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13 Pitfalls and Difficulties in the S.urg:]ical Management of
Severe Adolescent Idiopathic Scoliosis

Mario Di Silvestre

Abstract .
Different strategies have been used for surgical trgatment of se-
vere adolescent idiopathic scoliosis (AIS). It is risky for these
patients to undergo aggressive operations, such as combined
anterior-posterior surgery or posterior vertebral co]l{mn resec-
tion. A posterior-only approach with less dggressive _°5te°‘
tomies is preferable, but a gradual preoperative period of
traction is necessary. Preoperative halo traction is one method
available, but there are controversies over its efficacy.

A two-staged posterior surgery using a magnetically con-
trolled growing rod (MAGEC; Ellipse Technologies, Inc.) (MCGR)
has been adopted in the last few years by the author. Its use has
been preferred for gradual and safe correction of deformity. The
MCGR is an internal distraction device, and hence a major
advantage over halo traction.

The first surgery consists of a posterior aggressive release
with Ponte osteotomies at many levels with high density pedi-
cle screw instrumentation; an MCGR is implanted on the

concavity of the scoliotic curve. A distraction is applied postop-
eratively to obtain gradual correction of the curve. The correc-
tion is performed over a series of distractions of the implanted
device using an external magnet. In the second posterior sur-
gery, the magnetic rod is removed and the definitive rods (gen-

erally three or four) are applied for definitive correction and
fusion.

Keywords: severe adolescent idiopathic scoliosis, twi

, o-staged
posterior correction, Ponte osteotomy

13.1 Definition of Severe
Idiopathic Scoliosis

The definition of severe scoliosis is
et al' consider a curve as severe wi
degrees. Other authors? defined as s
Greiner? concluded that scoliosis is s
is >60 degrees, because significant
not present until the curve is aroy
more pragmatic definition of seyvere
Cobb angle > 80 degrees, In fact, the s
different and more demanding aspec
formity of the spine, with a low
films (about 30%),

still controversial, O'Brien
1en the Cobb angle is >70
evere a curve >80 degrees,
evere when the Cobh angle
respiratory Ssymptoms are
nd 60 degrees, It seems 3
scoliosis is a curve with a
urgical proced ure presents
ts:_ typically, it is 4 rigid de-
flexibility index on bending

13.1.1 Preoperative Study

Surgical treatment requires accurate clinical ang rad
evaluation of an adolescent with severe scoliosis,

The physical examination must be focused o excludij
idiopathic cases of scoliosis, which generally require 5 :;‘lg (<Al
surgical approach to the deformity, Young age (>10 \fferent
onset of scoliosis, rapid progression of the A an(&;ﬂgi‘zil?t

i ly

iologica|
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;

neurologic symptoms are important criteria used to differentj.
ate the scoliosis from idiopathic cases. Neurologic deficits are
not commonly found in the physical examination of severe 3,
lescent idiopathic scoliosis; however, they should be testeq and
may be indicative of underlying neurologic problems, In severe
scoliosis, deformity is also seen in the chest wall, resulting jp
poor pulmonary function. This is especially the case in Curves
>100 degrees, where pulmonary function is seriously decreaseq
and presents higher risks for corrective surgery. Patients pres-
ent with a low body mass and require nutritional supplements
before surgery, as advised by a developmental pediatrician and
a dietician.® Both the surgeon and the anesthesiologist must
evaluate the cardiac system, which can be secondarily affected:

a preoperative cardiac study must include electrocardiography,
echocardiography, and stress testing,.

The radiological study with standard standing X-rays is used
to quantify the scoliosis curvature and to assess the flexibility
of the deformity using traction films (generally the flexibility
index is low, <30% in severe curves). It is also used to evaluate
the extension of the arthrodesis and identify the presence of
associated spondylolisthesis. The X-ray study must include the
entire spine, including the cervical spine, for those patients
who are going to be placed in preoperative traction. A CT scan
of the entire spine is mandatory for studying pedicle anatomy
and to assess for screw placement. Reconstruction of the axial
images clarifies the complex anatomy of the scoliotic curve and
allows the surgeon to visualize the levels of planned vertebral
osteotomies or resections.4 A CT scan can provide a three-
dimensional (3D) study of the curved spine (> Fig. 13.1) A7

Fig. 13,1 A crg
spine,

: ed
Can provides 3 three-dimensional study of the ik



mamental 10 assessing the neura]

MRI ; i
?:r hose patients who are undergoing a large o

on. It i importe!nt to exclude or to evaluate v
chiari malformations are present, as well as an
impingement secondary to severe deformity,
gideHUMEci SO eEiee CT myelography to understand
the specific levels oF COmpl’ess;on,llt is possible to have cord
compression o1 the_ concave pedicle, which may require a
resection of that pedicle with the remaining body, In cases of 3
planned aggressive osteotomy (e.g., a pedicle subtraction os.
reotomy), the blood flow to the spinal cord over the planned
level of resection must be evaluated. In the future, MRI, con-
rast-enhanced gradient echo, and 3D pulse sequence may have
arole in these patients.*

aXis, especially
Perative correc.
hether syrinx or
Y stenosis or corqg
If spinal stenosis

