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B A Reduction—Fixation System for Unstable
Thoracolumbar Burst Fractures

KaoWha Chang, MD
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Successflsurgical treatment of thoracolumbar and T
bar spine fractures by poseror instrumentarion system
should be dircted towaed the following goals'* %
U557 et nd mainenance of na.
tomic reducion; 2) obtaining a rigid fxation o allow
capid moblizacion and rehabilations and 3 limicingthe
b ofinstrumented vertsbral motion segments 1038
e a5 possible, This artice describes 3 new incernal
fxaran devicefor umtsble burst fractores of the low
thoracic and lumbar spine. In this new system, the
ahove-mentioned goal e met,

' Descrpton o the tho Reduction-Fixation System,

T redscton-biation system (Fgur 1) hs o basc com:
ponents tht ar avd 10 dselop the comstructs reuired 1
provde reduction snd i it The comporcnts e
Srgld pdicle ssews, rods Wi tescoon nrs, trnsvese
Conmestos,snd st e

Angled Pedice Screws. The agled pedice srews o e
pedicalr ivaton n the erebel bdies ar Ushaped head
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S 625 i b dismie, Th s s offesd i o
Snges: 5%, 10, and 15 This mesmremen s h degres of
nge betwecn e Ushaped srew esd and the shak of the
Screw. O side o he U shaped screw head i s, the thee
S 1 concave 10 acommodte 5 cone.shaped raction
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accommodatethe s scrcw nthe Uhaped screw head. There
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Coneshaped 0 engap the concave s o h U-shaped srcw
head o secure the o e the U-shaped et bead. A
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Srewed i th sotofthe v Th anglod e canbe iy
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a Surgical Technique

Poscrio exposurewith oalzarion of the pprepristc pdice
and placernnt o 3 mm guid wirewas don ccorling o he
escnpron by Dick 1 The position of the e pinshoskd be
paralle o th nd late andcheckd b imagsmcnfe, Once
gl pim were in corect postion, the hols e th
capped forhe amedpeice erws it bone 1. The depeh
of appin et monwored by Tl image e, and
gl et of ppropsAE enth wete deermined. APpR:
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' Matersls and Methods.
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Aversee preapertive vertebral body plus disc space
eight was 32% of norml (rne, 39-77%). Average
pasoperative restoration of vercbeal body plas dic
Space height for 3l conseructs was 9% (range, 95—
100%). The mean correction cbtsned at surgey was
5% Maximum preoperative antroposteror or teral
displacement was 11 (ange, 317 ). Maximum
Posoperative antroposeror o lteral displacement
Sveraged 07 m (cange, 0-2 mm). For the majoriey of
atents inthis sries, kyphosis was completly coreced.
Average angulaion was — 1 of kyphoss or 1° relatve
Tordossand 0 soloss (Tsble 2],

Newrologic Decompression
Forcase reated within 1 weck o injury the ccducion—
fixaion systemrstored 33% addiional canal area(rom
24710 47%). When sursery wasdone beween 7 and 14
day afcsnjury, 24° addional canalara was restored
U15-317%). There was lele improvement in canl arca
when weament was delayed for more than 2 weeks
(Table 3.

Every paen: presening with incomplece earologic
deficc shoveed sgnfeant neurologie mprosement. OF
the fiv Frankel § patiencs, o improved 0 Franke C.
oneimproved o Frankel D, and woimproved o Frankel
E. Of the nine paciencs who were Frankel C, three
improved to Frankel D, and six improved o Frarkel F.
Al sven patits who were Frankel D belore sogery
eecoverd normal strengih and sensaton afr reduc.
ion-xation trumentation (Tabe 1)
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Mintenance of Comection
Theafectivencss of ny ixation devicelicsnies by to
provide maintenance of correction. The sversge loss of
height for the disrupted dic space and fracrred verc-
bral body was limited 1o 1%. The resuling average
vertcbral height plu dis space heght at 24-month
follow-up remsined spproximately 97% of normal
Maximum anteroposteiororateral angulcion (kypho-
sisorscaloss) and coreetion ofhorizonta dislacement
{tanslaion) were maitained with no signfiant los i
posiion. Overal, at 24 month ollowupthe redction-
Fxaron fxaton mainained averag correcion to within
97% of normal vertbral body plus dise space heght, 0
angalation, and 0.7 mon of ransation (Tabl

