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Anterior instrumented fusion for adolescent idiopathic scoliosis
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Abstract: Adolescent idiopathic scoliosis (AIS) is a complex three-dimensional deformity of the spine

consisting of a lateral curvature, apical vertebral rotation, and an impairment of the sagittal profile. Surgical

options include anterior and posterior approaches. Anterior instrumented fusion is suitable in Lenke type

1 and 5 curves. It supplies excellent results in coronal plane correction and is superior in the restoration

of the sagittal profile and apical derotation. Fusion is shorter compared to posterior correction, and the

complication rate is low. Pulmonary function is impaired postoperatively but recovers within a few years.
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Introduction

Alan Dwyer introduced anterior correction of adolescent
idiopathic scoliosis (ALS) in the early seventies (1). He used
an anterior cable and screw instrumentation system to
correct and stabilize scoliotic deformities. The technique
showed good results in the frontal plane; however, due
to the anterior compression, a tendency to kyphosis was
inherent in this technique. This was favorable in the
thoracic region but disastrous in the lumbar spine (2).
Besides, the pseudarthrosis rate was high.

The anterior technique was further developed by Klaus
Zielke (3). He introduced a flexible solid threaded rod/screw
system with the possibility of derotation with a special tool
(derotator). In the following, the fusion rates improved; however,
the problem of kyphosis in the lumbar spine remained.

Subsequent developments improved the results of
anterior scoliosis surgery. The introduction of screw/rod
systems with stiff rods (single and double rods) allowed for
a new correction maneuver: a correction was achieved by
rotation of a pre-bent stiff rod. The problem of kyphosis in
the lumbar spine was overcome by the use of structural grafts/
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cages in the disc space. By a combination of these techniques
(rod rotation, anterior support, and compression via the
instrumentation), the complete correction of the deformity
in all three planes was achieved with the high stability of the
construct. The pseudarthrosis rate decreased (4-7).

Anterior correction of AIS was the predominant
procedure at the end of the last century, but numbers
decreased markedly in favor of the posterior procedures.
However, in the same period, the number of fused levels
increased considerably (e.g., two added segments in Lenke
1 curves) (8). Long-term follow-up studies are imperative to
evaluate these effects in the course of the patient’s lifetime.

Indication

Anterior correction in AIS should be considered in single
thoracic and lumbar deformities with flexible compensatory
curves. These are type 1 and type 5 curvatures according to
Lenke’s classification.

The indication for anterior correction and fusion
depends on the degree of scoliosis in the frontal plane, the
amount of kyphosis/lordosis in the sagittal plane, the age
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Figure 1 Surgical approach to the thoracic spine via a double

thoracotomy.

of the patient, the expected further progression, and the
cosmetic impairment (rib hump).

In the thoracic spine, the indication for surgery is starting
with a Cobb angle of 40 to 50 degrees. The ideal patient
for anterior instrumented fusion is the single thoracic curve
(Lenke type 1 A—C) with pronounced hypokyphosis (T'5-12
sagittal modifier—or N). Since the anterior correction
includes a shortening of the anterior column of the spine
and is therefore kyphogenic, it should not be applied in
primarily hyperkyphotic cases (rare), or in very young
children that tend to develop hyperkyphosis during further
growth due to the anterior tether.

In the lumbar spine, indication for surgical correction
is given with an angle of 35 to 40 degrees. Lenke type
5 curves are ideal for anterior instrumented fusion, since the
length of fusion is shorter than in posterior correction and
derotation is more effective.

Diagnostics

Radiographs of the whole spine in AP and lateral view, as
well as bending films, are inevitable to assess the extent,
localization, and flexibility of the main curve as well as
the compensatory curves. MRI of the whole spine is
recommended to exclude intraspinal pathologies. In severe
cases, a low-dose CT and traction films should be considered.

The deformity is then classified according to Lenke (9).

Technique
Thoracic curves (Lenke type 1)

In the thoracic spine, correction, and fusion are performed
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from end vertebra to end vertebra. For typical Lenke 1
curves, the uppermost instrumented vertebra is T'5 or T6,
the lowest T11, T12, or L1. The patient is placed on a
hinged table (hinge at the apex of the curve) in the lateral
position with the convexity of the curve up. The approach
is performed via a single skin incision and a double
thoracotomy, the upper one between 4" and 5" respectively
between 5" and 6™ rib with distal osteotomy of the rib,
the lower one usually 4 rib spaces lower. This allows for
access to the disc spaces in the trajectory of the discs with
an unobstructed view of the posterior ligaments. The rib
heads overlapping the discs are removed. Depending on the
severity of the rib hump, the proximal parts of the ribs are
resected. The discs are removed completely, including the
contralateral and posterior annulus, to achieve sufficient
segmental mobility for correction. The longitudinal fibers
of the longitudinal posterior ligament are visible and should
be partially disrupted by distraction in very rigid cases.
Removal of the discs results in a shortening of the anterior
column of the spine, thus restoring a physiological thoracic
kyphosis. In severe hypokyphosis the convex and anterior
part of the endplates should be removed as well to reinforce
this effect. Screws are inserted in the center of the vertebral
body parallel to the endplates and, according to the rotation
of every single vertebra, parallel to the posterior wall. The
first part of correction is obtained by setting the OR table
back to a neutral position and traction of the patient. The
rod is bent according to the intended sagittal contour;
further correction is then achieved by cantilever technique,
rotation of the prebent rod from scoliosis to kyphosis,
and final compression. A structural graft or cage may be
used at the lowest fused disc space to avoid a junctional

thoracolumbar kyphosis (Figure 1).

