondylolisthesis
paients treated with this e instrumentaton system,
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The RE Insiramentution System

The system for trestment of degenerative spon-
dsllisthesis consists of U-shape-hesd cancelous
erews of 6.25mim dismeter fo transpediculr fsaton
in the vertebral bodies, and threaded longitudinl rods
of Tmm dimeter or rod-iates 10 conneet the screws
(Fig 1. The screw are of four angles of 510" and
15" between the U-shaped screw head and the shank of
the serew, One side of the U-shaped serew head i M.
and.the oiber concave to accomodte 4 cone-thape
washer, Within esch column of the Ushaped serew
head there is 5 small hole for & lock screw of Jmm
damete 1 lok the od t0 the U-shaped screw head to
the rod. One side of th ro s flat;th other side of the
rod i sloted to sccomodate the luck screw of the U-
shaped serew head. The U-shaped-head transpedicular
scrow can be moved along the rod feel by moving the
hexangular paied washers 0 generate vaious correc-
ive forces without slipping out the rod when the lock
sere of one of the o columns of the U-shape serew
head s drven into the sl of the rod. The U-shaped
ead transpedicular seres is rgidy fixed 1 the rod or
the rodplate by hexangular washers o fixed angl (0°5
1025 between the shaak of the serew and the rod or
the 1o portion of the rod-plate. The angle depends on
the angle selcted between the scrow bead and the
shank of the Usshapect-head transpodicular screr.
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There are o type o hexangular washers. O type s
fattened on both sides; the e is cone-shaped to it
the concave surfac of the U-shaped serew head 1o fur.
hr prevent the rod o the rod-plate rom slippng out of
the U-shaped s head. One pai of washers ne fla,
and one cone-shaped)is used to fix one U-shapedhead
transpedicuar serew on th rod.In the side wallsof the
hexangular washers there are scrow holes for lock
Screws o ok the washers on the rods and to prevent
the washers from loosening. The rodplate is double-
end rod with inervening plte portion which has two or
three serow holes without brige botween them. The
rod-plates are curved lke the lumbar spne. The rod
portion is comected to the U-shaped-head tran
spediculr sere and the plate porton s rigidy fixed o
he vertebra va Stefee screws *(Fi. 1. The rods are
usod for two-level fixtion the rod-plates are used for
hres-level fsaton. Movement of the pired washers
and Ushape-head teanspedicla screws slong the 1o
permits application of distrscton force. Fially the
eanspediculas serews can b rigidly fixed in the dsieed
b lordote confguration (Fig 1),

Materials and methods

Sixteen patients with degenceatve spondslolsth
esis, with & minimum postoperaive follow-up period of
oo sears, are include i this studs. No patiens had
nderkone pror lumbar surgie. Tcive patients were
women an four men. The average age at operation was
572 yours (rage 4875 years). Follow-up time wveraged
215 months, with & minimam of 24 months und a masi
mm of 30 months,

Al patient with degenerive spondylolisthesis x.
hibited radiogeaphic evidence of the condiion with an
ntact newral arch st the 145 level. Myelography
demonsizated * high-grade blocksge at the L5 level
with an hourglass type consticton o even o complete
blockage of rdiogrsphic contrast material. Decompres.
sion Lamnectoms was conducted atthe LS evel i al
16 patients; decompression was also perlormed 1 L3-4
3 patents because of spinal stenoss al this el

Sursical Techniaue

Al patients underwent decompressive
laminectomies 1 correct stenosis in the central anal,
latral recess and neuroforamina, After decompression,
reduction of the preesisting deformites and rigid fixa
on was accomplished by instrumentation with RF sys.
tem. Tnsertion of RF began with the placement of a
S, guide pin theough the pdicles of the imvalved
Vertbea. The positon of the guidepins was checked by



[image: image3.jpg]an image neusfer and by palating the modial and
infrir pedicl borders with  probe. Once the side
pins were in corece posion, the haes foe th tran.
spedicular sceews were taped with a cancellous bone
ap of 6.25mm. dametr. The depth of tapning wax
monitored by image intenifcaion. The approprisic
It for U-shapec-head transpedicular seeews and
Steffe serews were determine. The dege of lordosis
o the invlved verthra was dtermined by measuring
the angle fosmee by a lne drawn o the upper suface,
and 1 v dravwn on the lower surace, of the invahed
verebral bods. According to this measurement the
Unshaped-hesd trampediculir screw of ppropriste
angle s chosen preoperatively. Then U-shaped-head
teanspediculr serow and Stcifos serew of determined
lenuth and ange wese inserted, with only the abnormal
verebrae were ncluded in the iadion, The rods or e
sod-plates with paies of washers were slpped oot the
Ushaped serew head and were locked there by serew-
e th ook screws, which s i the uprght clour of
the Unshaped s heads,into the slots of the rods. At
this point corection of pre-existing defornities s
carried aut by distracton for longitudiml reducton of
Height and kyphoti reduction by ighening he washers
o the Usshaped screw head. When the rodlaes were
usod fo thec-evel fnstrumentation, furher corecrion
of spondylolstheti deformicy in the sagital plane could
o achieved by the poteror ull of the Stefee srews.
(Fie2)

Bilteral postarolutera fusion was performed, in-
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Dogonerstig Spondyilishsis Treated with Rduetin Fisaton System

cluding all vertebrae spanned by the RE system. A free
ot graft obained from the subevtaneous tissue over.
Iying the bone sraft donor site was placed aver the
exposed dur and root.

