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Anterior Surgery in the Management of

Scoliosis

Part I: Introduction and Anterior Release

LEARNING OBJECTIVES: After reading
this article, the participant should be
able to:

1. Describe the history and evolution of ante-
rior surgery for scoliosis.

2. Explain the biomechanical principles and
limitations of anterior scoliosis instrumen-
tation systems.

3. Describe the role of anterior release in the
management of scoliosis.

nterior spine surgery for the
A management of scoliosis has

evolved during the past 40 years.
Anterior release can greatly enhance
curve correction with either anterior or
posterior fusion techniques. Anterior
fusion offers certain advantages over
traditional posterior approaches, includ-
ing shorter spinal fusion segments,
preservation of distal Iumbar motion
segments, lower risk of coronal plane
decompensation, and more rapid fusion
consolidation. Implants and techniques
have changed as surgeons gain greater
awareness of spinal balance, with
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greater attention given to normalization
of the sagittal plane. Currently, single or
dual solid-rod constructs are in favor.
Structural interbody grafting material is
preferred in regions where segmental
lumbar lordosis should be maintained.
The open anterior approach remains the
standard, but a few spine centers in the
United States have adapted minimally
invasive and thoracoscopic techniques
to achieve anterior spinal fusion with or
without instrumentation. Disadvantages
of the anterior approach include the
effects on the chest wall and mild but
permanent alterations in pulmonary
function testing. With the recent prolif-
eration and remarkable corrections
achieved from the posterior approach
with pedicle screw constructs, the utili-
ty of the anterior approach for scoliosis
correction warrants reassessment.

HISTORY

The application of anterior implants
to achieve correction of scoliosis deformi-
ty has a long history dating back at least
four decades. One of the first systems
used was the Dwyer cable and screw sys-
tem.! This system was made of titanium,
did not have very good biomechanical
properties, and failures were common in
stand-alone constructs. The Dwyer sys-
tem was followed by Zielke’s threaded
spinal rod and screw system. Zielke et al.
introduced the concept of ventral derota-
tion spondylodesis.? Initial publications
discussed the importance of varying the
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screw position in the vertebral bodies from
posterior at the apex to mid-body at the
end vertebra to enhance derotation. The
Zielke system had a complicated spinal
derotation device that seemed to achieve
the stated goal when used properly. Both
of these systems allowed segmental fixa-
tion with one screw in each vertebral body.

Dunn developed an anterior spinal
implant system that had two screws
anchored to each vertebral body through
a bulky side plate, which captured two
parallel rods. Kostuik developed an
anterior spinal rod system with two
rods. This system was based on
Harrington’s system and used a smooth
ratcheted J-inch Harrington rod for dis-
traction and a threaded 4-mm rod for
compression. Neither of these systems
had true segmental capabilities, so they
had little utility in scoliosis correction.
Harms and Beiderman developed the
MOSS system (DePuy) that could be
applied to either the anterior or posteri-
or spine. This system initially featured a
3.4-mm threaded rod; ultimately, a
smooth rod and monoaxial screws were
used for anterior scoliosis corrections.
Many surgeons adapted posterior
implant systems for anterior spinal use
as well. These include the TSRH and CD
systems (Medtronic).® The solid rods
that these systems offered, along with
the ability to achieve segmental fixation,
proved desirable. Spinal correction was
achieved with a rod derotation maneu-
ver and coronal plane correction was
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achieved by segmental compression.
The solid-rod constructs also offered
some protection against the kyphogenic
effect of anterior compression con-
structs. Based on the Kaneda device’s
superior biomechanical profile, Kaneda
developed a segmental dual-rod system
designed for scoliosis correction.* Other
manufacturers have followed suit.
Anterior implant systems currently offer
single- and dual-rod capability and a
range of rod sizes: 4 mm; 5 mm; 5.5 mm;
and 6.25 mm. Most systems have single
and dual-screw staples and offer
rod-rod cross connectors. Recently,
implant systems that allow implant
placement and scoliosis correction via
thoracoscopic approaches have been
developed.

