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The corection of large and rigid scaliosi s a contempo-
aey and challenging subject for the spinal deformity
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physician. Currendy, scaiois is usually corrected by
rod derotarion mancuver, vertebra-o-rod method, or
theee od technique, depending on the pathology of the
parient. Corction by these methods is 3 compromise
berween the rigidiey of the deformity and corrective
forces provided by these methods. For harge and riid
scolosts,the rgidiy of the deformity canno be over-
come enaugh by the corretiv forces o achieve saisfac
tory cartection. S0, n anterior elese procedure i al
mostawaysnceded 0 make thecurves mor fexible and
thus o improve carrection.

I this study, the cantilever bending technique alone
without anterior release was trid to correct large and
rigid scolosis. The supertor biomechanical advantages
ofthe method provide the surgeon with powesful coree
tives for overcoming the riidity of the deformity and
thus avoid the use of anterior releas procedurcs.

"The ey of a methad i correctng deformity can
be assessed by radiographic parameters and absolute
correcton. The clinical value of the method is bst 2
Sessed by measurement of omplicarions and paieat s
sfacion. This sricle will reviewthe ffcacy and clinical
value o cantver bending techaique inthe teatment of
paticnts wich large and rigid scoliois.
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Forey-one consecutive patiens (29 female s 12 male)
whawere folowed up for 3 minimum o 2 years

ncluded i his sudy. Theie verage sge was 31.1 years
frange 11-61 years) Follow-up was 35.5 months cange
24-52 months). The erologic dagnosis ws idiopathic
scoliossin 26, congenits kyphoscoliais in 7, and neu-
romuscula scolioi n § parents, The mean Cobl angle
of the major curve was 98° {range 75-133°). Preopera-
tiv fexibily of the major curve sveraged 15% (ranse
2-27%). Correcton of major curve averaged 67.1%
{range $1-747%) and was definiely mach more than the
lesibily. The ratio (correctioniexibilty) of major
curve averaged 3.7 (sange 21-28). In 12 patients with
preoperstive thorscc hypokyphoss (zross kyphosi less
than 15°), there were sigaificant improvements, The
mean preaperative hypokyphosis of " was corected to
a mean of 297, showing almost normal thoracic kypho
s Thire parents had. thoracolumbar kyphosis. All
were efccively correced by sagital lordoic lverage at
the kyphos, and thee was an average improvement of
24" from a preoperative mean of 34° 0.2 posoperative
mean of 10°.In 11 parents with preoperatie humbar
Kyphosis, there were signiicant improvemears. The
mean preoperative kyphosis of 15° (range 1-31°) was
corrected to —13* (range —33-7). Preoperstivecoronal
imbalance was obscrved n 23 ofthe 41 patients, Average
coronal offse in these parents was 2.5 o hefore sur
Bery, 0.7 cm aftr surgery,and 0.8 m a the st recenc
follow-up (Table 1)

linical utcome was asessd usin the modified So.
fiosis Research Socicry nstrument, OF 41 patienc, 35
were extremely satsed wich heie mansgennent, 3 were
Somewhat saised, and no patent was dissaisfed. Fur-
thermore, 39 patients would definitly repat thie sur-
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Table 1. Detormity Corscion in 41 Patonts
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ey and 2 would prabably repeat surgery. Posopestise
Satsaction scors aeraged 95% (Table 2.

There were no neurologic compliations. There was 1
hemorhorax inone patentwithdhopathicscolisis. Tis
complicaron was due 1o segmental vesel injury during
preparation of  screw hole. She was treated by insertion
of  chesttube, which wasremoned 2 weeks lter. n e
parent with 2 King Il curve,che lubar curvacure in-
Ceeased afte thorsci curvature correction and was e
ised by dival exension of the corection and fuson.
There was e superfiial infection, which wastreseed by
incison and drainage, Theinfection heled unesentfuly.

There wasone paiene whose scoloss was oo rigid 1o
obtin saisactory correction by this mechod and also
nceded anterior rleas. All other patients achieed st
isactory correction froms the cantlever bending o
e slone. In this paien, the deformity was to0 rigid
1o be corrscted by cantilvcr bending technique ven af-
ter exteniv posterio reease and parial aceectomy.
“The wound was emporarlyclosed, nd the pient was
reposioned inteal decabita poiton to perform
teror release. When that was completel,the patent was
then terum o prone posiion, and che deformiry was
correctd by cantlever bending tchaigue

