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Seventeen patients with rigid thoracolumbar angular kyphosis due to neglected
fractures or dislocations were treated by a_standardized single stage
monosogmental or bisegmental anterior discectomy and posterior closing
extension wedge osteotomy. The 2- or d-lovel Reduction-Fixation (RF) instru-
mentation was used posteriorly for correction and fixation. Choosing angled
pedicle screws according to preoperative measurements, the method can always
correct the kyphosis to the approximate sagittal curvature which is planned to
create preoperatively. The average procorrection of thoracolumbar kyphosis
was 19° and was restored to 1.2° for an average correetion of 37.8" (range 22°-66°)
with subsequent average loss of 1.1° at final follow-up. Before operation, the
complains wore slow progression of kyphotic deformitics, fatigue, and pain. All
these problems were solved by this proceduro. Complications wers minimal and
mild. No neurologic complications occurred, Follow-up averaged 2. years. This
method can correct rigid post-traumatic thoracolumbar angular kyphoses to
normal geometric relationships as planned preoperatively without much

negative effect in lumbar motion and any sacrifice of safety.
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Shor-curved o angular Kyphose i goneral hsve
diflernt pathogeneses that ocour sither by destruc
tion (fracture, flammation, tumor, or  laminec
tomy) or by localised malformation  congerital), The
renliing angulation is sssocinted with 3 focal
derangement ofche relationship between nerve, bone,
and ligamentous structures. Likewise, cond and root
compresion, deformity, end sogmental nstabily
represent the clinical corecltos, which demand
surgical intervention. The trescient of wngular
kyphtic deformities has alwas presentod s challonge
torthopasic surgery.

Moe et al® have slarly autlned indicatons and
trstmens protocol for the. treatment of angular
yphosis. General prnciples consats of 1) decom
presion of the neural canal; 7). traction foe correc

id thoracolumbar angular kyphosis, reduction-fixation instru-
 angular pedicle screw.

ton of doformity i indicateds 3) trut guafing
anterioly; and 4) supplementary pasterior fsion
with Tong istrumentation. When the angular kysho
s is ocated at horacolumbar sine, the posterior
Jong instrumentation has ngative effect in humbar
motion and sometimes the saictal curvaturs creata
can ot be approximate to-the curvaturo that the
surgeons plan o cruate. Patient without nearologic
defects can develop mechanisms of compensationfor
paraplegics, howevor, o st thoracolumbar o humber
£pins provalos rehablitation problems. Farthermore
atrogenic neural damago could happen if the
deformity s corocted by a psterior long intrumenta
tion without adequate anierior dacompression of he
neueal cansl and relase of the rigd kyghas.
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[image: image3.jpg]When surgiealy seenting rigidthorcolumbar
angular kyphosis, the ol are to. ackiove the
ollings:

[ Raconstruction of normal geomatric relcion
hips must bo accomplished sccording % prooperativs
Slanning

(2 Reconstruction procedures shall be ns fiw
sogments 4 posstl to avod dampng or scricing
healthy neighboring segments (1 o other mathods
ich s Rarrington, Luaue, Cotrol Dubousset |

13/Secure and rigid fusion of bones must be

18] Complictions should beminorsnd il

This aticlsreports th resulsofseventeen s
of posttraumtic thoracolumbar angalar kyphosis
tronted with one stage dorsoventrodorsal cor.
recion iation procedures and. to- or threeovel
Raduetion-Foxation (RF) 41 instrumentation. f0
achicvs tha above mentioned goul,

Materials and Mothods

The paiencs n this seres wero trated at 803
Army General Hospital, Toiwan, the Republic of
China. To obain an uniform group of patients or
sy, all these patients met the fallowiag erteie:

w

Fig. 1. The Reduction-Fixation instrumentation. syetem.
system. The angled pedicle screws with set screus