Pastoperative Care
The patents were insructed 1o wear s corset
hen ot af bed and 1o avoid prolonsed siting duri
the i st three-month period. Fallowu examination
s made . six weeks, three months, s months,nioe
month, one ear and agsin snnal, postoperativel.

Results

The averaie operating time vas 167 minates
range 140220 minates, wih an estimated blond loss
aversging 950, (range 950-1.450 ml) The patents
were seoerally anibulators on the fourt or ith pos
topertive day (average 4.3 ranae 27 days) and
hospitalzed for an average of 102 days (range 519
) after surger.

“There were no introperative complications and no
wound infections. Thrve. patints developed. urinary
act infections in he fmmedise postoperatve period,
but these were resaved promptly wich nchiocis. No.
patents were.neurologically worse_postoperaiel.
Serew breskage had aceuered in one patent 3t the
lawer end vertbra noticed on the oneyear postoper.
ative rodiographic_examination. Thatpadent s
ssymptomaie, requived o addiionsl testment and pro-
sressed t suistactos fusion

Clncal resuts were based on subjctive assess:
ments by the patients and araded as "excallnt”, gond
i on "poor". A resul was considered to be "excel
Tent when there was no resdual back or lower extrem.
ity pan and the patent had resumed al desird et
ites. "Good included patients with misimum back or
radicalr pain but no functionl liitaton. A “fir"
result indicated that the putent experienced mild 10
moderate back and radicala pain, bt had mprovement
fromprecpersive saie. A “poor” resul indicated po
improvement” or worsening of symotoms and func-
tional incapaciy. Excellnt and good resats were con-
sdered satisactry, fir and poor resuls were deemed
msatisfctony

Overel there were 1 pasients with excellent and
three with ood resuls. A fair utcome was found in
oo ations, with no padents in the poor category. A
satisfactoy onteome occurred in L patients (5799) an
unsadisfactory outcame i o (1396

“The spines of al patents i this series showed
evidence of disraction with an ncreas i the height of
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the itrveraal ik space and el foromen, All
painte exbited n spares decsase i the proper
aive spondlalisthests afe surgry (Fi 3 and P ).
S e Tesion-xicnsion uboraghs at one sesr
Sl examiation were obisoed il tiats and
showad e mion st fse s, The degrse of b
Hoetoi dtermined b measarin the e fornd by 4
line drawn on the upper surface of L1 vertebral body
 nd e drava the uppe surface of the s was
R0R1LS before sureery and 427119t one eur
fllawap obrervaion, Ths demorstrses Bt ther
e n o of nteogenic it back e a5 ch
et o oot was preserd i the presnce
of R instrumentation.
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Discussion

Lainectoms and in siu fusion for degsneratve
spondvlolisthesis and degeneraiive scoliosis_can fail
because of incomplete spinal canal and foraminal
decompression *** or fulure (0 adequately stbilize
pathologic_moton. The former condiion resule in
immediate fiure 1o reive radicular smptoms, whie
inadeauste corection and stabilzation may lead o per.
sistent bk pain or lte recurrence of radiclopathy.
Wide radical decompression laminectomies alone
are often na sufficient 1o relicve sl comprescion,
Pedlicle and face misraton and rtation may so severe.
I compronsse and kik the nerve roots that the orly
way to el the mvolsel nerve tsaue i to coreet the
pre-eising deformits.* By using R, colapsed st
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st o LEL s LA-LG re domensrate by mogreph
and CAT scon. A shrossh decomprvion and itttk
et e peirmad. Fasopraiee radosreghs hoend co
et reduction of the savdlotthe o enriemen o
e mearafremes, sy wll prsreed ot ks b 5

tures can be restored 1o thet norml heisht and the
foraminal wea can be enlarged. The disracion pro-
vided by R instrumentaton alo seems o unwing the
rotationsl deformity of the spinal canal, which alo
Serves o reieve cauda equinal compression.
Unfortunatl, the spinal column of degenerative
spondslolsthesis s often rendered more unsable fol-
lowing decompression slone, 1 lft ntreste, this sy
resl inprogrossive deformit, pain and late neurologic
deterioraton 155 Surgial atbrodesis
will nt liminate motion and progression of defornities
ancilthe bone raft consalidtes, which vually requies

seversl mondhs. Bone arafing procecures in_the
sbsenee of nstrumentation e associate with peudar-
theosis rates of 10-40% depending on the degree of in
stabity Furthermore, without the addion of instr-
mentation to provide immediate stabization, Many pati
ent are subject o prolonges periods of immobilzaton
and orthoic uee while the fusion mass s maturing