Lumbar curves (Lenke type 5)

Correction and fusion are usually performed from end
vertebra to end vertebra as well, typically T11 to L3.
The approach is a thoracic-phrenic-lumbotomy with
sectioning of the diaphragm close to the costal insertion.
After resection of the discs and insertion of the screws,
the prebent rod (bent according to the intended sagittal
contour) is put in; correction is achieved by a cantilever
technique when inserting the rod and by rotation of the
prebent rod from scoliosis to lordosis. Structural spacers
(e.g., cages) are inserted in the debrided disc spaces;
compression is applied via the rod. Autologous bone or
bone substitutes are added for bony fusion.

Ann Transl Med 2020;8(2):31 | http://dx.doi.org/10.21037/atm.2019.11.84



Annals of Translational Medicine, Vol 8, No 2 January 2020

Fixation can be performed with single or double rod
instrumentation. Follow-up studies showed no significant
difference in functional or radiographic outcomes between
both types of instrumentation (10).

Thoracoscopic surgery

Video-assisted thoracoscopic surgery for AIS has been
introduced in the 1990s. The goal was to achieve similar
results like in open surgery with reduced approach morbidity:
less muscle dissection, less postoperative pain, improved
cosmesis, and less effect on the pulmonary function. The
expectations were only partially answered. Compared to
open thoracotomy, video-assisted thoracoscopic surgery had
similar curve correction, a similar number of fused levels,
and similar complication rates (11). Blood loss and operation
theatre time seem to be equal or even higher (12).

Postoperative treatment

Patients are mobilized on the first postoperative day. A
brace is not necessary. The patients are allowed to start with
well-controlled sports like jogging, swimming, or bicycling
three months after surgery. They may return to full activity
six months after surgery.

Results
Clinical and radiographic results

Anterior instrumentation and fusion in AIS may deliver excellent
results in short-term as well as long-term examinations.

In our series of 50 patients with thoracic and lumbar
scoliosis, we evaluated clinical results with the SRS30
outcome score with a follow-up of 10 to 26 years (average
16 years): we found an average score of 4.1 (pain 4.2/
function 4.2/self-image 4.0/mental health 3.9/satisfaction
4.2); patients with thoracic scoliosis correction scored
slightly better than patients with lumbar correction: 4.2
vs. 3.9 (13). These results are similar to a control group of
volunteers without scoliosis (14).

Several recent publications endorse these favorable
results. Tis ez al. (15) described a series of 85 patients with
thoracic curves (Lenke 1) in a five-year follow-up, Sudo
et al. (16) a series of 25 patients with average 15 years
follow-up, and Rushton ez al. (17) 18 patients with 2 years
follow-up. They found that anterior correction and fusion
is a safe and reproducible procedure for thoracic AIS. The
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correction rate was between 51% and 64% in the coronal
plane; the complication rate was low. The SRS outcome
score improved significantly.

The advantages of anterior versus posterior techniques
are the true segmental derotation with excellent rib hump
correction (18). The rib hump showed better correction
after anterior surgery than after posterior correction
procedures (17).

Maintenance of thoracic curve correction after anterior
instrumentation and fusion supplied a stable spontaneous
correction of the second lumbar curve over time (19) (Figure 2).

For thoracolumbar/lumbar curves (Lenke 5), excellent
results are described in short- and long-term follow-
up as well. Verma ez al. found an SRS score of average
4.4 two years after surgery (20), Kelly et /. a score of 4.3
and Sudo ez al. of 4.2, both at 17 years follow-up (21,22).
The correction described in the coronal plane was between
74% and 80%, with a powerful derotation of the apical
vertebrae (20,22,23). Complications like pseudoarthrosis
and implant failures were rare (10,23). High rates of
satisfaction were described even in Lenke type 6 curves with
partial reduction of the thoracic curve (24) (Figure 3).

Sagittal profile

Thoracic scoliosis is mostly associated with hypokyphosis or
even lordosis in the sagittal plane. The three-dimensional
degree of hypokyphosis is usually underestimated when
plain lateral radiographs are used (25) (Figure 4).

Anterior correction and fusion can correct this
hypokyphosis and restore a physiological sagittal profile.
When comparing anterior and posterior approaches for
correction of thoracic AIS, the results in frontal plane
correction are similar; however, there is clear evidence that
the anterior approach is superior in the restoration of a
normal thoracic kyphosis (17,18,26-28).

These results are of special interest, as a thoracic flat
back seems to be a risk factor for lumbar degenerative disc
disease after spinal fusion in a long-term follow-up (29).