13.1.2 Preoperative Halo Traction

Traction can be utilized both before and immediately following
anterior release and fusion, being removed after definitive pos-
terior spinal fusion (> Fig. 13.2). It is now commonly used
before posterior spinal fusion without anterior release, Halo
traction represents the usual preoperative strategy employed to
manage severe deformities to gradually straighten the spine
before surgery. To prevent neurologic compromise after acute
corrective maneuvers, the use of halo-gravity traction is advo-
cated to allow for gradual curve correction and monitoring of
neurologic function in the awake patient, which reduces the
risk of permanent neurologic deficits.®
Preoperative traction has evolved considerably. After the
halo-plaster vest, Stagnara® popularized halo-gravity traction
utilizing a wheelchair for treatment of severe spinal deformity,
noting some limitations to its use in cervical kyphosis and sig-
nificant ligamentous laxity. Halo-gravity traction remains an
often-used method and is safer than halo-femoral and halo-pel-
vic traction, which have a higher incidence of complications,
such as hip subluxation or dislocation and sometimes femur
fractures. Halo-gravity traction has the advantage in that it is

Fig. 132

Post- :
tns'( OPerative period of halo traction. (d, &) Secon
NStucts

Wwith hooks and screws).
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13.1 Definition of Severe Idiopathic Scoliosis

tfaﬂ_Sferable between the hospital bed, wheelchair, and walker
(> Fig. 13.3),

‘ Patients underwent local anesthesia for application of the halo
INg, secured with eight pins. The initial traction force is about
2kg and increased subsequently by 1 kg every day until the goal
of 30% body weight is achieved. Daily neurologic control is per-
formed. The patient is controlled for headache and motor and
Sensory _function in all peripheral nerve distributions (including
the cranial nerves). Traction is reduced at night, with the bed
Positioned in a slight reverse Trendelenburg position. Antibiotics

are used in cases of pin-site infection. Every 5 to 6 days, X-rays

arg obtained in traction: possible overdistraction of the cervical

Spine must be avoided (> Fig. 13.3). The duration of traction is

_about 3 weeks. In the days immediately before surgery, traction

is gradually reduced, and the patient will arrive at the operating

room with a low traction of 2 kg. The halo is removed before sur-

gery after induction of general anesthesia.

There are two mechanisms at work in correction of a scoliosis
curve under traction.” The initial correction is due to the elastic
properties of tissues: the elastic deformation is followed by a
creep phase where most of the correction is achieved; this
period of primary creep lasts for about 2 to 4 hours, with
important correction. A secondary creep period allows a more
gradual reduction of the spinal deformity, such that near maxi-
mal curve correction can be obtained after about 10 to 12 days.
For this reason, the maximum scoliosis correction can be
obtained after only 2 weeks of correction.®

However, the role of halo-traction and its safety and efficacy are
actually the objects of discussion. For Koptan and ElMiligui,” trac-
tion increased curve flexibility compared to the curve seen in the
supine side-bending films performed before traction. In the study
by Sponseller et al,? there was no statistically significant difference
between traction and control groups in coronal or sagittal curve
correction, spinal length gain, blood loss, operating time, or com-
plications; however, the patients who had halo traction less fre-
quently had a vertebral body resection but achieved comparable
and less demanding deformity correction. In our experience, halo

ago with (c) an anterior release and fusion (by a thoracotomy) and a

osls treatedly:fa:; |o-traction cansisted of posterior fusion with instrumentation (hybrid
remova

109




. ment of Se
Pitfalls and Difficulties in the Surgical Managé

Fig.13.3 Halo-gravity traction.
bed and (c) in the wheelchair.

traction resulted in a safer correction of the scoliosis, increasing
the flexibility of the spine and of the chest, and improving pulmo-
nary function. However, it had numerous problems, such as diffi-
culties in daily activities, and possible complications, such as
cranial nerve injuries or temporary brachial plexus palsies.

In conclusion, halo traction has been largely used in patients
who have severe pulmonary dysfunction, severe spinal defor-
mity, especially when previous surgery has been performed,
and severe chest wall deformities and constriction. It is gener-
ally contraindicated with congenital kyphosis, with previous
spinal cord tumor resections, with residual neurologic deficits,
and when cord tethering is present. It is true, however, that
traction without spinal release presents no advantage in com-
parison with immediate spinal fusion with instrumentation,

13.2 Surgical Treatment

Different surgical strategies have been ysed for severe adojes.
cent idiopathic scoliosis (AIS).