BIOMECHANICS

The biomechanics of scoliosis cor-
rection from the anterior approach have
been thoroughly described. Discectomy
remains the major destabilizing proce-
dure that enhances intersegmental
motion and thus achieves scoliosis cor-
rection.>® Discectomy must be as com-
plete as necessary to achieve interseg-
mental motion. This usually involves a
subtotal discectomy leaving only a small
peripheral rim of annulus on the con-
cave side. Most surgeons remove the
posterior annulus to the posterior longi-
tudinal ligament. Intersegmental motion
is then evaluated with intradiscal
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spreaders. The early work of Zielke et
al. showed coronal plane corrections in
the range of 10 to 15 degrees per level.?
This was substantially greater than cor-
rections achieved with Harrington
instruments via a posterior approach
and allowed curve convexity to be short-
ened, with enhanced ability to achieve
segmental derotation, against which the
disc serves as the primary restraint.

Scoliosis correction is the result of
many biomechanically mediated steps.
These include:

e Anterior and lateral column short-
ening by removal of the discs;

e Cantilever forces applied as the rod
is introduced into the laterally posi-
tioned bone anchors;

e Achieving the obligate 90-degree align-
ment between a monoaxial screw and
the rod;

e Rod derotation from a scoliotic position
into the correct sagittal position; and

e Application of compression forces in
an intersegmental fashion from apex
to end vertebra.

The biomechanics of lateral vertebral
body screws have been studied extensive-
ly.”® Unicortical versus bicortical pur-
chase has been analyzed. There appears
to be a significant biomechanical advan-
tage of bicortical purchase with the cur-
rent screw designs.’ This advantage is
somewhat diminished when two screws
are used in each vertebral body. The posi-
tion of the screw in the vertebral body has
important biomechanical implications.
Screws positioned in an oblique orienta-
tion or placed in dense juxta-endplate
bone demonstrate better biomechanical
characteristics than screws positioned in
the traditional mid-body position.1©

The effect of screw diameter and
staples on implant-bone interface sta-
bility also has been studied. A wide vari-
ety of staples has been developed with
the goal of enhancing vertebral body
screw purchase. It seems that staples
that are not anchored to the vertebral
body provide no significant biomechani-
cal benefit. Staples that have spikes
that enter the lateral vertebral body wall
appear to offer some protection against
cephalad or caudad ploughing of the
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screw within the vertebral body. Pullout along the screw’s
long axis is not affected by the presence of a staple.

Rod diameter is an important variable in determining the
risk of rod failure. Threaded rods have a high risk of failure due
to their small minor diameter and flexibility. Larger rods have
better fatigue characteristics but may be too stiff to apply to
certain spinal deformities without significant rod contouring.

The addition of a second screw into each vertebral body
along with a second rod has been shown to increase construct
stability significantly. The addition of a second rod with a single
vertebral body screw seems to have intermediate biomechanical
characteristics between the single-rod screw and dual-rod dual-
screw constructs.!! The use of two screws allows a triangula-
tion effect, which increases fixation strength by 79%.

There are many potential modes of failure for anterior
spinal constructs. Failure of the bone-screw interface can
occur by a direct pullout along the screw’s long axis. This is a
function of bone quality and the major and minor diameters of
the screw.® This occurs most commonly at the construct end
during the application of corrective cantilever force. This mode
of failure is noted very early during the postoperative period
and is frequently recognized on the first standing spinal x-ray.
Loss of bone—screw interface integrity occurs at the construct
ends. There is usually an angular change of the screw within
the vertebra, suggesting ploughing of the screw within the
bone. Usually this mode of failure occurs at the construct ends
and is noted early, i.e., by 6 weeks postsurgery.

Rod failures can occur when a pseudarthrosis arises.'?
Rod failure with pseudarthrosis occurs later in the postoper-
ative period, usually after the 6-month mark and most often
at the apex of the deformity.

The removal of the intervertebral discs creates a space
that becomes larger as one proceeds distally into the thora-
columbar spine. The early threaded rod designs depended on
compression to achieve coronal plane correction and were
kyphogenic by design. This kyphogenic effect was increased
in the lumbar spine. Additionally, these rods were too flexible
to avoid bending in axial loading during the healing process,
resulting in a progression of this kyphosis until fusion was
solid. Significant loss of intersegmental, sagittal lordosis was
an undesirable byproduct of these procedures, including the
older Dwyer and Zielke techniques.

In an effort to prevent these undesirable sagittal plane
changes, structural interbody fusion strategies were
advanced. These included structural allograft or autograft
and titanium mesh cages.

The use of solid rods reduced the kyphogenic changes at
the time of surgery. These rods negated the need for com-
pression as the sole mode of curve correction and resisted
disc space collapse during the healing process.

