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EVER MANEUVER FOR TREATMENT OF LARGE AND RIGID
SCOLIOSIS

Kao-Whs Chang

Current methods used to correct scol

sis must balance the rigidity of the
deformity and the forces created by corrective measures. For large and rigid sco-
liosis, the rigidity of the deformity is difficult to overcome ai
i elusive. Anterior release pracedures are us
curves more fexible. The lever maneuver provides powerful corrective forces to
overcome the rigidity of the deformity and obviates the need for anterior release
Procedures. The purpose of this study s to assess the efficacy and cli
of the lever maneuver as a technique for correcting large (> 70°) and rigid (flex
bty < 30%) scol

‘The study populatio
maneuver for the management of large and

satisfactory cor-

Iy necessary to make the

consisted of 41 consecutive patients undergoing lever
scoliosis (congenita,
fc, or neuromuscular). Outcomes were evaluated using radiographic studies,
ring of compl . and patient satisfaction as measured by the mo
fied Seoliosis Research Society Instrument.

The mean Cobb angle of the major curve was 98" (range, 75°-133'), The
deformity correction was 67.1% (range, 51% - T45%).
em before

Coronal imbalance was 2.5

d 0.8 cm after surgery. No major complications occurred.
Satisfactory correction was achi

without anterior release in all but one
patient. All patients were very satisfied with their outcome regardiess of the et
ology of their deformity.

The lever mancuver is an effective procedure for the management of large
and rigid scoliosis and offers the advantages of reduced
release, fewer complications, and high patient satisfaction.
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INTRODUCTION

The corrction of large andrgidscaiois s 3 tme-
Iy and challengin subject for the spinal deformity
Physican.Scolosis i typically coreeid by rod dero-
faton maneuser’, vertebr-o-rod method, o three-rod
technique, depending on the specific pathologs.
Comection using these techniqus i & balance between
he igiity of th deformity and forces provided by the
corective methods. For large and rgid scoioss, the
gty of the deformity cannot be sasfactorly over.
come by these tehaiqus, and an ncrio elase proce-
dure is atmost ahways necded o make the curves more
Rexible,

I this study.the lever manewver withont aerior
elease was prformed to corretlrge and rigid ol
sis. The superior biomechanicsl advantages of this
method provide the surgeon with powerful orrecive
forces. Efficacy in the cument study was assessed by
radiographic parsmeters and absolute correction
Clinical value was asessed by monioring complica-
ions and paien saistacion

MATERIALS AND METHODS

Study Design
Since 1098, he present auhor has been performing.
the lever maneuver withoot anterio elase for manage-
s and rgid scalicsi. The procedure has
een usd in 73 pasens. Forty-one consecuive ptints
29 female 4nd 12 male) wha were followed for  mini
mum of 2 years e ncluded in tisstudy. The average
age was 3.1 years (range, 11:61 yars). Mean engih of
follow-up was 3.5 monihs range, 24-52 monibs).
Preoperaive sad postoperaiive imaging studies
included stnding postrior-amerior (PA) and laerl x.
aya, and bt effort spine sice-bending -ray. The PA
ey and side-bending flms were examined nd a
ber of parametees were ecorded. Cobb angles for the
major curve and compensatory curve were recorded to
determin flexivily and comestion, Correctionlexbil-
ity (CIF) was calelated to deermine corection n cases
of excess side-bending fexitlty. From the I

meat of

al -

rays Cals angles from T4 10 T12 were obuined a5 a
measure of gross thoracic kyphosis and from L1 10 15
a5 2 messure of gross ambar lordosis. The juncional
Kyphosis berween curves was ot

Coronal balan was asessed on the PA x-rays by
messuring the devision o the C7 plumb in from the
median sacallne. Comparsons between pre- nd post
operaive measures of balance were made

Clincal outcomes were asessed wing | 3 dtaled
retrospecine review of ecords icloding inpatient and
oupatent chars) 10 deermine perioperative and long-
feom complicarions, and 2 3 diseas-specfic outcomes.
questommair!. A paten-based ealusion o outcome
was collected using the mifed Scolioss Researsh
Sociey patientsasfction domain measurement (ol

Surgical Techniques

During the surger six groups of pedile serews
e inserted on the upper, apicl, and Jover segments
on both sides of the curve (Fi. 1A). Aferthe pedicle
serews were positioned, pre-bent rod was locked 10 the
pedicle screws on the cones sid (Fi. 1B).Serving 15
Tever arms inthe coronal plane, 1o long in s benders
were secured 0 th comvex side of the o (above and
el the attachment of the apiea pedicle scews) in the
coronal plane (Fg. 1C). Brnging the free nds of the
lever ams close t each oler can generse & powerful

comective fore 1 coret the carveinthe coronal ple.
(Fi. ID). When necessary, anther o long in it b
ders were sceured 1o the o ahove and below the st
ment of the apicalpedile screws, o act 3 lever rms in
the sagital plane. An addiionl o pre-bent to con-
form 10 the coreeted curve, was secured o srews o
the concave side o support and maiatain the comeeted
curvature (Fi. 1E). Afeecomnecting b ods by trans-
vers Tinks, and finely adjusing the end vercbrac (o
balance the body, the lever arms wee reeased (Fg. |
.