13.2.1 Introduction

Origi.nally, ;reatment consisted of posterior spinal fusjon with
Harrington lpsrrumentation. combined with 5 prolonged period
of preoperative halo-traction ang Tespiratory rehabjj;

dn open thoracotomy,1213,14 followed

mented fusion (» Fig. 13.2), Halo-tractig
the time period between the
instrumentation (> Fig, 13.2,

instry-
-tion was often applied ip
anterior release and Posterior

: sl > Fig. 13.3)15 i :
highly rigid scoliosis, this combined PfﬂgraSn W::r:fitéemdisé I;n
y

an additional posterior release,12 1p, i

idiopathic curves with the combined irg‘ﬁzzf&rate g s
47%, using Harrington instrumentaﬁonﬂ 22 800t 45 D
construct!6; 52 using Zielke in
ton rod,'” and up to 7% using i u :
Posterior hybrid constryct.12 The combineq ante ior o8 ad 3

rior procedure was performed ip One- or tyq

Adolescent Idiopathic Scoliosis
vere

(a) X-ray of the cervical spine: possible overdistraction of the cervical spine must be avoided, (b) A girl in traction iy

according to different authors with different outcomes, Shuffle.
barger et al'® found decreased hospital stay and Operating time,
fewer complications, and better correction in the continuous
group compared to the staged group; instead Shen et a8 con-
Cluded that there was no significant difference in safety or effi.
cacy between the one- or two-stage groups. Additional anterior
Surgery requires increased time for general anesthesia and may
have a negative impact on pulmonary function. Kim et al®
reported that an open anterior approach may have a deleterious
effect on Pulmonary function for as long as 5 years postopera-
tively, after surgical treatment of adolescent idiopathic scoliosis,
Video-assisted thoracoscopy, used for the anterior release, fol-
lowed by posterior instrumentation for scoliosis treatment202'22
can minimize, but not eliminate, the negative effect on pulmo-
nary function, as reported by Newton et al.22

Combined anterior and Posterior vertebral column resection
has been used more often to treat severe congenital and rigid
scoliosis, and more rarely, idiopathic curves. This demanding
Procedure was yseq by Bradford and Tribus? for seven patients
With severe idiopathie curves (mean Cobb angle 91 degrees)
and achieved ap average scoliosis correction of 59%. Suk et al*
presented the results of vertebra] column resection at the apex
f’f the defor Mity performed through a single posterior approach
IN 16 cases (six of them with idiopathic curves) in curves >80
degrees, and with 5 flexibility of less than 25%; the procedure
obtained a scoligsis curve mean correction of 59%, with compli
Cations jn 4 cases, one of the foyr patients had permanent com;
Plete paraplegis, gince these studies were published, the use
vertebral colymp, resection has increased. Recently Lenke? Pr¢-
Sented d paper on hjs large experience using this Pmcedmi'
;‘::td'-ltfli]lng that, when the deformity or imbalance is s0 se'a'b-:i
ol Other OSteotomies canpoy correct the deformity, verte

MR Tesection offers the greatest potential correction.

13.3 Posterior-Only Procedures

The ? £55
s r[;?: ;)ff th‘”al";“i pedicle screws made it possible to reass
p°5t91'101‘~0nly fusion as treatment for severe.



mdicle Screws

PreViIOUS Studlgg usEdb Qgstenopnnly instrumentation with
multiple hooks™* OF ybrid construct2728 Burgopn o 5
aried combination .of hooks, wires, and screys2s ih thel sed a
ment of patients with adolescent idiopathic scoliosis ar:dtreath
qacic curves between 70 and 90 degrees: They achj Hio%
- eved ap
qyerage curve correction of 64%, and concluded that th,
curves do not need anterior release to achieve acceptais[e
results. The hybrid construct (thoracic hooks and lower screw 3
has been used by Arlet et al*” in cases with thoracic sco[in;))
hetween 70 and 90 degrees anq has achieved 54% correction, [
However, the usff_- of thoraan pedicle screws increased the
interest for posterlor_—or!]y fusion in deformity correction of
large-magnitude scoliosis. Luhmann et a]29 compared com-
bined treatment (anterior and posterior fusion) versus poste-
rior fusion only in severe idiopathic scoliosis: they concluded
that the patients treated with pedicle-screw-only instrumen-
tation provided results similar to those obtained in patients
with combined treatment (60.7% vs. 58.5%), without the nega-
tive effects of an anterior release on pulmonary function
Chang® used only posterior pedicle screw instrumentation ir;
cases with thoracic scoliosis between 75 and 135 degrees
achieving a correction of 67%. Kuklo et al 3! used 352 thoracicl
screws fo correct idiopathic scoliosis >90 degrees, and
achieved a 68% correction. The scoliosis correction rate of
these two studies3?3! adopting pedicle screws was surpris-
ingly high, similar to that achieved by Bullmann et al,12 using a
combination of anterior instrumentation and a posterior
hybrid construct, Most of the literature on the surgical treat-
ment of severe idiopathic thoracic curves shows more con-
tained values, generally lower than 60% regardless of the
technique used.217.23.2427 | severe thoracic scoliosis the aim
should not be to maximize the curve correction but to obtain
an acceptable balance of the spine and reduce levels of fusion.
Furthermore, the risks of a too aggressive posterior-only cor-
féction not preceded by an anterior release should not be
underestimated. Overdistraction should be avoided, given the
risk of spinal cord ischemia (» Fig. 13.4).32 It has been reported
that an intraoperative correction exceeding the preoperative
bending correction was one of the factors related to an
Ncreased risk for spinal cord injury.3?
Su::;z:]lcic screw fixation can be potentially dangerous in the
o treatme_n_t of scoliosis. 343> The technical difficulties in
hacs n:c deformities _have been emphasized. In severe scoho.sls.
wa:rt Ef t]-!oraac screws may present futher diffimltlEF.
o maké the hmmez.hamcal advanta_ges associated 3\;\-’!!:]'] therr
S Stl:ews the _1dea| construct in large curves. Thoracic
Sfﬁliusist € concavity are the crucial ar_u:hor POlEfsgg"" bettir
e Df?]n'egmn and restoring thoracic Iqlrphums. [";te:r. o
1 be bogt 00K at the apex of severe scoliosis pas_ been sho g
and are ¢, unreliable and dangerous; they are inside the canra
mediapy u]s Invasive. It has been found that cana_tl intrusion o
Placed screw (with a 3-mm breach) is less invasive