In view of these factors, some surgeons elct fo
fgnore the back pain complints o these patients and
concentrate ol on the invlsed neural structures.”
Some fel that fusion is indicated only for younger
patents or those on whom extensiv lamiectomy with
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facsscomy bad been performed " Some wit 1o
s whether srogreive spondyolisthesis and <y
oms develap, and poceed with arthodess s 3 ter
o

Many sureons ok spinal nstramencation and
concomot sl srthodesis e ndicsied,
SRS Th sl nernal Gation provided by
RE imtrumenttion sllows more ol mobiizaton
liminating he mortlty and morbidiy asocited vih
brolanged posoperative recuribency, provents prosrs.
Sio ofdeformities, and enhances st conslition. 1
was ported by Seby > that Luge intramentation
roces the transaioal. defornity using sesmentl
e faton. 1 s sl repored by Haales  that
decompresson and distractonderotation atbodesis
i Harigton disracion nstramentsion. apesrs
eefcal n the trstment of wnisogmenta pial
tenais fron dsenerative spands b,

“The sypiation of carrntly vaible spiml s
ation tchaigos such 1 Horringto and Luu rods s
comlcaed by the fac dhat the lain to nhic these
devces e rmal atached have been sarifce. Av
a s, the s st extend above snd bl the
v thn would ol b dicated by the exent of
decompresion. The RE ling o tramepedeule
e for fvsion would spprar el suited for
abianing by and miimring the marber of el
immlilzed e these cireumstances. Corrocton of
el and et bty rovidd by st
metation with R appe 0 reuce the amount of bck
pin impute by the pr-exsting deformiie 4 the
bty from the undeing coniion snd the suei.
ol decompresive procedres. This sharacteitc of
e rocedre ermite el moblzation, hus reducing
ostperative complictons snd shartning th hospil
Sty Sl fsaion mey s lecen the ncidence of

rthrass. Lon e sabilty i provided b the
e

Sy and Kaned " repored that Kno rods

* consdraly icrese the tansatinsl defomity when

ol indepeneraive spondllishes. T 1 becsine
i causes an unwanied kyphotie il 0 he in
Stumented end vertcbre when ving 8 postrir
nsrumentaton system such 4 ko

I hi serde, sgnficant dcsease in alstheis

s et n i et Thie spears o el from
B —

- aad poirior i e were restored 10
et by ot odosi e dstraction, i effct scting
¢ a tension b In this circumstane, the cxan
ooty <ould be . Jesst parily corecod,

A long disraction rod over severs segmerts reduces
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Tumba Tordoss and produces a sifffla back. The pre-
Jiminary experince with extcnsion of RF inseumenta-
tiom over three levels o the lambar spine hes not resalt
din trosenic flat back xyndrome, because RE hasthe
abilty 1o mainainthe unbar physioogic ordotic curve
whileprosiding diseaction an ssbiizston.

Zuchermen ™ seported that using VP cantlevel
Toading eystem which has been develped by Steffe for
spinal fuson. 1t i of grea impartance not oly o have
tho pedicle screws in accurate alignment with cach
other in  lonitudinal axis, but also 1o bae the srev-
plte reationship as close 10 90° at cach fevel s is
possible. When the angula rlationship of the scre to
the ot is varies rom 0', i i possible for the for.
amen to be narrowes by changin the anle of the verte-
brslbodies, moving them nto inrcased. extension.
Adtention also must b paid closely 10 the neurolor
amen f distraction i used inthis yatem, 31  neurofr.
amen of an adjacent kel may be encrasched on while
disraction, The RFinstrumentaton sysiem alo
belongs to cantilevel loading systems. but oll these
Shortcomings are overcome in the T system which
can provide disesetion frce <o effcents o the whole
levels which the RF spans, i can ot result in neurofor.
amen stenosis while distraction o whie the serew.rod
elationship is not close 10 90" The spines of all the
patents in this series showed an inresse in neurofor

Allhoush one case of screw breskage occurred
afer at least nine months postsurgery, afer the bone
sl consoliaied, the pasent was asymptomic

The doscribed procedure appears successfl i the
ecatment of unisegmental or mlsegnental spinl
stenusis from degenerative spondslolsthsis. Akbouh
the follow-up perio s el reltivels shot,peliminery
results seen sy artifying, The RE method appears
o ussist in redacing pathologic motion s compres.
Sion on neural strctures by restoing spinal canal anst.
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