1) Al paienss with angular kyphosis from couses
osher than trauma (congeniea, dvelopmental, and
nfucive naure ) wers excluded. 2) All ptints who
i rceived previous opertion for the kyphoss or
the injuies wore excluded. 3) The location. of
kyphotis was Jimited to thoracohumbar rogion
(T1215). '4) Therigidey of kyphosis was confrmed
by Hexion-extension stres flms. Radiographic
docamentation and svaluation consited of danding
nteropostrior and lacer vieys. The kyphosis was
measurod between the superior_endplate of the
vortabra immediately above the wedged versbra (for
fraciuees ) or the disruptive dis (for disocations)
and tho infrior endplate of the vertabrs immedinely
oclow the wodged vertebre orthe disruptivedise. Tho
fusions wero evalated with fleion-extension radic
raphs. Computed tomography and. myclographic
Sudios Bad been_performed bofore_operstion
evaluste the topograghic rlatonship of neural
rucaures o vorusbrae The porinent adiographs had
oen duplcated for oach patinc and wero availabl at
the timt of review for all patients In the serics.
5)The. documentation of dhe pacients neurslogic
atus by ovaluation of muacl srength as recommen.
Gl by Bimont ¢ 4l had been rocorded i
prospecive fashion at the timo when tho patient was

A) The dissembled. Reduction-Fixation
. Tie anled pedicl e the rod with raction muts, and the transerse
connector, The angled pedicte serew are U-shaped head serews and are offared i four angles- 0, 5 10,
and 15", This measurement is the degrae o angle betuween the U'shaped screw head and the shar of the

) The assembled Reduction-Fixation sstem. Nots the ordoti it o the angle screws her

the paired iracton nits are tightened t the U-shaped serew head. The angle of the frdotic (e dipends

on ihich angled serew s chosen
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[image: image4.jpg]seen in my hospital, during hospitalsation, and ac
g term followp. ) All patients had  minimes
afwo years of follow-1p.

Seventeen putients met thee riteri. There were
14 male and 8 fomales withan agorange from 16t 54
with 4 mean age of 41 yearsThe length of ollowup,
wveraged 28 years  range, 2 0 4 years). The level of
Kyphosiswas the Guolfththoraci n 5, the st umbar
'8, tho socond lumbar i 3 and tho third umbar in 1.
The mean nterval between injury and susgery was 45
yeurs (range, § to 10 years). AN paciencs fel
progrseion ofthe deformiies and al pesented with
low back pain which was progressive in nature and a
focling of constant fatigue which became worso s the
day went o, In thisseie, thoro woro eleven paients
with inact_ neurological function, & patents with
neurlogic daficits—class A, thrse patients, class B,
o putints und class C, one patient. Al patients
underwont  singlo stago monosogmental o bisog
mental antorior dscectomy and postorior closing
extension wedge ostotomy. The tno-or hreelovel R
nstrumentation was wsed postriorly fo corrction
and ixaion. Monasegmental corrcsior. Txaton pro-
codures were usod for cases of neglectod dislocatons,
Bisegmental coroction fxation prosadires wero used
fo cases of noglocte fracture. Spinal cord morico-
ring oF the wake:p test has noe beon used n thess
cases to_ date, The oxcsed diecs vero cxamined
hisologically by a pathologit. Pacents were allowed
to umbulat caly posoperativly and were ited with
a plscic. thoracolumbar orthosis which they wore
from 3 o 6 months. Al patients recived prophylacic
antibiorcsfor 4 hours.

Surgical Technique and Planning

The fes: proceduse consistad of posterior ostec-
tamy at the Tamina of the wedged verabra or t the
facats oftho level o disrupive dise and seing u the
RF aysem without ightening. The intrton of angled
pedicl scrows choul beas aralel o tho ondplatas s
possible. For choosing. angled podicl. screws of
appropriste angalacion, the thoracic kyhosis was
Gied 5 a rofeence. and the lumbar lordosis was
croatod squal to or sighty larger than this measure.
ment.In general,for the angular kyphosisat T12 and
L1 evols, the angled scrows of 0° angulation were
sed 6 creao a straght thoracolumbac juncton. For
fraceures below L1 (L2-L5), scrows of°, 10, o 15"
angulation were used to create lumbar loxdois,
gradually increased tho degres of angulation at ach
el caudally,