5

i}
8

o : E:rfecﬂy F_‘DSitioned pediatric laminar hook.3” Therefc‘)-];eé
Of the; : Sometimes be more dangerous than screws bg;:a ;
I Position and can themselves cause complications*® Fur
ore, hooks ensure a less rigid fixation, which can lea
3tion during correction maneuvers or, subsequently, due

0
K pullout with laminar fractures.

herm
diiloc

d to

13.4 Preferred Operative Technique

Neurologic ¢ ;

. Dm {| .

N thoracj Plications are
although medially
monly reportag 41
96.3% in Severe scoline:

pedicle screws,3940

tg:l some authors,*2 medial wall
: el »and the screws ca -
E;S:;eg :fceptalfly posmclned. Other authors4! have Eyb:ocﬂ?lz-
el mm “safe zone” of medial encroachment (2mm of

ra Space and 2mm of subarachnoid space). Still others#3
hypothesize a “definite safe zone” within 2mm, a “probable
safe zone" within 2 and 4mm, and a “questionable safe zone” of
4.to 8 mm of medial encroachment. Recently, however, Liljeng-
vist et al* showed with MRI that the width of the Iepidura[
space was <1 mm at the thoracic apical level on the concave
side. This means that there is no safety zone on the concavity;
therefore, screw placement, especially at this level, should be
VEry precise.

13.3.2 Posterior Staged Technique

Hui-Min et al* used temporary internal distraction as an aid in
the correction of severe scoliosis as an alternative for situations
in which halo traction is contraindicated. In their report, a tem-
porary internal distraction procedure was performed.

The concept of using an internal distraction rod to correct the
coronal and sagittal planes before definitive posterior fusion
was suggested by Buchowski et al% The authors implanted
conventional growing rods in patients with severe curves and
used two distraction procedures to perform a staged correction
of the deformities. The use of growing rods for temporary inter-
nal distractions could facilitate curve correction by stretching
the soft tissues safely, The results showed that only modest cor-
rection was found in the second distraction procedure. This
phenomenon could be caused by pmgressive' sti!fnes‘s of the
spine because of sudden and forceful distract:o:_zs at 1rreg'L_llar
intervals. The main drawback of this procedure is l'ht: require-
ment of patients to undergo multiple operations for dﬁf“‘g::
of the implanted device. This can lead to high anesthetic r1

wound infection, and other surgical risks. Chengetal¥’ s:m»lag:
employed two stages for the co::rective pr(_:.:edure. first gnmds
concave side by internal distraction of pedicle screws ?:l s
through intramuscular tunnels in the first ctperang:_léioml i
by respiratory function exercises and improving n:ilditional s
tus during the intervening period, and finally bya e
terior correction, ultimate instrumentation, and spin

the second operation.

13.4 Preferred Operative
Technique

Correction of severe spin
dence of risks related to n

Sl
al deformities presents very high in

eurologic deficits and to compromi:
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screws left inside. (&) CT scan done on the posto

performed for definitive correction without problems.

pulmonary function and ma[nutri'gion. It
these patients to undergo aggressive ope )
bined anterior-posterior surgery and verrfe-bral ‘cclumn resect|gn_
A posterior-only approach to the deformity w:tl} less aggressive
osteotomnies seems to be preferable for the patient. Similarly 5
posterior-only one-stage procedure can

is, therefore, risky for
rations, such 15 COMm-

EXpose the patient tg

112

Perative day confirmeg the correct

: ! él ction. In
neurologic complications without a gradual period :jr‘;r has ¢
severe scoliosis, our preferred strategy in recent y py posterio”
sisted of a period of halo-gravity traction followed esatiD
only surgery (aggressive release with Ponte osteoto 13.6). PreoP”
levels and instrumenteg fusion) (> Fig. 13.5, » Fig. ¢ there 4
erative halo traction s one method available, bu

i



Fig.13.5 A 15-year-old girl with severe scoliosis (a
consisted in a posterior instrumented fusion with dggressive posterior

=c) treated with Preoperative halo-traction: (X-
release and thoracoplasty,

ray after 21 days of traction). (d, e) Treatment

Fig.13.6 A 14-year-old girl with (a, b) severe idiopathic scoliosis treated with preoperative halo-traction, and (c, d) posterior instrumented fusion
with multilevel posterior release and thoracoplasty, with (e) a good clinical result.

controversies regarding its efficacy when compared with the
non-halo traction group.?

