[image: image1.jpg]A Reduction—Fixation Instrumentation System for Unstable
Thoracolumbar and Lumbar Fractures

Kao-Wha Chang

L2 T =S AR A TET Y
FERELTAFTZA SR




[image: image2.jpg]A Chin Med J ( Taipel) 1900, 45: 35162

A Reduction—Fixation Instrumentation System for Unstable
Thoracolumbar and Lumbar Fractures

KaoWha Chang

Scction of rthopuedic Surgery, Deparmens of Suoger, 803 Army General Hospital, Tachung, Tuwan, R 0.C.

Abstract

Thitythace patients with unstable burst fracures of
the lower thoracic and lumbar spn wer trated with
5 Reduction Fixation. Instrumentation Systen (RF).
“The new system s wed both a3 eduction device and
5.0 fxation device for disorder o the lower thoracic
. lumbar_ spine. In tretmentof. spinl fractures,
it provided thee column axial distraction and tailzed
the injurd vertebra in 3 lordotc position — this
mainied the reduction and. ndiretly achiesed
earslogcdecompression by lgamentotaxis,  All
ptiets had 2 minimun followp of 24 months, Most
patients in i sris hd » nar anatomie reduction of
all the columas n the involved segmen. The ormal
ordoss of the humbar spine was crated effectiely.
The “indiect” neurlogic decompresion was more
suceesful in cas weated carly afer injry. There
were 0 nfetions, itrogeni. neurologie. defcts or
nstrumentation fafures. The RE syt gave improved
sl over_ comentional Harington and. segmental
spinal_instrumentaion sytems andonly required
iction nd fsion of thce vertebra el

Keywords: burst factues, Redueton Fixation Insi
mentation yem

Introduction

This il deseibes 4 nw iernal iation device
fo fscares of the low thoracic and. fumbar spine
The sysem can apply muliple corective forces t0
facilote reduction of spinal fsctues and it s allow
segments] runspediculr serw 7gid fxation Wt i
imited only 1o the immedisely adjscent vertebra of
A sl facare. 1 i furthe offered 3 an altermatve
0 Haringon rods o the segmental spnal nssuments.
ationof Lique

Sucessul sugicl satment of low thorscc snd
lumbar spne. fracunes by poserior nstromentation
system should be directed towrds the following goul
1) atainment and maintensnce of smatomie eduction
2) abiaining 3 neurologic decompresion vi lgunento
s, 3) Himiing the rurber of srumented veiebral
motion segments 10 as fow s posible and 4) allow
rapid mobilzaion and rehabilation. 5 In devloping
i new system, the shove mentioned crtrks are et
based on the notion of an ieal possrior fation
devie for fractures of the ower thoracic and humbar
spine.

Description of the Reduction-Fisation System

The sysem is made of stiness stel 316 LVM,
1 comsists of Usshipe esded cancllous sxews of 6.3
mm damete for wanspedicaar ixation i the vertebrl
bodies nd threaded lorgiudinal 0ds o § mm diameter
1o conneet the s (Figare 1), Ther are four angles
5%, 10°, and 15” between the Uhape serew head
and.the Shank of the scrw, One sde of the Ushape
screw head s fat, the other side s concave fo
accomodate the cond-shaps washer. Wtk cach olumn
Of the " hape sctew ead there i 3 sl scrow hole
for 3 Tock srew af 3 mm diameter 0 lock the od to
the Ushape scrow head (Figure 14). One side of the
rod is lat and on the other side of the 0d there s
4 it o accorbodate the lock sseew of the Usshape
scon head, The Ushape headed transpedinlar ssew
can move aong the rod frely by moving the hexangular
paed washers 10 generate varous corrstve forces
witkout spping out the 1od when the lock xrew of
one of the two colums of the Ushape scew Head is
drien into the sor of the rod. The Ushape.
headed trsnspedialar serow s sgidly fxed o
the 104 by hesangular washers with fied angle (0",
57, 10°, 15°) benween the shank of the serew and the

