
Choosing Fusion Levels in
Adolescent Idiopathic Scoliosis

Abstract

Correct identification of fusion levels in surgical planning for the
management of adolescent idiopathic scoliosis is a complex task.
Several classification systems and algorithms exist to assist
surgeons in determining the appropriate levels to be instrumented.
The Lenke classification is the benchmark system. Among the
many factors and measurements that are taken into account when
selecting the proper upper instrumented vertebra and lower
instrumented vertebra are planning for selective fusion; preserving
motion segments; preventing proximal and/or distal junctional
kyphosis, shoulder imbalance, and neck pain; and maintaining
short fusion lengths. Existing treatment algorithms do not account
for every exception, and further research is required to improve
long-term surgical outcomes.

Instrumented scoliosis surgery was
first performed in the mid 1900s.1

Device and technique modifications
since then have led to improved sur-
gical results. The goals of surgical
management of adolescent idiopathic
scoliosis (AIS) include maintaining
coronal and sagittal alignment, pro-
ducing level shoulders, correcting de-
formity, and saving motion seg-
ments.

The past 50 years have seen im-
proved curve correction, reduced
postoperative immobilization time,
and preserved motion segments using
shorter fusions. Today, options are
available for either anterior or poste-
rior segmental fixation.

Classification systems for AIS are
useful for surgical planning and for
comparing postoperative results.2,3

Even so, choosing the most appropri-
ate fusion levels remains challenging.
In one study, an average of five dif-
ferent proximal fusion levels and
four different distal fusion levels
were identified in AIS cases pre-

sented to 28 surgeon members of the
Scoliosis Research Society.4 Our pre-
ferred method of selecting fusion lev-
els is described in Table 1.

Factors that influence surgical plan-
ning include the level of the end verte-
bra (EV), neutral vertebra (NV), and
stable vertebra (SV) as measured using
the Cobb technique; the disk-wedge
angle; curve flexibility; shoulder bal-
ance; T1 tilt; proximal thoracic (PT),
thoracic, and thoracolumbar kyphosis;
and lumbar apex deviation.

Selective Versus
Nonselective Fusion

One of the first steps in planning for
surgical correction of AIS is deciding
which curves to include in the fusion.
Structural curves should almost al-
ways be included. All AIS curve
types consist of one primary struc-
tural (ie, major) curve and one or
two compensatory curves that may
or may not be structural. Compensa-
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Table 1

The Authors’ Preference for Selecting Fusion Levels in Patients With Adolescent Idiopathic Scoliosis

Lenke
Curve
Type Description

Selective Thoracic
Fusion

Upper Instrumented
Vertebra Lower Instrumented Vertebra

1 Main thoracic Yes. Lumbar fusion is
optional in modifier C
curves with significant
rotation.

T2 for preoperative left
shoulder elevation, T3
for preoperative level
shoulders, T4 for pre-
operative left shoulder
depression

Vertebra merely touching the CSVL for
modifier A curves.a Proximal stable ver-
tebra (ie, at the distal end of the thoracic
curve) for modifier B and C curves.

2 Double thoracic Yes. Lumbar fusion is
optional in modifier C
curves with significant
rotation.

T2 Vertebra merely touching the CSVL for
modifier A curves. Proximal stable
vertebra (ie, at the distal end of the
thoracic curve) for modifier B and
C curves.

3 Double major Not in most cases. Op-
tional in select curves
without significant lum-
bar rotation with the
thoracic curve being
much more severe and
rigid.

T2 for preoperative left
shoulder elevation, T3
for preoperative level
shoulders, T4 for pre-
operative left shoulder
depression

Distal EV. Can fuse to the vertebra
proximal to the EV if EV−1 crosses the
midline on convex bending radiograph
and shows significantly reduced rotation.
Rarely below L3, but mild postoperative
disk wedging can occur. Sometimes L4
if a level disk is to be achieved.

4 Triple major No T2 Distal EV. Can fuse to the vertebra
proximal to the EV if EV−1 crosses the
midline on convex bending radiograph
and shows significantly reduced rotation.
Rarely below L3, but mild postoperative
disk wedging can occur. Sometimes L4
if a level disk is to be achieved.