To optimize surgical correction and minimize operative risks
and complications, a two-stage posterior-only approach is safer
for treatment of severe scoliosis. Internal distraction devices
have been proposed for deformity correction. Some have
adopted the use of conventional growing rods, and others have
Used intraoperative skeletal traction. These procedures can
Allow staged correction of deformities but may require multiple
Surgeries. In addition, intraoperative traction has been shown
"0 lead to changes in the motor evoked potential (MEP).

13.4.1 Magnetically Controlled
GI'Owing Rod

e use of an MCGR(MAGEC; Ellipse Technologies, Inc) has
€€N proposed for gradual and safe correction of d_'fform;‘n;i
: ¢ Correction is performed over a series of distractions O ]ias
Mplanted deyice using an external magnet.*? This dnt ub-
jeeenssmdied in animals;# and it has been used in hun;aneiere
kqs' ; Cheung et al48 report on the case of a girl Wit sno]d—
YPhoscoliosis and concurrent syringomyelia anleds

Chiari type 1 malformation treated with this novel approach,
using the MCGR for gradual daily correction of the deformity.
Although the original indication for the use of this device is to
correct scoliosis deformities while allowing for spinal growth, it
has been extended to gradual correction of severe spinal defor-
mities by applying the technology of noninvasive distraction.
The MCGR is an internal distraction device and hence a major
advantage over halo traction and growing rods because it can
potentially be performed on an outpatient basis, thereby limit-
ing the patients' hospitalization time, the time away from work
for parents, and the number of operations required with the
associated anesthetic and surgical risks.*® In addition, the dis-
traction is manually controlled and can be applied with the
which provides the best form of neurologic
distraction procedures were performed to
avoid progressive stiffness or autot_'us_ion of t!w_ spinal segments
associated with growing rods. Preliminary clinical results of the
MCGR in early-onset scoliosis have been published, and the

patient awake,
monitoring. Daily

ts are promising.’'
l.‘c:"jl‘l-lliles PrDEedure adonted ubytag AULICE 35 tiebicferred

method in the last years for problems related to the use of halo-
gravity: a two-staged posterior surgery, using MCGR correction,

was preferl‘ed-

ferred Operative Technique
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osteotomies at many levels with screws im e o e
expanding rod is implanted on the‘ conca\flty of e
curve. Later, in the postoperative period, a distractio e
obtaining gradually correction of the curve. A CT stu ye -
to evaluate the screws. In the second qutermr surg rgfl.‘era]
magnetic rod is removed and the definitive rtl}ds ("1-]1 g e
three or four) are applied for definitive correction. The p =
dure is completed by thoracoplasty, and‘ .the bgne chip

obtained from resected ribs are used for definitive fusion.

13.4.2 Intraoperative Monitoring of
Spinal Cord Function

Intraoperative monitoring of spinal cord function is mandatpry
in all patients by recording somatosensory evoked potentials
(SSEPs) and transcranial electric stimulation-motor evoked
potentials (TES-MEPs). A neurophysiologic change was deﬁ.ned
as relevant when it consisted of a persistent unilateral or bilat-
eral reduction in amplitude of 50% for SSEPs and of 65% for
TES-MEPs compared with baseline. The wake-up test is per-
formed intraoperatively in only a limited number of cases due

to particular technical difficulties in acquiring the evoked
responses.

13.4.3 First Posterior Surgery

The first posterior surgery is characterized by exposure of the
posterior elements of the spine. In this first procedure, the sur-
gical steps are placement of screws, aggressive release (Ponte
osteotomies) and sometimes thoracic pedicle subtraction os-
teotomy at the apical vertebra, and implantation of the MCGR.

Screw Placement

The use of thoracic pedicle screws has become increasingly
widespread in the treatment of scoliosis and has led to a signifi-
cant improvement in deformity correction, even in large-mag-
nitude curves. However, the use of thoracic screws in scoliosis
remains controversial because of the technical difficulties and
the risk of complications34 Various techniques are used to make
thoracic pedicle screw placement safer, from guide pins
inserted into the pedicles to the C-arm intensifier,%2 from trig-
gered electromyography3 to image-guided systems based on
CT.*4 Electromyographic monitoring appeared to be of limited
value in the thoracic spine: in the study by Reidy et a]53 postop-
erative CT showed that 8.8% of screws had breached the walls of
the pedicle; thus the monitoring had not significantly improved
the reliability of safe thoracic screw placement. Computer-
assisfed screw pedicle installation permi

placed screws® but the method
scanning, high costs, and a longer operative pe
Safe methods for thoracic screw placeme
Lle ; nt include the “ana.
tomical t_echmques. such as the freehand method5s I;idanl-?
open-lamina techniquesé: the latter provides dir e
tion of the medial wall of the ped

€ct visualiza-
open-lamina technique that is

icle. A method similar to the
min MOre economj
the lamina is the mini-laminoto ol Phecting
of the borders of the thoracic

Preoperative Ct
riod,

m.y‘sus \fvhich allows Palpation
pedicles with 3 SPatula inside the

canal. This procedure, combined with them

i h i mﬂique
is very safe for apical vertebrta on _t € concavity, For he Other'
levels a simple freehand technique is preferred,

Mini-laminotomy Technique

A mini-laminotomy is performed in the cephalad part of the
lamina.3® After excision of the spinous process, the "gamenrum
flavum is completely removed with a small portion of the Jam.
ina in the upper part. This technique allows for inspectiop with
a spatula inside the canal of the superior, medial, and inferior
borders of the pedicle, and is the first portion of the Posterior

release, which is then completed more laterally, once aj] Screws

have been placed. Gelfoam is applied to contro] bleeding from,

the canal.