e ey 199, Acepeed 20 Ocober 1990,
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Figure 1. The Redctkon Fixation nstramentaton system,
Figure 1A, The dissmbled Reduction-Fisation system. The Ushape head tsanspedicular serews, Wit lock serews
the rod and washers,and ransverse tor. Ther ar fourangle of 07, 5 10° and 15° becween the Ushape-srew head
an the shark of the screw. One sde of the srew head s fat, Uhe other sde i concave to secomodate the cone shape.
‘washer, Within cach columi of the Ushape screw head these is 3 small scew ol for  lock serw 10 Jock the 104
. the Ushape srew head 10 prevent the rod fom slipping out the Ushspe serew head whie genersting varkous
cursetiv forces from chis system, On ane sde of the rod there i o ot 1 sccomodate the Jock scrow within the
Ustape serew head. There are two fypes of the hexangulae washers, Ore type s Taten bot sid. th other type i
coshupe. i the side wlls of the washers there arc lock seres 1o Jock the washers on the rod and to prevent the
washers from ooseniny. The iransverse fbator coussts of clamps and & 2 x S hemispherical od nd depends
o ki serws i the lamps o i the ranserse Fixator 1o the longitudina r0d
Figure 1B. The assentbled Reduction Fixaton syste. The Ushape-head transpedicala scros can move s the rods
ey 1o provide 3-column distacton force. They ca be Fied n the desred Jumbar lordoti configurstion. Note
thlordotic Ul of the Uishape hiad transpedicular screws when th palred wishers e fghtoncd to the Unhape srew
e, The angle of londotic Gt depends on which angle between the sseew head and shuk of the Ushaphead
Lanspedicular sceew i chosen

1od. The angle depends on which angle hotween the
screw head and the shank of the Ushape-headed tran
spedicuir serew is chosen. There are twa type. of
hesngular washers, One (ype s fatiened on
both sids, the otber one is conestaped 1o T the
concive. suface of Ushape scew head to furher

prevent the od from sipping out the Ushape screw
ead. One paie of washers (one fla type and one cane.
sape type) is wsed to fis one Ushapeeaded transpe.
dicular serow on the rod. In the side wals of the
hexagnular washers there e screw holes for lock
screws o lock the washers on the rods and to prevent
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the washers fom loosening. By moving the pairad
washers and. the Ussapeeaded.trnspedicular serovs
along the 100 perits application of fores to produce
yphosi.lordosis, diracton and compresion. Finaly
ey can be gy ixed in she desived lumbar Tordole
confgurstion (Figus 16),

Swgio Technigue

Postorexposure with locaition of the
sppropite petide and placement of a 3mm guide
i a5 deibed by Dik. The postion o the uide
pin should be checked by image nensication. Once
the guide pins s n coret potio. the holes st then
Gpped for the Ushapeheadsd tevmpodicun srew
with 3 cancelous hone tap. The depth of tappin s
monitosed by sl image nicnsifir and Usape
eaded trunspelicalr o of spproprite ength wece
deteemined. Approprse angle of the Ushspe headed
rapedicn rews were Shosen preopasinely for
sating norml et oo, For e v b
ey atecal amba plsin Xay s, the lrdoss
reated 1 accoding 10 these i For e witiont
prijry b plin Xoray i, the horacic
kyphosi was ned 4 refeence, and the mbie
Jordois s creted eqal o ight g than th horacic
Kyphios. T genral o T12 L sturss waschoss
srens of 0’ dege to st sraght thorcolumer
Junction. For fractues below L1 (12.15), ve chose
e of 5, 10 o 15 degre o crose lumbar fordoss
‘whih e bl sl sarts t LLL2 snd gradually
ncass 1 sach evl Camly o 0 the sscrum,
Only thre verchrae, one sove and one below the
e, e mluded n the ivation, Then the U

i anspectar s of detemined ength
“were mpanted o the et sbove 4nd
e Tt verehra The ods with paes of
wairs s put It e Ushap s b ad the
100 e ook I the Ustare s head by
e ok srens, which e the o cos