5 Thoracolumbar/
lumbar

Selective lumbar fusion
is optional if rib hump
deformity is not a con-
cern

Upper EV. Should not be
at the apex of the tho-
racic kyphosis.

Distal EV. Can fuse to the vertebra proxi-
mal to the EV if EV−1 crosses the mid-
line on convex bending radiograph and
shows significantly reduced rotation.
Rarely below L3, but mild postoperative
disk wedging can occur. Sometimes L4
if a level disk is to be achieved.

6 Thoracolumbar/
lumbar
(main thoracic)

No T2 for preoperative left
shoulder elevation, T3
for preoperative level
shoulders, T4 for pre-
operative left shoulder
depression

Distal EV. Can fuse to the vertebra proxi-
mal to the EV if EV−1 crosses the mid-
line on convex bending radiograph and
shows significantly reduced rotation.
Rarely below L3, but mild postoperative
disk wedging can occur. Sometimes L4
if a level disk is to be achieved.

CSVL = central sacral vertical line, EV = end vertebra
a Modifier A curve = CSVL between the apical lumbar vertebra pedicles; modifier B = CSVL through the pedicle; modifier C = CSVL lateral to
the pedicle
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tory, nonstructural curvature can
achieve up to 70% spontaneous cor-
rection with no instrumentation, fol-
lowing instrumentation of the struc-
tural curvature.5 Thus, the major
curve must be identified first. Selec-
tive fusion involves fusing only one
of two curves that cross the midline.
Selective fusion may save motion
segments, which is especially impor-
tant in the lumbar spine (Figure 1).
The midline is defined by the C7
plumb line for thoracic curves and
by the central sacral vertical line
(CSVL) for lumbar curves.2,3

In 1983, King et al2 recommended
selective thoracic fusion for S-shaped
curves with a lumbar curve that is
the same size as or smaller than the
thoracic curve and also more flexi-
ble. Use of these criteria seemed to
provide satisfactory results when the
thoracic curve was fused and instru-
mented with a Harrington rod.6

However, with the use of next-
generation segmental fusion tech-
niques, greater magnitude correc-
tion, and derotation maneuvers, the
new complication of lumbar curve
decompensation and progression af-
ter selective thoracic fusion was ob-
served in a substantial number of pa-
tients. Improper identification of true
double major curves and improper
selection of distal fusion level rather
than errors in technique were sus-
pected to be the primary cause of
most of the decompensations.7-10

The shortcomings of the King clas-
sification became apparent with
greater understanding of curve be-
havior and with the development of
newer implantation techniques and
devices. The King classification
lacked a defined isolated thora-
columbar curve type. Following the
development of new segmental im-
plantation techniques and taking
into account both the coronal and
sagittal planes, Lenke et al3 in 2001
introduced a new classification sys-
tem that redefined the way in which

arthrodesis levels are selected.
The Lenke classification consists of

six major curve patterns that can be
further divided into 42 subtypes.
Structural curves were defined as
those that fail to correct to <25° as
measured on side bending radio-
graphs and/or that have a segmental
kyphosis of >20°, such as for the PT
curve (T2 through T5 kyphosis) or
thoracolumbar curve (T10 through
L2 kyphosis). Lenke et al3 recom-
mended a selective thoracic fusion
for structural curves if these curves
have at least 20% more apical verte-
bral translation (AVT) and apical
vertebral rotation than the compen-
satory curve.

Several authors have reported spon-
taneous coronal curve correction rang-
ing from 53% to 70% for noninstru-

mented lumbar curves5,11-13 and 36%
to 41% for noninstrumented tho-
racic curves11,14 for selective thoracic
and thoracolumbar fusions, respec-
tively. Factors that seem to influence
curve correction include surgical ap-
proach (ie, anterior or posterior),
skeletal maturity, compensatory
curve flexibility, sex, instrumenta-
tion, and surgical technique.5,11-14

In contrast to coronal correction,
spontaneous axial correction (ie, cor-
rection of rotation) after selective fu-
sion seems to follow different rules.
Whereas the rate of axial correction
(ie, 49%) has been found to be simi-
lar to coronal plane correction for
noninstrumented lumbar curves, the
rate of spontaneous axial correction
for noninstrumented thoracic curves
is as low as 26%.11 These results are

A, Preoperative PA spine radiograph demonstrating a structural thoracic
curve with a nonstructural lumbar curve (ie, Lenke C modifier). The vertical
line indicates the central sacral vertical line. B, Postoperative PA spine
radiograph demonstrating compensatory curve correction of the
noninstrumented lumbar curve that occurred following instrumented fusion of
the structural curve alone.