Pedicle Entry Point

Besides the probe inside the canal, to determine the pedicje
entry point, the well-known anatomical landmarks are used 4
The entry point at T11 and T12 is checked at the junction of
the bisected transverse process and lamina at the lateral aspect
of the pars; for the vertebrae of the midthoracic region, the
entry point is more medial and cephalad, whereas above the
midthoracic vertebrae, the entry point tends to be slightly lat-
eral and caudad.49

Screw Placement

The presumed pedicle entry point was prepared with a rongeur.
The pedicle was entered using a small curet: the instrument
was inserted by applying mild pressure for 30 mm in the proxi-
mal thoracic pedicles, for 35 mm in the midthoracic region, and
for 40 to 45 mm for the lower thoracic pedicles, directed along
the axis of the pedicle in the frontal and sagittal plane. The
screw tract inside the pedicle was checked with a pedicle probe
to palpate distinct bony borders. Pedicle screws were inserted
with a slow and gentle force using a screw diameter core"
sponding to about 80% of the pedicle diameter. In severe scolio-
sis, a preoperative CT can be useful to evaluate diameter and
morphology of the concave pedicle. The screw length was cho-
sen to be about 70% of the vertebral body on lateral fuoroscop:

The direction of the screw is more convergent medially in e
upper thoracic g

) Pine, whereas it was convergent il
mi

dthoracic spine and quite straight at T11 and T12. ScreW
placement must be confirmed by fluoroscopy using the antere
Posterior, lateral, and oblique views. The oblique view Pf"m_'s'a
further check for screw placement inside the pedicle and

for the tip of the screw and the anterior border of the ot
body. That way, if the tip of the screw is beyond the 3'_1':"“0_'
border of the body, it js immediately removed, its tract 5 F
Ilft;;k and a new screw is inserted with the appropriate S1O"

ngth,

There is no consensus of opinion in the literature as e
criteria for determining which asymptomatic malpositio”
SCrews must be revised and which must be obse G
regard to lateral malpositioned screws, they should be ProP e

in
are.
they %€

alposi-

lactically reviseq, despite being asymptomatic, if

e thoracic aorta (<5 mm), due to
ent vascular lesions; otherwise, M

direct Proximity to th
of possible Subsequ
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Fig.13.7 Ponte osteotomy: (a—c) It is a generous posterior resecti
the complete resection of the superior and inferior facets bilater
ligaments have been removed. At each level of a Ponte osteotom

tioned screws with moderate lateral cortical perforation (range,
3-gmm) can be left where they are. On the contrary, long
screws must always be removed. Medial wall penetration of
2mm would appear well tolerated and the screws can be con-
sidered acceptably positioned, although in one study MRI
revealed that the width of the epidural space was <1 mm at the
thoracic apical level on the concavity. Our previous study58
reviewed 115 consecutive patients who underwent posterior
instrumented fusion in our department (1999-2001) per-
formed by three different surgeons using 1,035 transpedicular
thoracic screws. Eighteen screws (1.7%) were misplaced in 13
patients (11.3%). Postoperative CT was performed, however, in
25 of the 115 patients (21.7%) when standard and oblique post-
operative radiographs raised well-founded doubts regarding
the positioning of 30 screws. Therefore, compared with the 311
screws examined by CT, these 18 misplaced screws represented
instead 5.7% (i. e, a much higher rate).

Posterior Release

After screw placement, the posterior release is realized using
Ponte osteotomies at many levels (> Fig. 13.7). Ponte osteo-
'omies are posterior shortening procedures introduced f9r
Stheuermann kyphosis®® treatment and subsequently used in
the treatment of scoliosis. The procedure is realized 'thl'OllS]_T a
generous posterior resection of the superior and inferior lamind
With the ligamentum flavum as well as the complete TESECHON
of the superior and inferior facets bilaterally. Pfe"'io“f]!“" dm:mg
EXposure of the spine, spinous process and interspinous l:ga-
Ments have been removed at each level, leaving them In 8 a(:]
for just the first three upper levels of fusion to avoid _]I.I.l'lCthil_'l :
Problems, Thys, at each level of a Ponte osteotomy,  83P 018

'35t 6mm is created. On the concavity, during bone reseczgnns'
* SPatula must be insert to protect the cord. Large undercu o
of the Jamina is crucial to prevent spinal cord ComlJl‘e_SSIis
“hen the gaps created are closed during correction pfsccliofid

Pedicle Subtraction Osteotomy

: t
A pedicle subtraction osteotomy (> Fig. 13.8) 15 pErforli':'l_lEgh:_
© apical vertebra of severe scoliosis presenting : mi‘}cedure
e curve with a Cobb angle >100 degrees®’: the PEY L
3 Dreferred to apical vertebral resection. which llwts higher
;Se:tion of one or more vertebral levels and presehl
¥ for complications.

on of the superior and inferior
ally. Previously during exposur

13.4 Preferred Operative Technique

part of the lamina with the ligamentum flavum, with
e of the spine, spinous process and interspinous

, @ gap of at least 6 mm is created.