Case Example
A case example isshown in Figure 2, This 24-vear-od
female, who presented with idopahic scofoi, had 3
very L right thoraci curve of 110°. The pacent was
wel alanced. Her 7 vcas centered on the sacrum. The
major curve was very i with  fleibilny of 4.5%.
Postoperatie standing adiographs ofhe patien show
coreection of $9% and good balance. The ratio of cor
crionfexiiy was 13 (Figure 241 The parient i x-
tremely sarihed with the ultimate cinical appearance
She gained 10 cm i trunk height (Fire 261

A second case exampl is shown in Figure 3. This
19-year-old male, who presented with congeniclscolio
s had 117 ight thorscolumbar urve. The paients
ke was significantly decompensated o the right. Hix

Table 2. Modiied SRS Outcomes Insrument Score
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€7 fell well o the righ of the midline of the sacrum.
Side bending radiograph revealed the curve was very
i, The flxibly was 9%, Posoperati stnding ra
diographs shans 3 correction of 61° and good balance
(Figare 3. The 45° thoracolumbar kyphosis was cor
cted 100" Figre 381 The patient s extremaly satisied
with the resuls, He has gained 10 cm i trunk heght
(Fgure 3C).

A third e cxampl i shown in Figore 4. This 36
year-old woman presented with poli-reated euromus.
cula scaloss of 95 Thorscolumbar kyphoris of 42
was noted. Severe trunk imbalance was noced, The spi
nal pelve obliquiy (SPO) was 257, Side-bending s
showed the curve was very rigid wih a flexibily of
14%, Postoperative seanding radiogaphs showed s cor
ection of 52% and 4 balance that s very much i
proved. The pelis it was much corrected ad the SPO
was corrected 0 10°(Figure 4A). The 42 thoracolumbar
Kyphosis was orrected to 5 (Figure 4B

= Discussion

Currently, scoliosis correction was wslly carid out by
o deroracion mancuver, vertebeazo-rod meshod, or
thre-rod techmique, The limre resultof correction 3
compromise bewecn the rigidity ofthe solisis and the
cornectiv orcesprovided by these methodh. The coreec
tive forees gencrated by hese methods e imited by o
factors, One s the relsblity of bone-mplant nerfaces
andthe other i he sifines of the meral o, For cxam.
ple with the ro derotation mancuser for treament of
large and rigd scoliosis using 4 rod contoured o the
ormal st profle o th nstrumented e, the
contoured metalrod migh be fatcened and deformed or
the boc-implant nterface g be broken durin the
derotation of the rod. Thas, th anteior release proce
dure s ofen indicaed in aege and rigid scolioss 0
lessn the rigity of the deformity and to improve the
cortectabily ofthe spine.

“The corrective forees generated by the cantilever
endin technique are onl imied by the rlsbilty of
Bone-implant inerface. The screws are immediarely
stable in sl ditccians afer insetion, and the superior
biomechanical advantages of pedice screws over orher
forms of spnal bonc-implant erface allow canelre:
bendin tchnique togenerace powertulcorrectve fores
in all planes. The surgeon can decide how much correc
tive foce o provide by observing how much correction
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isachicved and estimating the eliablt ofbonc-implant
{averace a bosh ends of nscrumented segmens during
the operston. The corrctive forces should ot be i
crensed if saifacary correction has been obtained or
e . ik of damage to hone.implant nterfaces. The
superior biomechanicalcharaceeistcsof the cantlever

bending technique apply & powerful lever correcive
force o thespin to overcome th rgidity of the deor
ity and therchy avcidthe need for nteror reeace pro-
cedues with i swsocated sk of complictions,

“The potential piclls and perioperstve complicatons
associated with anterior releas procedures are numee




[image: image5.jpg]Spine  Vohume 28+ Number 21 2003

ous. Theseincude bt ae not lmited o pulmonary dys
funcrion sccondary to peumothorax, arclectasis, i
sion prcumonia, damage o great vesels,brachia plexon
europrasi, postsympathectomy neuralgia, postthors
cotomy syndrome, and visceral injory. Ao, the ap-
proach to the spine tia anterior thoracotomy directly
involes dissection through the acissimus dors, serratus
anterior, and inercostals muscularare that may compl
Gate posvoperative rehabiltation and ipsiltersl upper
xaremiy funcrion.” I al except one patien of this s
e, anteror el was not required, Without snteror
release,thecantlever bending technie s les invasive
and safer procedure