of “Uisape srew bead, s the ot of the rods.
Alr thi procstur the ro ar locked 0 the Ushie
e beal and esmit corsctive forees gnertad fom
i sy ALhis ot reduction of the bt fractuee
v s ot by presing the i wshers Gy
10 the atipe srons hend 1o et the oo .
mind greopertvly. nd thn by movig e Ushape
Readed trspedicur s wih pais of washrs
o cach other 0 provide foees 10 produce
ind oo smutscoudy. (Fiare 2)
o for these mmediae djscnt
4 10 s th aieior snd il

columas of the frcaured verebrae but alo force the
posteior longitudinal Tgament sith s attachd bory
fragments urher anteriorly wvay from the ncual tse
1 enhane.the effect of indiet neurologle dcom-
preson (Figwe 5). Aer satisfactory reduction has
hoen schievd, il washers were iy fixed 10 the
tods by screving the fock screws which ae n the side
wals of the washers agans the rods tighly © prevent
Ioosing, Two transere fxators were added routnely
or additonal otatonsl sablty. Face shizotomy of sl
facet joins spanned by RF system was done routinely
Afer sweure seduction and fiation have been achieved
a short fusion the kngih o the nsiumentation (usualy
including fractured veriebrae und the two. adjcent
involved vertebrae) were performed il fiee bon
it (Fgure 3.4). The patents were instaucied 10
e coret when ot ofhed for six marehs.

Methods.

Thityahace pationts with thoracolumbar_busst
Facturs reted by open cedustion snd nteral xation
with RF system with 3 minimun postopecarie fllov.
Up period of two years in the Orthopsedic vison of
503 Amy Generil Hospial, Tawvan, ROC. arc
included in this sy, The mean of folow vp time i
2.7 months (range 24 t0 36 monthe). The average
580 of the patients was 335 yeurs (unge 19 ta 59
years) The ertebrl level of injury was the twelth
thoracic in seven, first lumbar in igh patent, the
second lumbar in i, the third fumbar in seven. and
the fourth lumber i fve. Twentyseven patients had
been injred in taific acident or faling from height,
and e in suiede stimpts. Denis csafcation™
OF burst fracturss was v in vsliton of il arients
in dhis serfs: Type A (e patients). Type B (iteen
putents). Type € (e patents), a1d Type E (four
patent)

Paln roentgenography was performed preopera-
ey, postoperstivly and i followap. Computed
tomography 1ad been perormed before and afer
sugery for all patients. Spinal aignmen, cestorstion
of vertebral ody heght and position af the posterior
vercbral body cortex ow of the spinsl canal was
cualuated radiographically

Preoperative and  postoperitiveantroposerior
and radiographs were messured to quantiate vertebrl
eight,_ maximum sngulation, snd muximum diplce-
ment, Vertebrl beight was reporied 35 1 pescentsze
of norml antrio sertebral body plus dis space height
Normal elght for the ijured segment was detenmined
by averaping the vertchial body plus ik beight of
the i normal segments immedistely sbove and below
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Figure 2. The princple ofreducton of 3 burs facture:

Figure 2A. The niial poston of stk af the RF system s shown befor the washers a tghtenec.

Figure 2B, Prsing the washerstighly aginst the Ushape serow head forees the insrumented ceplilad

 sandad

wertebra to rotat into lordotie detrmined preoperaciely position. This acion not only reduces the snierior nd
‘middle ostecligamentous column but s orces the posterior longotdinal ligament with s actached bony faments
furthes aterorly sy from the neural tisse o enhance the efec of nditct newrolegi decompression.