Fig. 13.8 Thoracic pedicle subtraction osteotomy. A pedicle subtrac-
tion osteotomy s performed at the apical vertebra of scoliosis
presenting a main thoracic curve with a Cobb angle >100 degrees. A
wide laminectomy is performed over the apical level with the entire
lamina of the cephalad and caudal vertebrae being removed. The
spinal cord and the emergence of the corresponding roots must b.e
well exposed. It is better to remove both pedicles, not only the pedicle
on the convex side, to provide a more effective correction.

A wide laminectomy is performed over the apical level “’_i“‘
the entire lamina of the cephalad and caudal vertebrae being
removed. The spinal cord and the emergence of the ::_urreSpund-
ing roots must be well exposed. Then the pedicles to b.e
resected are encircled, and removal of q'le vertebral body is
started (more aggressive on the convexity of the curve? Iby

ans of straight and curved curets through a lateral pedicle-
mi:l entrance. It is better to remove both pedicles, not unly_the
ggd?’cle on convex side, to prov?de a more effective contectmn_

- lly a posterior-based closing wedge osteotomy is per-
ks 3::1 uite similar to a Jurbar osteotomy used for sag}tta]
farme . qe of the spine. It is very important to minimize epm!u-
st sseous blood loss during this surgery, not only with
rel a2 bperiosteal stripping of the posterior vertebral ele-
_iEe plso with the continuous use of adjunctive hemo-
mer_lts. o Before starting bone resection of the osteotomy,
ot agents.ds are implanted to stabilize above and below the
oo Tl;-)eslen:ten:l. Upon completion of the procedure, com-
levelsifnb:cmss the pedicle screws closes the osteotomy. The
pres

short rods can be left in the site.
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Fig. 13.9 A magnetically controlled growing rod is inserted on the
concave side of the thoracic curve, in general between T3-T4 and L1~
L2. A first distraction is performed intraoperatively. The other screws
were preinserted for the later definitive correction.

Magnetically Controlled Growing Rod

Before implanting the MCGR, a very short convex rod (limited
to the apical vertebra) is implanted in compression, in general
in sites of multilevel aggressive release or eventually thoracic
pedicle subtraction osteotomy (» Fig. 13.9), The other two short
rods are implanted, one in the lumbar levels and the other in
the upper thoracic site to align the spine.
The short convex rod is removed and the MGCR is inserted
on the concave side of the thoracic curve, in general between
T3-T4 and L1-L2. It is better not to prebend the rod to avoid
harming the magnetic mechanism of the rod. Before implanta-
tion, it is necessary to distract the rod to confirm its effective-
ness. A first distraction is performed intraoperatively. The other
screws were preinserted for the later definitive correction, Sur-
gery must be stopped for about 15 minutes to check MEPs and
SSEPs, which must remain the same as baseline values. In cases
of changed MEPs and SSEPs a wake-up test is performed prior
to the end of surgery.

Distractions can start 3 days postsurgery (> Fig. 13.10). Dis-
traction is started at 2mm per day under screening using a CT
control, at 7 days and again 14 days later. CT is also useful for
controlling the correct screw insertion, At postoperative 2
weeks, 2 cm total distraction is obtained. In cases of back pain
after distraction, the amount of daily distractions can be slowed
to 1 mm distraction per day. The young patient is fully ambu-

lant throughout all the distraction procedures and is able to
perform the activities of daily living,

After postoperative 2 weeks
improve the scoliosis correction
the second phase of surgery:
exposure of the spine. In gener
this program of distraction is a

. in general it is difficult to
obtained and it is better to do
the advantage being a simple
al, the correction obtained after
round 40% of the scoliosis,

13.4.4 Second Stage of Posterior
Surgery
The second surgery consists of removal of

temporary rods. The first step is to impla
for a gentle maneuver of derotation, T

the MCGR angd other
Nt a short convex rod
hen, the long concaye
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Fig. 13.10 Distraction of the magnetically controlled growing rod in
the days after the first posterior surgery, using an external magnet.

rod and finally a long convex rod connected with the previou:
short rod are implanted. Again surgery must be stopped fo
about 15minutes to check MEPs and SSEPs, which must
remain at baseline values. In the case of changes, a wake-up
test is performed before the end of surgery. After the definitive
instrumentation and fusion of the instrumented area, a thor-
coplasty is performed to improve the clinical result
(» Fig. 13.11).

Derotation

In severe scoliosis it is also possible to use direct derotaion
maneuvers, The flexibility index must be around, but not Iesi
than, 40%. In the direct vertebral rotation introduced by Le¢®
al.%! during or after the concave rod rotation, screw demta“ﬁ
which are inserted into the juxta-apical screws on the G
and convex sides, are rotated to the opposite direction ofm-
rotation. On the contrary, the vertebral coplanar alignment Pm_
posed by Vallespir et al62 used slotted tubes attached to ™
axial convex screws.