Tho sacond procodues consstd of tamporarily
closing the wond. reposioning the patint s atsral
Gecabivus poston with 1ft sids up, d xposing the
venteal porton of the kyphasis theough transthoracic
rtroperitoneal o rostoperioneal approach, and an

terio discctomios including the contracted anterior
longiudinal ligament through the dises above snd
below the wodgod verisbra buck to.the posterior
Iongiudinalligamet,

“The thind procedure began with opaning_the
dorsal wound. Tho doformity couldbo coreeced t the
lordosiswhich was planned o create by lghening the
raction muts 1 the Ushaped scrow heads of the
angled pedicle screws whick had beon imlanted
postriory at the hoginaing of tho operation. Hone
grafs takon from the laft tiac crest were cut into
messured peces and inserted into the dise space afer
cormsction. The eised i and iia bon rafs were
used for postrolteral fusion of the instrumented
Segments. Addiional transpedicular compression was
applied through RF to allow compresive spondylode
s of all columns and fnally the R system wors
otally locked in place by breaking the hoad of ths st
serews. The wounds were closed over suction drains
(Fig.2.8,0),

Results

The clinicaldata and surgial ysuls of thase 17
patints wore listod in Tabla | There were §
monosegmental snd 12 bisegmental corrction fxa
ion procedures. The average ttal aperaive tims was
45 Bours with a range from 35 (o 65 hours. The
average blod los was 51 c witha range from 50 to
1970 co. The average duration of stay in hospital
postopertively was 19 daye. All patents_with
noglecod fractures ware found to have disrupton of
postrior Tigamentous complex and alrady healod
wedgod vesabeal bodis. The histologica studies of
the exised dise spocimens showed dogenerative
changes

‘The averago kyphsis before cormaction was 39°
with a range from 25 0 5" Following corecton the
Kyphosis measured on average 12" with o ange from
167t 14, This represcnted change of 975" with
range from 22" to 5 (Tabl 1 ). Bona urion of the
osteotomy or discectomy was obiained at one vear
Tollowup i al cases. Afer s Fsion, the Kyphoois
wich  mean valuo was 23, P reliof s obtained
il cases,

There was no deteriortion of neural function
(Tuble T ). A pationts wih intact neurological
function befor aparation remsined so afer opratio.
Two of the patients with neural deficit improved on
s, No lthal complications, o implant alure, and
0 wound infecion.oseuréed, Ona patient had
sgnificant postoporative flous requiring. polonged
D aube druinage, Two patients doveloped urinary tract
infoctons in the immediate postoperative period bt
these wre resolvd prompely with anibiotice

Discussion



[image: image5.jpg]Fig. 2. Procedures of bissgmental corretion of rigid thoracolumbar angular kyphosis. A ) The rigid
thoracolumbar angular kyphosis. B) The first procedure includes V-shape osteotomy of the lamina of
the wedged vertebra and implantation of appropriate angled pedicle screws 1o the vertebras above and
below the wedged vertebra. The rods are locked i the U-shaped serew heads of the angled cretus but the
traction nute are not iightoned.  C) The second procedure is anterior bissgmental discectomy
including the contracted_anterior longitudinal ligament. D) The third procedure begins with
tightening the traction nats o correct the kyphosis o the preset angulation. Anterior and posterior ilac
bone grafts, compressise spondslodesis and locking the R sstem e performed sequenially
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Fig. 8. A 35 years old male had incurred the twelfth veisbrol fracture four years before he presented to
our clinic with o rigid thoracolumbar engalar kyphosis case 7). A and B) Preoperative

anteropasterior and lsteral radiographs shouwed the already healed wedged vertbra] body and anglar
huphosis of 52"