Figure 2C. Mo

g the Ushape head transpodiculr seews with thei paied wshrs avay from each oher appy fores

o produce distrction forlonitudinl reducton of eigh and yphoris reducton.

the inurd vertebra, Maximum trandation (horizontal
Gislacement) was messed 35 the perpendicuc
itance n milmeers beween verticallins projecting
rom the posterior nd lateral edges of the disocaied
vertebral hodie. Maimum anguation ws detenmined
by Coblh messucement on antcroposterior and lsteral
nadographs. 1o this sudy. the. awthor vsed cros:
vl shove and level below 1o fixed asersge
sectionl canl res on CT to asessthe degree o which
s ystem alone was abe to indieely deconpeess
the cond o cad quina. All cses had pre-and posto-
peralve CT sudies. Usig computerized plasimetry.
e aren of the camal st the level of maximum
impingement was clcuated 3 3 percentge of normal.
Normal are (the denanirator) was based on the avrape
area for the same porton of the adacent proxinal
and distlcanal aea

The neural defiits were categorzed aceording
o Frarkel gradss. In s srics, there were tweny.
e patents with newrologic deficts — Frankel B,
five paients: Frankel €, nine patents; and Foanel

D, seven patints (Tabl

“The pain sl used in (s series was 3 ollows: |
1) o pan: 2) mild pain (occassonal minimal pain,
o i medication wse); 3) mederate pain (occssioni]
i mecicin, o sgnifiant change . aciviles of
daily ljing) 4nd 4) severe pain (tequent medicaton |
and synficant change i activiiesof daily ling).

The sverige time nterval fon! njury o sugery
was five days, with 1 range from within the fis 24
ours 0 20 days. The deay from injury 10 sugecy wes
due 1o fate seferal, Fortunately, all ten patients with
incomplete newologi deficis were al operated on
within four days

Results
Aligument
Average preoperstive height of vertebal body and

aisk space height was 2% of nomul (cange 39% 10
779, Avesge postoperative resorationol ertebal



[image: image6.jpg]Figire 3. A 32yeirold male sustined an unstsble L3 burst factuce with kyphosis 3nd ad Frankely € nesrologic

functon

A+ B Breoperaive anseroposterior and lateral radiogrphs show the unsable natuse of he three column iy

5 the ntrpedicutr distance i L1 s widened
€ The preoperative axial €T scan and sgital reconstruction shows over SU5 f spinal canal encoachment

D + E — The conssponding postoperative snieroposierior and latrsl radographs olloving RF instromentation

Notce thut lordoti 1 of Ushape-hend transpedicalar sre, anly thee vertbral levls were required fo fusion
and isrumentation and nearanstonic reduction

F— The poroperatve CT scan and gl recomstruction shows marked iaprovement of the nevesl canal acs.
lthoug 5 ot siatomcally normal, The patient recovered 1o Frankel E: herfors, an anterior corpectomy way

ot ndicate.
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‘Table 1. Radiographic Evaluation (in 33 Patients)

Verttral Hight()

Tranlcion (mrm)

Angalaton Cobis Method (des)

Ronge  Mesn Range  Maan Range Mean. |
Poopersive 3977 a2 u 1530 2t
Posoperahe 95100 08 01 a1 o
Comeetion B9 a 315 95 1526 2
Follow-up. a9 02 07 e o
(4 months)
Losof 01 ' Nome  Name None None
Corection |
“Table 2. Canal area on CT (%)

Witin 1 Week Between 1 &2 Weeks More than 2 Weeks

Following njury Following Injury Following Injury

Range Mean Range Mean Range Mean

Preoperstive 78 & s @ 7388 E
Postoperative 7693 5 B w 784 ”
Comeetion 247 5 1831 2 01 '

bidy and sk space height for all consteucts was 9855
(ange 95% 10 100%). The mean comecton obtained
a1 surgery was 8% Maximum preoperatve satero-
postrior or lateral dispacement was 11 mm. (ange
317mm) Maximum postopesiive snteroposteior or
ateral displacement sveraged 0.Tmim. (e 02mm)
For dhe majorty of patients in this seres kyphosis
was completely corrected. Average angulation was 1°
of kyphoss or 1° relatie lardosis and 07 solisis
(Table )

Neawologic Decompression

For cases treted within one week of injuy, RF
restored 335 additional camal are (from 245 to 475%).
When surgry was done between 7 and 14 days after
injury, 24% additonal canal area was restored (18%
o 317%). There was litle mprovement in canal arsa
when trestment was delayed for more than two weeks
(Table2,