The rod must be short and limited to the convex apic
bra only. The idea of Vallespir et al6? to consider de.mta e
the convex side of the scoliosis can be very effective I & U
Vere curves. The derotation is done with an en blo¢ i of
applied to the apical screws only: the convex screws ih'fe g
tightened. Concurrently, an assistant applies a force of g set
prominence, Once the maneuver has been complete® ure
apical screws are tightened. The entire derotation P ord-
requires about 20 minutes. The procedure cannot aV0'¢ ~
coplasty because of the incomplete effect of derotatio” -aenrﬁ‘
severe rib hump. The direct rotation can expose tie pa?eﬂﬂm'
neurologic risks: the use of SSEPs and MEPS i strongly g cal
mended and avoids neurologic deficits. Monoaxial § othef
significantly improve the vertebral derotation effect >
authors have maintained,5? but in severe scoliosis AU s

tation maneuvers screw pullout is possible, so urip
could be better o use,

4l verte:
tion o"

A



13.5 Conclusion

Fig.13.11 (a, b) A 17-year-old boy with severe
idiopathic scoliosis, treated with a two-staged
posterior surgery using a magnetically con-
trolled growing rod (MCGR). The first surgery
consists of a posterior aggressive release with
Ponte osteotomies at many levels with implan-
tation of screws. (c, d) An MCGR is implanted on
the concavity of the scoliotic curve: later, in the
postoperative period, a distraction is applied
obtaining gradual correction of the curve.

(e, f) In the second posterior surgery, the MCGR
is removed and definitive rods are applied for
definitive correction, completing surgery with
thoracoplasty.

S - 4cm to avoid a concavity where the original rib deformity was.
Definitive Instrumentation It is important to resect different ribs and to reduce the lengrp
Generally the definitive rod alloy implanted is titanium. p.olyax— of resection in proximal and distal ribs. TII:E suture of ﬂ;:tp;;: |
ial screws are used for severe scoliosis in periapical sites 0 osreum and paravertebral muscles m}.lst very a_ccurbbl .
‘ reduce the difficulties of rod capture. For the concave rudﬁa water test (Valsalva malIlEl.lV(-;r’thIE: ulmes t(:n s::d?:'o ]:;l . :,f 1::; ;I
i i its inherent stiff- ook for a leak in the pleura) is not always ; |
{ cobalt-chrome alloy is sometimes preferred as 1ts 1n : _ ; e
. ; : S horacic ffusion may develop postoperatively, witho (l
ness permits a better correction of scoliosis curve and £ L _ : .-
k hwoﬁwhosis [fit’f:;ent rods are implanted. A short one 1S resylt of trauma to the pleura. It is bet(tier ftgl L":Eﬁ :e ctl:)e;\tm tilb: |
applied on the convex apical vertebrae. A long rod is applied o0 jp every patient mm)e:tlatgly a:ht::a ::“t:ﬁs e
the concavity of the curve. And a third, long rod is applied  quite painful and frightening
on the convexity of the scoliosis, connected with the previous  days after surgery.

i i d in the ;
i the procedure is finished. No braces are use :
\ mE poz.ltz;g{ative]:ﬁeeks due to the stability of the applied screw i
| instrumentation. |
H Thoracoplasty

in incision is the . il
| sammacoplasty completes the surgery. The S0 00 mpar 13,5 Conclusion
h s3me as that for the previous procedure. The thor%coslippecl . . ize surgical correction and minimize i

Esqa needs £ e ncised and clevaess = ﬁnge;l:: fasciais 1N conclusion, to ;anﬁ?ﬁﬁig 2 two-stage, posterior-only
e : les. i i and com v 5 A
th;Ween the fascia and the parave.rtebral 1?1 u:.frue over the Ti DPEratlvﬁ ;snksbe safer for treatment of severe adolescent Idfo-
d uected taviard thali ppHit ot d the muscle approaciveen s. The first surgery is a posterior aggressive
l oy The single EUsyaRe D il ugh to the pathic Sc?]ml 'te osteotomies at many levels with implanta-
l rerting the rib is incised with electrocautey bmrizc%sed The release wntlI:i Plr;npedide screws: an MCGR is implanted on the
1 ) . e . = ; : :
l;z‘:izzieum, el mhsm lli—lf';scen:fl:;e rib completely tzj:c:\figuofpme scoliotic curve. Later, in the postoperative
eum must be pulled off the su i c

i SR i i dual correction of
i : eriosteum 13 ; istraction is applied to obtain gradual :
| (slélliper and inferior edge of the rib). After (%0 ti:epgssed: the rib penod]._:ed’lrile correction is performed over a series of distrac-
| 2 ;Dperl underneath the rib. A Doyen Ele“i;oihe rib is resected g:]enz‘;r the implanted device using an external magnet. In the |
Completely free from the periosteum, a

: more than, |
With a rib cutter. The rib resection is around, but not
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i i d the
second posterior surgery, the magnetic ['Od.lS remo;'ec!‘ in i
definitive rods are applied for final correct'lon and fusio | =
erally, a thoracoplasty is performed to improve the clin

result.
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