RESULTS

OFthe 41 ptints i this study, diagnosis was ido-
pathic scoliosis in 26, congenital kyphoscoloss i 7
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Fi ¢ A Lo maneer
snd nesromuscular scoliosis in § putints. The mean  major curve sveraged 67,15 (range, S1%-7%). The
Cobh angle of the major curve was 98" (range,  rtio CIF (comection/lexibiiy)ofthe major curve aver-

75°-133). Preoperadve flexibilty of the major curve  aged 37 (range, 2.1-28).In 12 patents with preopera-
aversged 185% (range, 25-27%). Correction of the  tive horacic hypokyphosis (gross kyphosis less than
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157, there were sigificant improvements. The mean
preoperative hypokyphosis of 7" was corrected o0 3
mean of 29, showing almost norma thoraic kyphoss
“Thiny pacents had thoracolumbar Kyphosis. All vere
effcively corected by sugital lordoic leveruge t the
Kyphos and there was an wxersge improvement over
fom a preaperative mean of 34 0 4 post-
opersive mean of 10" In 11 patents with preoperative
Tumbar kyphosi, there were significant mprovements
“The mean preoperative kyphosis of 18" (rnge, 131
was comected o & mean value of -13° (rnge, 337"

time or 2

Breoperative coronal mbalance was abserved in 23 of
the 41 patints. Average coronal offset in these patients
was 2.5 em before surgery, 0.7 em afer surgery. and 0.8
m at the most recent ollow-up examination.

Clinical outcome was asessed using the modified
Sealiosis Researeh Socity insrumen. OF 41 patents,
38 were extremely satisfied with their management,
hree were somewhat satsfed, and 50 patient was dis-
satisied, Further, 39 patients would definitely repeat
hir surgery and o would probably repeat surgry.
Postoperative suisfacion scares veraged 955

There were o neurological complications. A
emothoras. occurred in ne patient with idiopatic scol
iosis. She was reaed by insertion of & chest ahe, which
was removed 2 weeks atr. In one patien with King 1
curve, e Tumbar cursaure ncreased after thoracic cur-
vature cortection and was revised by distal extension of
e correction and fusion. There was one superficial
infection, which was treated by incision and drsinage.
“The infection hesled wneventflly.

One patent whose scoliosis was 00 igd t abiain
atisfactory comeeton by the lever method, nesded ite
rior release. Al othr patents achieved suisfacory cor
rection from the lever mancuver alone. Tn thi patint,
the deformity was 100 1igd to e corrected by the lever
mancuver even ate extensive poserior elase and par-
il faceectomy. The wound ws temporarily closed and
the pasient was repositoned in ltera decubitas position.
o perform ateror rlease, When that was complted,
he pacent was then retun to prone position, and the
deformity was cortected by lever mancuer:

Case Study

A case study is shown in Figure 2. This 24-year ol
female, who presented with idiopathic scoliosi, had
gt thoracie curve of 110", The parent was well bal
anced. Her €7 was centered on the sucrum
Hypokyphosis ofthe thorcic spine was noted (Fig. 24).
Side-bending radiographs show a King V curve with
incomplet cortection of the upper thoracic cur. The
major curve was very igid with a flexiblity of 4.5%
(Fig. 2B). Postoperative standing radiographs of the
parent show a comeeton of 59% and good blsnee, The
atio of comectonflexibilty was 13, The hypokyphosis
of the thorscic spne was also conected (Fig. 20). The
putent. who gained 10 cm in trunk height (Fig. 2D), is
extremely satsfid with the ulimte clincal appear-

A second example is shown in Figure 3. This 19-
sear-old male, who presnted with congenital scoloss.
Had & 117" ight thorscolumbar curve. The patient’s
runk was significanly decompensated 0 the right, His
7 ell well 0 the ight of the midline of the sacrum. In
he sagittal plane, thoracolumber kyphosis was quite
pronounced (Fig. 3A). Side-bending radiageaphs
revealed the curve was very igid and flexibiliy s 9%
(Fig. 38). Postoperaiive sanding radiographs show &
cormection of 61% and good balance, The 45" thora-
columbar kyphosis was corrected to 0 (Fig. 30). The
parent is extremely sified with the resuls and hss
sained 10.cm i trunk height (P, 3D,