In an effort to manage the biomechanical deficiency of a
single coronally placed screw in a vertebral body, surgeons
developed anterior spinal implants for the thoracic and lum-
bar spine that allowed the placement of two screws in each
vertebral body. Initially, these were plate and screw systems,
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but ultimately, Kaneda developed a threaded dual-rod system
with a laterally positioned vertebral body staple. The initial
application of this device was for traumatic spinal injuries.'®
When combined with a structural interbody iliac graft and a
transverse rod connector, this device was able to restore bio-
mechanics back to normal in a corpectomy model. This sys-
tem was ultimately modified to include two smooth 1/4-inch
rods and open screws with an Isola (DePuy) locking mecha-
nism. This allowed fixation of multisegmental pathologies,
such as thoracolumbar scoliosis. The smooth-rod Kaneda
system was downsized to 3/16 inch and modified to fit on the
lateral side of the smaller, adolescent spine.

Biomechanical evaluation of multisegmental dual-rod
constructs suggests that these constructs achieve rigidity of
the fixed spinal segments beyond that achieved with a single
screw—rod construct. They can maintain sagittal alignment
better than single screw-rod constructs and do so without
the need for structural interbody grafting techniques. Taking
advantage of this added rigidity and sagittal plane control,
Gaines et al. have used the dual-rod constructs without inter-
body material, in a “bone on bone” interbody fusion tech-
nique. In this technique, a complete radical discectomy with
removal of the posterior longitudinal ligament is performed at
each level. The fusion segments include only those in the
Cobb measured curve. The sagittal alignment is maintained
by rod contouring in the sagittal plane. This technique
remains under evaluation, but it demonstrates the utility of
the dual-rod—dual-screw constructs in achieving and main-
taining correction in the sagittal and coronal planes.

ANTERIOR SPINAL RELEASE FOR SCOLIOSIS SURGERY

The indications for scoliosis surgery include one or more
of the following: (1) stopping the progression of a progressive
deformity, usually in a growing child; (2) correcting spinal
deformity that has the potential to cause the patient prob-
lems into the future; and (3) correcting a deformity that has
resulted in significant postural or cosmetic deviations.

The vast majority of scoliosis corrections are managed from
the posterior approach. Traditionally, the posterior approach with
application of posterior instrumentation and posterior fusion was
used to achieve partial correction and long-term stability of a sco-
liosis deformity. In severe rigid spinal deformities involving the
thoracic and lumbar spine, however, a posterior approach alone
was not adequate to achieve the desired corrections in the sagit-
tal, coronal, and axial planes. This is because the anterior struc-
tures are important in maintaining the spine in the deformed posi-
tion. In the thoracic spine, the discs and rib heads contribute sig-
nificantly to spinal stability. In the lumbar spine, the discs are the
primary restraint to rotational correction. Scoliosis surgeons soon
realized that curve corrections could be enhanced when the ante-
rior spinal structures were released. Expanding on Hodgson'’s
experience with anterior spinal approaches, spinal surgeons in
Europe and the United States began experimenting with anterior
spinal release procedures for the management of severe and rigid
scoliosis deformities as well as other pathologic entities.
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Since the mid 1970s, anterior release procedures have
become commonplace in the management of severe scoliosis
deformities. In some instances, these procedures are manda-
tory to achieve acceptable spinal realignment. Removal of
discs, rib heads, and vertebral bodies, if necessary, effective-
ly allows the anterior spinal column shortening and apical
derotation required for correction of severe and rigid spinal
deformities. Curves considered appropriate for anterior
release frequently are greater than 75 degrees and demon-
strate minimal flexibility on bending x-rays. The discs that
remain rigid on bending x-rays should be considered for ante-
rior release.

Anterior release is usually performed as the primary proce-
dure when the indication is improved curve correction. The pro-
cedure involves a thoracotomy on the convex side of the curve.
Rib excision is typically one level above the most proximal disc
targeted for excision by the surgeon. From a single thoracotomy,
typically four to five discs can be removed. If a greater number
of disc excisions are required, a second thoracotomy can be per-
formed distally. If the curve extends into the lumbar spine, the
thoracotomy can be converted to a thoracoabdominal approach.
Theoretically, this allows exposure of the lateral aspect of the
entire thoracic and lumbar spine from T3-S1.