-4

Fal

Cand D) One month postoperative anteropasterior and lateral films showed bisegi y
bone grafts, and Hevel RF instrumentation. The kyphosis was corrected 0 a near sraisht thoracolumbar
junction (7). Tn this case, ° angled pedicle screws were chvsen t 5 o create o sraigh tharacalumbar




[image: image7.jpg]) One yeur postoperative flms demonstrated safid fusion. The thoracolumbar junction ramained
straight (8 with litle oss of correcton,

Fii. 4. A rigid tumbar angular hophosis coused by naglected LLL2 dislocation. (case 10) A and B)
‘Preoperative anteropostrior and laeral radiographa shouwed an angular kyphosts o 53"




[image: image8.jpg]€ and D) Postoperatioe anteroposterior and lateral radiographs showed morossgmental discectoms,
compressive spondylodesis with ilac bone grafts and Zievel RF insirmantation. The kyphosis t0as
corrected 1o 7 lordosis. In this case, 5 angled pedicl screws 1ere chosen 10 ry ta crate a regional
lordosisof 10

Table 1. Resuls of Surgical Correction in Seventeen Patients
Kyphosis dogren )

levelof Soomatter _Final
Ome M yposis ™ comection  Followun
1 19 12 w o
2 1 ™2 2 1 7
a 5 L n 0 s
‘ @ 12 2 a 2
5 0 n w0 -5 -3
6 0 n 5 2 s
1 % 2 1 5
s n = 1 9
9 5 " 6 N
1 = 5 -1 -
u 5t w s 10
12 5 w2 s '
1 0 5 s 2
1 0 " s 3
I r = 7 0
1 4 w0 1 10
n E = -2 -2

Mean a1 w 12 )



[image: image9.jpg]Table IL. Preoperative and. Postoperative
Functional Neurologic Levels
‘ismont et ol Functional Neurologic Level

Preoporacive

A
A s s
B o2 0
c 1 0
D om0
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Stability ofthespino isdependent on two distinct
bone columns. The conseruction crae is an ideal
model for this two-column concept. The vertebral
bodies and diss carreapand to the hoom of the erane
nd o dosgred 1o withetand compression forces. The
cables, o guy wires, represent the potorir alomenss
and are subjetod o tonsilo forces n th erct posture.
Weakening or dostescrion of sither component results
i collaps into kyphose. The thoracolumbar spine is
ot fruly sxisly loaded, since the cener of gravity
lies antarior to'the antrior aspect of fhe thorscic
Spine. In most thorscolumbar frachres,  both bone
Columns [l at. tho same Jevel, sa snpulsted or
shortcurved kyphosis rathor than o longsurved
kyphosie will develope. The short-curved. kyphosic
moves the center of gravity arther snteriory, thus
increasing deforming forees. The discs(mainly the
upper one ) mmedintely adjicent to the mjured
Virteben dogenerato uadr such doforming foros, The
ractured vertsbral body can heal and consolidate
with sullient strength to withstand the deforming
forc, bt the posterior ligamentous injury which is
ot lways apparent carly after the accident is
Aifeul o heal stzomgly enovgh £ stop progresion of
the kyphosis. On- scoount of lack of preoparative
s, the author can not document abjectively the
progeession of the kyphosis, but all pationss Gt
progression of the kyphotic_deformity. after_ the
Aceident. During operation al patients wers found to
have a healed wedged vertgbral body and disrupiod
posterior spinal struceuees, The histological stdiesof
tho oxsed dise specimens confirmed the dgenerative
chango. Tn cases with thoracolumbar dislocations of
he spine,  the poterior lgnments and inervertebral
dises are s loast pardly destroyod. Theso injurios
usually result i chroni insiabilty, and progrssion
of the kyphoc deformitis, Spantancous Tusions are
extramly rare.

Rocorsteuction of normal geemetri rlationshipe
has to bo schioved when trenting the angulax
Kyghosis. Potorio spnal fusion alone s i most casea
ot sulficiont for the anguler kyphosis* Posterior
Husion in the presenco of oxisting kyphoss a1d bony
dofornity places bone. grafts under tenion in the

Postoperative.