On the other hand, in patients with preoperative
hyperkyphosis, a posterior approach should be considered.
Furthermore, very young patients with high growth
potential are at risk of developing hyperkyphosis during
further growth after anterior correction and fusion.

Fusion length

In anterior scoliosis correction, the fusion is usually
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Figure 2 A 14 years old girl with adolescent idiopathic thoracic scoliosis. (A,B,C,D) Thoracic hypokyphosis causes cervical kyphosis; (E,F)
the long-term follow-up radiographs 18 years after surgery shows the instrumentation T5-12 with solid fusion. The straight lumbar spine,

no degenerative changes: sagittal profile is restored with physiological cervical lordosis.

performed from the upper-end vertebra to the lower end
vertebra. Some authors recommend even shorter fusion
segments down to three vertebrae/two segments in special
cases to rebalance the spine (30). Current recommendations
for posterior scoliosis correction comprise more segments
in thoracic as well as in thoracolumbar/lumbar curves.
The difference in fusion length is between one and fore
vertebrae (26,28,31-36).

In our opinion, it is of utmost importance to keep the
fusion length in these young patients as short as possible.
This is especially valid for mobility in the lumbar segments.
It may be accepted that the stress in a few residual mobile
segments is higher and that this will result in an increased
rate of degenerative disc disease during a lifetime (37).

Pulmonary function

After the anterior approach, due to the opening of the chest
wall, the pulmonary function is more deteriorated than after
a posterior approach. However, it improves within the next
months. After two years, pulmonary function is comparable
to the preoperative values without significant differences
between anterior and posterior approaches (38,39).

This was also found for thoracolumbar/lumbar AIS
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patients who underwent a thoracic-phrenic-laparotomy (40).

Discussion

The aim of surgery for AIS is a three-dimensional
correction with a well-balanced, straight spine, and fusion
as short as possible. A physiological sagittal profile has
to be restored; the apical vertebrae have to be derotated.
For a perfect cosmetic result, the shoulder level should be
horizontalized, and the rib hump corrected.

Correction of thoracic deformity by an anterior
approach is based on two mechanisms: First is the
shortening of the anterior column of the spine, second
the correction via the rigid rod. It has been shown that
an aggressive anterior release with the removal of the rib
heads, complete resection of the annulus, disruption of the
posterior longitudinal ligament, and partial resection of
the endplates of the adjacent vertebral bodies results in a
considerable shortening of the anterior spine. Spontaneous
correction of scoliosis follows this shortening without
the application of any corrective force (41). In this case
series with anterior release and posterior instrumentation,
thoracic scoliosis corrected spontaneously from 80° to 50°
after the anterior release, thoracic kyphosis improved from
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Figure 3 A 16 years old girl with a thoracolumbar scoliosis (Lenke 5C) (A,B,C,D,E,F), one year postoperatively following anterior

correction and fusion (G) and five years postoperatively: well-balanced spine with a short instrumentation and fusion (H,I).

11° to 32°. The reason for this effect is probably linked to
the development of thoracic scoliosis: The imbalance of
anterior and posterior spinal column length in favor of the
anterior column may be a driving force in the development
of thoracic AIS. The effect is a hypokyphotic and scoliotic
spine. Anterior shortening reverses this imbalance; the spine
straightens spontaneously, and kyphosis evolves (Figure 5).
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The second part of the correction and the stabilization is
then performed by the anterior instrumentation with a rigid
rod by a cantilever procedure, rod rotation, and convex
compression.

Surgery for AIS is to regard in the very long term. The
main point is the quality of life of the patients within the
following fifty or sixty years. Against this background, the
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Figure 4 The 3D imaging reveals the severe hypokyphosis/lordosis in the scoliotic thoracic spine. Anterior shortening restores a physiologic
sagittal profile.

Figure 5 Rigid scoliosis Lenke 2A in a 12-year-old girl (A,B) and one week after anterior release with shortening of the anterior column of
the spine without instrumentation (posterior instrumentation planned): spontaneous correction of scoliosis, restoration of thoracic kyphosis

(standing position) (C,D).

approach for surgery is secondary. Time for surgery, size believe that the most important goal of surgery has to be: to
of the scares, and length of hospital stay may be secondary bring the spine into the best possible starting position for
in the long run. It may even be secondary if there is a the next 50 years, to allow the patients a pain-free life with
temporary decrease in pulmonary function. The authors functional restrictions as less as possible.
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Factors that may have an impact on resilience and
functionality of the spine in the long view and may reduce
degeneration of the residual mobile spinal segments are:

(I)  Fusion as short as possible to improve functionality,
and to distribute the loads on as many mobile
segments as possible to avoid early disc
degeneration;

Load of the remaining mobile segments in
a physiological manner (less residual curve,

uy)

physiological sagittal posture, horizontal upper
and lower instrumented vertebra, derotation of the
spine).

This has an impact on decision making for the approach
in AIS surgery. An anterior or an anterior-posterior
approach should be considered if thereby the fusion levels
can be reduced, the sagittal profile can be improved, or a
better derotation can be achieved. These advantages will
persist for a lifetime; most of the disadvantages are only
temporarily.
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