Every patient presenting wih incomplete neucologic
deficits showed signiiant newrologial improvement
O the five Frankel B patients, o mproved to Frakel
€. one improved 1o Frankel D and twa improved 10

Table 3. Properative and postoperative fun-
ctional neurologic levels

Frankel Functional Newologic Levl

Preoperative | Posoperatie
Ao ABCDE .
Ao 00000 o
B s 00212 H
co 000356 B
b7 00007 7
E o 00000 0
Tw2 002315 2

Tot21 patents with an incomplete neurologi defic
preaperativly

Frankel E. OF the nine patients who were Franksl
€, theee improved 1o Fraakel D, s mpraved to Frnkel
E All seven patients who were Franke D preopersivly
recoverednommal stzength and sensation following
RE instrumentation (Table 3).
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Figure 4 A 24 yearold male sustained both L2 and L3 burst rsctures with Frankel € neurologic deficit
A+ B - Preoperstve anteroposterior snd lntersl (s

deformity.

€410 The conesponding postoperativeanteropostriar and laterl radiographs showed nesr-antomic reduction after
RE strimentation

phs show the three colunn distuption snd kyphotic
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Figore 5, The meshansm of indirect neuologic decompresion by R sysiem. Distracton sppiis tensile force 1o the
postrior longitudinal ligament. i ura, the losdorc Ul forces the postrior Jongitadinal liament with its sttaching
bony ragment to move anerioly away from the jured cord o canda equina. O the contrry, the common poserior
columnbised spinal_nstrumentation, such o Harsington distracton. rods, tend, when distracted, to produce
an uwanted kyphotic 1l 1o the instrumented end verichrc, force the postrior lonpiudinal gament with it
ataching bony fragments 10 move posierory toward the injured cord or cauds equina and dampen the sifect of

et newrologic decompression.

Maintenance of Corection

The effectveness of any Rxation device s s ablty
to provile maintenance of corection. The averize
Toss o height or he disrupted disk space and frctured
serebral body was limited to 1% The resuling avrsge
veriebral helght plus disk space height at 24 months
folowup remained_approximately 97% of normal
Maximun anteroposterior o laeral _angulaton
(kyphosis or scoliosis) and_correcton o herizontal
dispiacement (isandtion) were maintained with o
signifiant 1oss in posicion. Overal, ac 24-month olow-
up R fixation mainained average corrction 10 within
97% of normal vertebral body plus disk space high,
2610 dogrces angilation, and 01 mom. of translation

(Table 1)

A patients had 3 pain evol swalation 1 tht
24month follow-up. Twenty three patints wete in
Group 1, reporing themselves 1o be compltdly fre
of pain, and ten patients were in Group 2, hving only
occasioral pain ot requiring analgeses, No palens
were in Group 3 or Group .

A but o patint had only to-segment fsatian
(o ertebral motion segments, three verebral Iovel).
Mean opesating time was 2.0 howrs (ange 1.7 hours
10 24 hours) The average blood loss was o units
The rigidiy of this sysiem sppeaed to minimized
posoperatve pain and facliate mobilzation. The
mean Rospitalization ime was 15 days (cange 1221
days).
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 were ia wound infectons and no ftropenic

detaronation.

sl complications were dlso rolatvly minor

tesalved. The most_common problem was
d inary taceinfection i, our cases

* Thoroolubar rscturs s usaly duc o complex
ypisly coniining il compresion, flexion
o These {orss afen s the spne unstble
or more planes of mation. During the past two
e s becn steadly mrcasng awarenss
o dictly s 41 deforming forcs i
it 3 more satonic educton. Eurly
et vaew ndrmenttion st showed
of maniaing sable Tation Wi, i

vl of fusion and instrumentation *>4¢

np 1o Denis clssificaion” the burst

dion force fs esential for obuaining
stion o burst ractures. Full oresction
 feight, sizmment and displacemens of an

dlcation maximizes restortion o foraminal
Thiswill often indirctly relieve pressure