Al patints had a pain level cvaluation a¢ thei 24
month follow-p. Twenty three pitients wereingroup 1,
reporting themseles o be compltely ree of pain, and

,’]

Faus & A 72 yuarolt man sstanes an uystable L3
e s . o nd s el it
ot AB, Froopraie araroposarar
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o o ntmetaion o oo it 5 e
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antomi rsducion.F,The postoperate T sca e 33 econstuction showed marked mprvament of v 3t ons s The
vt ecavred o Fank] £ hance: an e copecom was nt et

10 patients wereingroup 2, having only occasionslpain
ot requiring analgesics No patints were in groups 3
ard

All paients had  minimum number of segments
fixated (the fractured vertebea, one above, and onc
below). Mean operatng time was 2.0 hours (rangs,
17-2.4 hours). The verage blood lss was 2 nits. The
vigity of this system appeared to minimize postopers
tive pain and facitae mobilizacons al parints could
begin rehabiltacion i 3 ight, xteenal orthoss wihin |
week. The mean hospitalistion fime was 13 days (range,
221 dayy

Compiications
There were no wound infections, and o tarogenic
earologi defcts. Twcases had erew breskageoceur-
ring at 9 and 11 months because of nomunion of the
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fusion. Bt cases were sreated b eepir ofthe nonunion
andrepacementol the broken screws, and resuls i bt

Medical complcations were ko elatively minor, and
allwere resolved, The most common problem wss cath
et elated urnary race nfection, n four cascs

u Discussion
In consdering the management of patiens with burst
injuics o che thoracalumbar spine by posterior instu-
mentation, borh rigid fixation and anatomic reduction
should be obtained.

The fixation provided by the reducion-fixaton sy
e wasrigid cnough o allow all ptints i this serics 0
eginrehabitation and mobizarion wihin L weck aftr
surgery. The factha there was minimal los ofreduction
after an average 2-vear follow-up frther proved the
iy of this ystern.

Full corection of vercbral height, aligomen, and
displacement with an anatomic reduction maximizes
sestoration o foraminal and cansl accas, This el oftcn
indirtly reliee pressure on the cord and roors from
intracanal fesgments, with the goal of obtaning ade.
quat “indirect” neurologie decompression and educing
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thenumber of cases necding subseqent “diret” decon
presive operations theough an anterior approach. The
mechanismof reduction ofspial racures by distraciion
forces is generally thought 0 be “lgamentoraxis,” that
israligning the bony agments by applying ensiefree
o their ligamentous stachmers.

According 0 Deni' dhassfcation.” the burst ractuee
esules from filure under axialload of both th anterir
and middle columns of the vertebra. Hence, an axial
diseaction force is esential for obtaining anatomic e
duction of burs fracures. Any posterior column-based
disractive spinal instramentatin system using hooks,
such 25 the Harrngeon dural distracion rods, works
cccentricallyfrom the center of roarion on the poserior
column, and.tends, when distacted, to produce an
mwanted kyphoti tle o the imstrumented end verte:
brac. These it dampen the effects of reduction and
indisec neurologic decompression of a distacton force
by forcing the posterior longitudinal ligament with it
artaching bony fragments toward the antrior aspec of
he dura (Figare 3). Using postoperatise magneic reso-
ance imaging, Bazdort ¢t al° confrmed poserior mi-
ration of the pinalcord afer enlargement of the cervi-
Gl spinal canal by laminectomy in_patents with
relaivly normal cerviea lordaric corvature, but not in
patiens with straightencd o kyphotic curvature. So,
Shearencally, lordosis of the levels adjscent o the rac.
tured thoracolumbar vertebra muse b creted when a
posteror distractive instromentation i e, to allow
posterior migration of the injued spinal cord o cauda
away from the posteriorly protruded bony (ragments or
dise material, and to optimize the effec of indirect
erologic decompression. Newer madificatons by Moe
and Jacob allow the lordoss o be contoured nto the
rod in combination with distracion force. Contoured
rods offer a consderable biomechanical sdvantage for
he tecatment of spinal rauma, 12 as they theoret-
callyprovidea “chird” pointof ixation. Butin the clasic
bt fracure the pedicls are discontinuous with the
remainder of thevertehra body, which may be pulver-
1ed 0  greater or lesser deggee; hence, appling the
Correcion force diseely on the lamina of the fractured