Figute 3 3 19yerold mole
s 17 congene s
Rasiographic v shaw (A
praoporaive AP side bncing
ind pasiopurative AP, Pracp
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& proaparaie and uhimste
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Surgeons began using pedicescres for thoracc sco
Hiosis i 1985, The vertcal dameters of the pedicle in
crease seadily from T1 (7 mm) to L5 (15 mm. The
orizontal diameters decrease from the 7 mm of T1 0
the S mm of TS and then gradualy inceeas 10 the 16
of LS. Distance between the medial wall of the pedicle
and the cord is 2-3 mm. 111 Pedicle screws are nor
widely used inthe thoracic region because of the nrrovw
width of the thorscc pedices and the potential for o
rologic complicatons. Afe treatment o 1 ot o 462
patients with sinal deforevity nd 4604 horacic pedicle
screw insetions, Suk et al” concluded that thoraci
pedicle sceew fxacon is o rliable method of trearing
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spinal deformity and has 3 high margin o ssfcy. The
Suthor ed § mimserews in the upper and e thoracic
esion with no problem. Although technically demand
ing,the authar had no grest difialy in sccursily post
tioning the screws i the pedice, andso far, has e n0
nearologie compliations.

Cantileve techniques have been widly used by sur-
teons 10 reat patients with scoliosis and kyphosis,
theough the use of i situ benders 10 lock the implant
deformit structure o the deired shape and expec the
Sructure tosay in the shape e he st benersace
removed. Howeser, in mose cases the srucsure would
recurn ot originl shape rther quicky aferth release

Canlver Bendin Tochigue o Sclosis  Chang._2457

of st benders this s due o th easicty of the sruc
e as el asth spin el and this pheromenon has
hecome more noticeabl asche iy of the curvatutc
increases. The disectoutcome of thisstuation i that the
coreecion s ks succesulthan one would hope for, In
other words, the efcrivenss of this teatment has be-
comelss desirable due o the way we e i benders
today.

T his report, the uthor sed i i bendees o hend
the convex rod o cortct igid soliois and used the
concave tod 10 support and mantain the achieved cor-
rection. The i st henders were not removed untilthe
concave rod was als scured t0 he pedice srews and
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thetransvere ks were esablished, and the corrected
curvature wasrgidly ied,sotheachiesed correction by
the canilever techaique could be preserved. T additon,
theauthor used pedicescrws nsead of hooks 3 sron.
anchorsges o maximize the cfect of the cantlever
Techniqe.

The author docs not intend o ftroduce 3 e tech
nigue, but eather 3 new method o implement he same
technique through the e f i i benders alone o reat
the rigid and large scoliosis in 4 single postrior proce.
dare and obcin the optimal real,

Nost surgeons would recommend tesction s 10
assess the rue flexibile. A limitation of this study was
the use of side-bending radiographs (made with volun-
tary cfort while ying supine) o record the sibiliy of
the curves. However,this i the method used at the -
thor's inscitution to ases flxibility of the thoracic and
Tumbat spine bfore surgery. Before 1998, fexibilny was
one of the major ndictors fo antrioreleas. Afe the
useofthe cantlever ending cechnique was nsiated or
the management of scalonc pines with large and rigid
deformit, flexibily was o longe a critrion. After
1995, the uthor used a postrior approsch and red he
cantilever bending technique st corect al lrge and
rigidscoloss withour any reease procedure, I satisfac-
ory corection could not be abrsined, excensive poste-
ot releaseand partial acetectomy weeethen prformed
o gaining more exibily. The cantlever bending was
followed co see whether or not satisactory correction
could be achiesed. I o, anteror releae procedures i1
one sage were performed. I this sudy, oy | of the 41
patients needed subsequeat posterior and anterior fe-
lease procedures. On sveral oceasions, side. bending ra-
diographs revesled o sgnifiant change in the curve
{fleibily 0°). S, sacfactory correetion could be b
ined by this method alne.

T conclusion,the canilever bending tchique s an
efecive procedure for the mansgement of scolioic
spines ith e and rigid deformite. The superior bio
mechanical advancages of pedicle screws over other
forms o spinal bonc-implant nrefaces used as st
anchorages allow enough correctiv forc to be applied
o overcome the igidic of the deformity by cantlever
ending techaique alone, thercby avoiding the need or
anterior releaseas wel ¢ s complcasons and pifll

“The clinical vl ofthe cancilever bending technique is:
demonsteated i this sy by th reduced necd for ane.
or releas, fewer complications, and the high rates of
parient saifaction.

= Koy Poins

» A combined anteror and postrior apprasch is
curcently used for treaing the large and rigid
scolioss.

 Canclever bending echnigue slone (withou the
se of anterio releasel i n efctivetechnique for
correction ofthe large and rgid deformiies of co-
Tt spines of any ciology.

= The meshod resls n gond deformity correcrion
and has  high margin of saery.

o Paientsatisfacion s high.
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