and toots from bory fagments Wi the

o obtain adequite “indirect” neurologic
o s seduce the number of cases needing
{ “diseet™ decompressive operations through
approssh. The mechanism of reduction of
oy distracton forcs is generally thought
mentotaxis” 1. the bony agments
swiing ensle foree o thee lgamentons

poserior colimnbased discractve spial
umentation sysem wsing hooks such as Harrington
I dituaction ods works ccsencrcally from the
e o foraton on the posteror column and tends,
distseted, to produce an unwanted kyphoic Ut
e end vertebrse. These tlts dampen

af rduction and indirect newrologic

cction fores because of forcing

o Jongitudinal lgament with s attached

cats tward the anerior aspect of the dra

ntive magnetic eonance  scanning,

fimed. postrior migraton of the

enlrgement of thecervical

lamingctomy in patients  with

cervial lodotie cunvaure but

ents with susihtened or kyphotic

curature, S0 theoretaally, lordosis of the levels
immediately adjacent o the fractured thoracolumlar
vrtebra must b crsated when 4 postrior distactive
imstrumentation used 1o optimize the eflet of ndirect
neurologic decompresson. (Figure ) The faiure of the
sl Harrngton system 1o preserve lumbat lordosis
has been well deserbed. and, in fact, his system may
ncrease the kyphosi 0 and dampen the effct of
indirect newrologe decompression. Newer modifcaions
by Moo and the Jacob's locking ook system allow
contouring of lordosis o the rod in combination
with disracton force 1 Concoured rode offer 3 corr
siderable blomectanical advantage for the treatment
of spinal trauma®5% as theytheoretically provde
a “thied” point_of fixaton. But in the classc burst
facture the pedicles are discontinuous o e
remainder of the vertcbal body which may be 10 3
sreater or lesser degree pubvrized. 1o apply anterior
corction force directly on the lamina of the ractured
level 10 erested lordosis by sleeve mechaniam or by
contoured tod_ without carefully_ ewalustion of the
configuration of the burst fractures i very much likely
to narow the canal furher in some cases. Those
modifcations abvays requice two o thice levels of
nsttumentation dbove and_below the. injury. 5
The Jordosis of the immediate adjacent levls to the
fsctured vertebra can b effacivly creatd by the RF
sysem by the londotic s of the end transpediculr
srews, Efiient reduction 1 indirect neurlogic
decompression san be schisved by the forces of
distaction and lordosis being applied. drecly across
the poserior longitudina) ligamens. of the fractored
vertebra.

The RF fiation ystem is based an ranspedicular
srews which span the maorky of the anieroposterior
dimension of the vertebrue. The distracion forces
provided by i can be transmited to al thre columns of
the spine withou_producing detriments] s of the
insrumented ond  vertebrae, In  addtion, the
immediately adjacent levels 1o the fractured vertcbra
can be well kept in londosis by the fixed lordotic anle
maintained. between the Ushipe headed transpediculr
screw and e rod. This “immedintely. adjscent levels
lordoss™ can optimize the effect of an “indirect™
newologiedecompression by forcing the  postarior
ongitudinal lgemen with fs attached bony fragments
forwards away from the injred cord or cauda cquina,

The RF sysiem achiewd the objctives of
blomechanical reduction of the spiral canal 30
maintenance of fixatlon in this series of 33 caes. The
aversge vestebral body height was resared 10 98%
of normal, maximal transltion was educed 10 0.7mm,
abtained near complete corection of angulation (Tuble
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1), w14 sestoration of 33 addiconsl caaal cross.
Secional svea i fresh sases (Tsble 2). The righlity of
s sysiemallowed ropid mobilizstion i u light,
extarnal orthosis, which was womn for 12 weeks. The
minimum follow-up in tis series was 24 months. Most
fracture fusons are healed at this point and no signi-
Reant foss of correction occur, This device does not
change  the indications  for  operstve
mamsgement i spinal trauma but does provide 4 more
efective ool i the spinal surgeons fixation arman.
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