fevel o crcate lordosis by a skeve mechanism or by
contoured rod, without aretulevalation o the confie
racion of the hurs frscture, i very kel to resul in 3
further narrowing of the spinal canal in some cases
Fredrickson e al*confirmed thispossibiliy. They used
Harrington distracrion rods and a sceew-type meshanism
(simila o 3 contoured rod or sleve mechanism) t0
reduce inracanal fagmments in experimencal burst feac
tares, and confirmed that kyphos correction by this
means can incresse camal compromise. Dick. Achi,
and Olerud all emphasize the smpartance oflodosis or
near-anatomie redction, bt they used a three-coumn
Tevel arm mechanism to creat lordosis idireel, acher
than pushing dircty a the kyphs

“The mechanism of reduction of intracanalfsgments
of hurst fractures wasstudied inexpeiments petormed
atthe Orthapacdic Laboratory of SUNY Helth Scence
Center (Syracuse, NY).' Experimental hurse fractures
were created i six young adaveric spines according 1o
the technique of Fredrickson ct al, " and reduced by
spinal instrumentations 1o derermine what reduction
forces arenecessary forrecction fntracanalfsgaents
i thoracolumbar burst fracrres. Three pedicl screw
devices were applid to the specimens following the
commonly accepted clincal techmigues for esch devic.
“The fsateur interne and the redaction-fixation systen
provided borh discraction and lordosi. The Stefee de.
vi provided disraction only. lin ilms and CT scans
of thespecimens were taken before and atr eration of
the fracturs, and following application of the thiee
devices. The reducton—fxation system provided sym
mesrc lordotic distracton ficientl, consistenly re.
sored prefraccured lordosisalong with bady height, and
increased canal area the mose. The fxateur ntene o
vided variable lordotc disraction, restored variabe lor
dosis, and moderacely increased canal area. The Scfe
device provided excellent distracion of vertcbral body
cight, but did ot create ordosis, and decreased canal
compromise the lcas. Th resulcs confirmed the need for
symmetic hree column lordori distracton of the disc
space and vertchral body o obrain the best possible
eduction of ntacanl fragments (Fgare 6. 1 also e
phasize the imporcance o thesequence of reduction fe,
creae lordais frt, then provide symmetric lordotic
disracton]. The sequence is conteary 1o the meshod
proposed by Acbi,*who recommended that the sequence
of recuction uing the ixatcur inerne should be disteac:
tion, lordosis, distraccion. | belive that once any lig
ment s ensed by th firse distraction, lordoss s hrd to

= Summary
The reduction-fixation system provided_symmerric
three-column lordotic disteacton and rgid fixaton,
schicving near-anatomic reduction and maintenane of
ixaron in this seris of 3 cases. The average vertbral
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bady height was restored 10 98% of norml, maximsl
tramition was reduced to 0.7 mm, near compete cor-
rection of angultion was obtined, and 33% of add
onal canal crossseciona ares was rstored in cases
operated on soon afernjury. The rgidiy of his sysem
llowed rapid mobilzarion in  light, external orthoss
“within 1 weck. The mimimum follow-up inthis serics s
24 manth, Most racurefusions e hesled at s point

Fur . A comgarae sty o dcton iy o h Fstur
I, scucio fnson, ond Stase s uong 3 cacovrc
s scrs madal Redicton-Testan coul ol v
i dscton sicony. cesed et rdons
Constany,snd inreased caral re e st ot s
rodedvanabaiorioe dstscion, reteeonalo o, i
s cans sus modartey. Too S sysem rovied
svacion ok, wibu cresind s, nd cropsd o
e s e Sy conmed Tt syt e o
o datscion ssuied n e bet pssbls reducvon o
Esgana g

and o signfcant loss of corection has occured, This
eviceachieved thesurgical oal of postrior nsrumen
ation for teatment o thorscolumbar hurst fractues,
and provides a more efectiv ool in thespnal surgeon's
Feducton and fxation armamentariom.
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