A third example s shown in Figare 4. This 36-
year-ald woman presented with oli-tested euromus.
culac scoliois of 95", Thoracolumbar kyphosis of 42"
Was noted. Severe trunk imbalance was noted. The
spinal-pelve obiquity (SPO) was 28" (Fig. 4A). Side.
bending films showed & cigid curve wih  flexibility of
146% (Fig. 4B). Postoperarive standing radiographs
Shovied acormection o 5246 and a balnce tht was very
much improved. The pelvi tlt was lrgely correeted
and the SPO was cormeced to 10, The 42" horacolurs
bar kyphosis was comectd 1o ' (Fi. 40,
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DISCUSSION

Scaliosis correcton is currntly trated wing the
fad derotarion maneuer, verebra-to-rod method, oF
hree-rod technique. The comective forees generted by
hese methods e Timited by two acors, One i the el
ability of the bone-implant inerfico and the other i the

Siness of the metal rod. For example, with the rad
derotation maneuver using 3 rod contoured 10 the nor
mal sagitl profle of the insrumented sczmens, the
cotoured metal rod migh be lattened and deformed or
e bone-implant intrface might be broken durin the
derotation of the rod, Thus, the steror relcase proce-
dure is ofen indicated in large and rigid scoliois to

Fig, 25 A Dyesra fomsl with s 110
King ¥ idiopatnic seofionis
Rudogrptic vews how (1) recp.
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Pl 3 1-yearokd mal i 17" congeil s, Rdhgrphi s sho () prspestive AP s el 1 s b e

Tessen the igidiy of he deformity and o improve the
corrctbily of the spine

The correetive forces generated by the lever
maneuver ar only it by the rlabilty o the bone
implant inteface. Th screws sre immedistely bl i
ll disctions e inseton. and the supeior biomc-
chanical advantaes of pedicle serews over ohse foxns

of spinal bone-implant connections allow the lever
mancuver o generae powerful orective fores i all
planes The surgcon can decide how much corrctive
force to create by observing how much corrserion is|
scieved and by estimating the rlshil of the bonc-
mplant incrfice at botheads o the st s

ments during the operaton, The corrctive forcs should
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ot be increased if satisfactory correction hus heen

abtained or there i 4 ik of damage t the bone-implant
interfaces

The potenial periopertive complications associa
e with amerior elease procedares are numerous. These
include. but are not limited (o, puimonary dysfuncton
secondary to preumahoras, atlectais, ffusion preu-
monia, damage 10 great vessel, brachial plexus neuro-
pravia, possympathectoms neurslgis, postharscatomy.
syndrome,and viscral injury 741 The approsch 1o the
Spine via anterior thoracotomy involves dissection
hrough the laissamus dorsi, serrtus anterior, and intr-
costal musculature and these may complicate potopers.

i 4 A 36 yesrold womsn with 93 nssomscar scliois
Radiograpic views sho (4 propessive AP e
{51 e hening and () posopersive AP s

five rebabiliation and ipslaeral upper extrenity foc
tion Inal but one patient o his srie,anterior elease
was ot required. Without snterior release. scolosis
surgery i  ess invasive and suer procedure

Surscons hegan using pedicl screws for thoracic
scolioss in 1985 Th verical diametes ofth pedicles
increase sesdily from T1 (7 mom) 10 15 (15 mm). The
Horizontal diameters decrease from 7 mn T 1o 5
TS, and then gradually incresse 10 16 mm LS, The dis-
tance heowesn the medial wall o the pedicle and the

ond is 23 mm 2 Pedile serewsare ot widely usd in
the thorace region because of the mrmowing ofth tho-

racic pediles and the potential for neurologic complica-
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tions. Afer reating 462 patiens with spinl deformity
4604 thoracic pedicle screw insertions, Suk el con-
cluded that thoracic pedice screw ixtion s 4 eliable
method of tratin spina deformity and has  high mar-
ein of safety. The present author successfully used 5+
mim Serews in the upper and lower thorscic region,
Although technicaly demanding, the serews can be
accuraely positoned in the pedices, d neurological
complicatons have notoccurred.

A imiation f this sudy was he useof side-bend-
ing radiographs (made wih voluntry effort while lying
Supine)to recond the fexibilt of the curves, Howerver,
s i the method used at the author's nsttuton ta
asses flebiliy of the thoracic nd lumbar spine bfore
suegery:. Before 1995, flexibilty was one of the major
indiators for sntriorrlesse. Afer th lever mancuver
was introduced for the management of sclitic spinss
with asge and righd deformity, flexibiliy was no longer
a critrion. I thi study. only ane of the 41 paticnts
nceded snteriorrelease, For several ptints side-ben:
g radiographs revealed no significant chang in the
curve (Nexibility 0°). Sill,sasfacory comeetion was
obisined

I conclusion, the lever mancuver s an effetive
procedue for the management of scalaic sines with
arge and sigid deformids. The superior bomechanical
advantages of pedicl screws allow enough corrective
force o be applied 10 sercome the igdiy ofthe defor-
imity by lever maneuver slone, therehy avoiding the
need for aterior elease and it concomitant complica-
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