For rigid thoracic and lumbar deformities, the surgeon
often will perform an anterior release procedure and evaluate
the degree of spinal mobilization. If rigidity persists after a
complete anterior release, other structures may be maintain-
ing the deformed spinal position. These can include the chest
wall and sternum, asymmetric muscle/ligament contractures
of the thoracic and lumbar spine, pelvis, and facet joint
pathology. In these cases, intervening halo-gravity traction
can provide gradual and safe correction of these ultra-severe
spinal deformities. Gradual correction of the spinal curve,
improvement in the coronal and sagittal plane alignment, and
correction of pelvic obliquity can be achieved.

During the anterior release procedure with supplemental
traction, a cranial halo ring is applied. During the early post-
operative period, usually starting at 24 hours postoperative-
ly, traction weight is applied to the halo ring. It is critical that
the cervical spine be evaluated preoperatively to ensure that
there is no hidden pathology in this region. Traction weight
usually can begin at 5 pounds and increase in 2- to 3-pound
increments until 35% to 40% of the patient’s body weight is
applied. In most cases, several days are required to achieve
the desired traction weight. The patient’s bed is rigged with
an orthopedic overhead trapeze. Traction position should be
varied according to the patient’s desired positions. This will
typically include a 90-degree upright position and a 30-
degree reclined position for sleeping. Wheelchairs and spe-
cially prepared walking devices allow for traction during
upright positioning. Small breaks from traction are allowed
for bathroom privileges and physical therapy. In general, the
patient remains hospitalized during the entire course of trac-
tion. This is necessary so that careful evaluation of the
patient’s neurologic condition, especially the cranial nerves,
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can be documented.

The period of traction duration varies. Some deformities
respond rather rapidly, (e.g., in 10 to 14 days), whereas others
may require traction periods of up to 6 weeks. The response to
traction can be tracked with weekly x-rays obtained while the
patient is in traction. The indicators for proceeding to second-
stage posterior surgery are a plateau in deformity correction
despite effective traction application or any traction-related
complications. The posterior spinal instrumentation then can
be performed with intraoperative traction applied.

Substantial improvements in curve corrections, pelvic
obliquity, and other coronal and sagittal plane measurements
are possible using the halo-gravity traction technique com-
bined with anterior release and posterior fusion procedures
for ultra-severe spinal deformity.

The role of apical corpectomy/vertebrectomy as a release
mechanism in the management of scoliosis correction is still
under evaluation. Clearly, these procedures should only be
used for the most severe and rigid deformities. The removal
of the apical vertebral body (or bodies) achieves spinal col-
umn shortening and allows major corrections in the coronal
and sagittal plane. The posterior elements of the same verte-
bra may be removed at the same level, if the deformity
requires it, completing the vertebrectomy procedure. Up to 90
degrees of correction can be achieved with a single-level cor-
pectomy/vertebrectomy. This demanding surgical technique
submits the patient to increased blood loss and increased
risk of neurologic injury. The surgeon must keep these fac-
tors in mind when considering adding this procedure as a
component of anterior release. Halo-gravity traction may be
used after anterior corpectomy procedures in preparation for
second-stage posterior surgery.

In general, most of the deformities that are severe
enough to warrant a corpectomy/vertebrectomy technique
would not be amenable to anterior spinal instrumentation.
Exceptions include patients with a congenital spinal deformi-
ty, such as a hemivertebra, that must be excised. In these
cases, the hemivertebra and the adjacent discs are excised,
and correction is achieved by spinal column shortening.
Usually, the posterior portion of the hemivertebra needs to be
removed as well. This achieves complete correction and
results in the fewest spinal segment fused.

Thoracoscopic anterior scoliosis procedures have gained a
great deal of notoriety during the past 10 years. The spinal
applications were a logical extension of thoracic surgical expe-
rience with this technology.!* In general, one-lung ventilation is
required in patients undergoing this procedure in the lateral
decubitus position. Typically, three to four portals are required
for a standard anterior release procedure.!> Anterior release
procedures involve the excision of disc material and rib heads
similar to what can be done through an open thoracotomy.'¢ The
parietal pleura is opened, and the segmental vessels are sacri-
ficed. The exposure is circumferential from convex to concave
rib head. Harmonic scalpels are used to dissect the spine and
incise the annulus. The annulus then can be removed with a
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variety of standard spinal instruments modified for the thora-
coscopy technique. These include osteotomes, elevators,
curettes, and rongeurs. As in the open anterior discectomy pro-
cedure, the disc can be removed back to the posterior longitu-
dinal ligament and from posterior corner to posterior corner.!”
If necessary, the convex rib head may be excised as well.
Thoracoscopic anterior releases can be as thorough as open
anterior releases, depending on the experience and tenacity of
the surgeon. In a biomechanical comparison, thoracoscopic
anterior release and open anterior release achieved the same
degree of spinal mobility.!® Fusion results currently are equal
with open and thoracoscopic techniques.