B

Toul
)

0 0 s
10 2
01 1
0 ou 1
1 1

presence of a large bonding moment. The insvitable
result ispreudoarthrosis. Postrior corraction is
@ffcult . tho presence of contracted and healed
nterior soft isue. Firally, the spinal cord canot be
adeguately decompressed vin the posteror approsch
s the offending comprossion is ocaced aniarirl. 11
aurgery i rostrctad S0 s anterior appronch, correc
tion of & deformity is often hindered by pasterior
struccuro. Afer Fracture and dilocations,thers may
o ankylosis o bony obstacleswith the danger of cord
impingemenc, Tn additon, the bending moment dhat
remaing afer anterior correetion may be ane of the
major causes n 505 of the failure that oceur when
ventral surgery I performed exclusivol.” Dorl ot sl
roportad cight of 18 cases toated botweon, 198D and
1984 by ventral surgory alone, sufforod loss of
corsseion o oer 104,

Since anterior and poserior spinal seructires e
imvolved, tho stratagy fo the carrection of che rigid
angular kyphosis s 8 dorso ventro-dorsalproseducs i
onder to achieve lating corrction and secure fusion
After thoroughly circunforential roloase, the angular
kyphosis and alvays bo easly comected o the
curvature planned preoperatively and permanently
fixed by the RF instrumentation. Tho discrspancy.
between the planned and postoperative curvature wac
dus to the inaccurate placement of angled pedicle
screws which should be parall Lo the endpltes of the
instrumontad varisbra. Since operatve inervantion
and spinal instrumentation were limited to the | vls
mmedistely sbove and below the wedged vertehia or
the disrupive discs, reconstruction of normal geo
mecic reationships could be accomplished without
demaging or sacrificing healching nelghboring sof
mants. Thus ltl acrogeniclos of umbar mabily s
ensured, This is important. especialy for the 1o
habiliation_of paraplegie_patients whoseinde.
pendance. depends an the mobilty of the hunbar
epine”

Tho neurologi recovery after correcion is ot
‘within the scope of this report. I tis serio 2of tho
patients with parial neurologc dofic (class B and
C) improved one clase of neurclogic function. The
author must emphasian tha thoro was no doteriora
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[image: image10.jpg]ton of neuroloic funcion dus o eamrecion. ot
o nural damag might happen by comen Wit
he posterior long nseumeniation such w5 Hucrng:
100, Tugue) bacase the dislacement betweds s
insirumooted veciebral sgments and the neural
rscures within he ot o anular
Kyphoss 5 appost 0 tach iber and mighs csse
compresion of nowal spueares. This mathod can
miirie ho ecionce of irogenic eves g
ecause the displcement boweo ibe peurs ric
s a5 he nstrumentad verisbm sgmencs
symeronous by only sormcion nsirumentation of
e involvad sgmant of e sngulas kypho,

Wit the i of colams lrdoic comprossion b
RE sysem, thi mothod sl llows 5 able, 1o
bearing compresion sponylodess 0 promote rapid
Fsion AT pacients i s sy had sl o ot
aneyeselow .

Conclusion

T i i f 17 cass it postsrumacie rigid
horacolumbar angala kyphoss, th segtal
mant and narmal geomeitic rlcionahips moro 45
prosimatly recreatod aecoding t brecperaive
sing, All econsrucive procedures wir limiod o
' nvlvad sgmants o the hortcuved kyshus
Cmorongmental o bisegmental o irimise cegs:
e et i Tumbar motion sed the ncdencs of
acrogonicroural damage: All pacents biined s
ion of s a1 yer ollow . Th complcations
e minor. This method achieved he.gonle of
furgel trosmant of figd Shorealumber sngulsr
Lyphosis

The st tcommant of angular kyghosis i it

provntion. For this esson, in winal insabilites i
Which thedoral ud vers <ol e sttt
o sl adwoctes swekal st bl
decompensationsecis.
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