Thoracoscopic anterior spinal instrumentation has been
developed for application to the lateral aspect of the spine.! By
use of a thoracoscopic exposure, the intervening discs are
removed, and spinal implants are applied to the lateral aspect
of the spine. The currently available systems use a single screw
per vertebra.2® C-arm fluoroscopy is used to aid implant inser-
tion. Innovative techniques of rod reduction and screw com-
pression have been developed that allow correction of thoracic
curves into ranges comparable with open techniques. In initial
series, pseudarthrosis was the major problem. This seems to
have improved with greater attention to endplate preparation
and bone-grafting techniques. Interestingly, there have not been
demonstrated significant benefits to thoracoscopic technique
over open thoracotomy technique when the following parame-
ters are analyzed: operative time (greater for thoracoscopy);
blood loss; and chest tube drainage. Days of hospitalization are
lessened by thoracoscopic techniques as are postoperative pain
ratings. Pulmonary function tests are initially better with tho-
racoscopic technique than open thoracotomy 6 weeks postop-
eratively, but there is no difference at 1 year.

Thoracoscopic anterior release is also possible in the
prone position. This apparently decreases the need for one-
lung ventilation and does not require repositioning the
patient to perform the anterior release and posterior fusion
during same operative session.

CONCLUSION

Anterior surgery for the treatment of scoliosis has evolved
greatly. Anterior surgery remains an important adjunctive
technique that surgeons can use to treat scoliotic deformities
of the spine. The anterior release can enhance anterior correc-
tion and fusion. It also can be used as a component of a two-
part anterior release, posterior instrumentation and fusion pro-
cedure to correct and maintain some of the most severe spinal
deformities. One must think of anterior surgery as part of the
global approach to surgical management of scoliosis.
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1. Which of the following advantages does

4. Enhanced vertebral body screw pullout 8.

The use of spiked vertebral body staples

anterior fusion offer over posterior

surgery for scoliosis?

A. Shorter spinal fusion

B. Preservation of distal lumbar motion
segments

C. Lower risk of coronal plane decom-
pensation

D. All of the above

strength is achieved by

A. oblique orientation

B. mid-body positioning

C. placement in juxta-endplate bone
D.Aand C

Anterior release via thoracotomy is
performed

A. on the concave side

B. in the middle of the discs to be excised
C. to preserve rib heads over the disc

Anterior discectomy and release can
A. provide 10 to 15 degrees of correc-

B. allow for rod derotation to provide

Anterior release is probably best used in

A. spinal deformity greater than 75 degrees

2. Mechanisms of anterior scoliosis correc-
tion include all of the following except
A. anterior and lateral column shorten- spaces
ing by removal of the discs D. none of the above
B. cantilever forces applied as the rod is
introduced into the laterally positioned
bone anchors r level
C. achieving 90-degree alignment between 100 per teve
a monoaxial screw and the rod .
. . . correction
D. rod derotation from a scoliotic posi- . .
Lo . . C. result in kyphosis
tion into the correct sagittal position
E I . . . D. all of the above
. application of distraction forces in an
intersegmental fashion from apex to
end vertebra patients with
3. The role of discectomy for anterior sco-

liosis surgery is

. overrated

. important only for spine fusion

. open for surgical techniques

. the main mechanism for spinal cor-
rection if performed thoroughly and
subtotally

ogowrE

B. spinal deformity greater than 45 degrees
and flexible

C. rigid spinal deformity on bending x-rays

D.Aand C
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10.

provides

A. resistance to screws ploughing through
the vertebral body

B. targets for the surgeon to better
enhance rod attachment to the screws

C. improved biomechanical strength in
screw pullout

D. all of the above

Indications for scoliosis surgery include

A. stopping the progression of a pro-
gressive deformity, usually in a grow-
ing child

B. correction of spinal deformity that has
the potential to cause the patient prob-
lems into the future

C. correction of a deformity that has
resulted in significant postural or cos-
metic deviations

D. all of the above

Halo-gravity traction is used

A. for severe curves that are rigid even
after anterior release

B. to increase height prior to posterior
fusion

C. to enhance fusion rates

D. all of the above