Figure 1
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likely to help clarify postoperative
expectations with patients and their
families, especially with regard to
correction of substantial rib promi-
nence in nonstructural thoracic
curves, and they may facilitate
decision-making regarding the in-
strumentation of a nonstructural
thoracic curve.5,11 Including non-
structural thoracic curves in fusion
has been recommended to prevent
worsening of shoulder asymmetry in
patients with left thoracolumbar
and/or lumbar curves that present
with left shoulder depression.15 This
recommendation is relative, however,
and should be guided by the magni-
tude of the compensatory thoracic
curvature as well as its flexibility and
its apical translation and rotation. In
cases associated with flexible, mod-
erate thoracic curves, shoulder asym-
metry often can be expected to im-
prove without including the curve in
the fusion.

A new problem developed with the
advent of improved instrumentation
techniques and surgical skill in selec-
tive fusion. Correcting the thoracic
curve to a curve magnitude signifi-
cantly less than the magnitude of the
lumbar curve on bending radio-
graphs left some patients with iatro-
genic imbalance. In some cases, this
condition corrects with time. Some
surgeons have specifically suggested
undercorrecting the thoracic curve to
match the lumbar bending curve.
Even in patients in whom spontane-
ous correction is achieved, residual
noninstrumented lumbar curve is a
risk factor for iatrogenic postopera-
tive imbalance.12,16,17 Thus, although
complete thoracic curve correction is
feasible with modern instrumenta-
tion systems, the surgeon must take
care not to create coronal imbalance
and torso asymmetry.

Another technique is to leave the
lowest instrumented vertebra (LIV)
tilted after selective thoracic fusion
for Lenke type 1 curves with a lum-

bar B or C modifier. This may pre-
vent postoperative balance decom-
pensation, especially in the setting of
a very good thoracic curve correc-
tion. However, we feel that working
to level the LIV using distraction
and/or compression will allow fur-
ther improvement of the residual
lumbar curve. This improvement
may be seen immediately or in time.
Neither approach has been com-
pletely validated, however, and fur-
ther research is needed.

Long-term studies also are needed
to determine which of the following
provides a better clinical outcome:
an unfused lumbar spine with mod-
erate residual curvature or a partially
fused lumbar spine with leveled sub-
jacent disk spaces. It is not known
whether it is better clinically to stop
a fusion distally at the thoracolum-
bar junction, thereby leaving a
curved but completely mobile lum-
bar spine, or to stop the fusion in the
mid or lower lumbar spine (ie, L3 or
L4) with an EV that is completely
parallel to the floor with virtually no
curve below. We believe that it is bet-
ter to leave an adolescent with a
small flexible lumbar curve of a mag-
nitude that would be managed with
observation rather than fusion were
it an isolated curve than it is to cre-
ate a fused, more nearly straight
lumbar segment.

Upper Instrumented
Vertebra

Motion preservation is less of a fac-
tor in selecting the upper instru-
mented vertebra (UIV) because the
thoracic spine is rigid by nature due
to the stabilizing effects of the rib
cage and sternum. Fusion to manage
scoliosis is rarely extended into the
cervical spine, which is another rea-
son the choice of UIV carries no con-
sideration for motion preservation.

The primary concerns in selecting

the UIV are preventing postoperative
shoulder imbalance, proximal curve
progression, and proximal junctional
kyphosis (PJK). In one study, the in-
cidence of PJK was 27%, and it did
not have any relation to the UIV.18

Most cases of PJK are radiographic
and are not of clinical consequence;
however, the long-term implications
of radiographic PJK are not known.
Factors associated with PJK in pa-
tients with AIS include preoperative
PT kyphosis, surgical flattening of
thoracic kyphosis, male sex, and all–
pedicle screw constructs.19 Shoulder
imbalance, however, is a significant
concern for many patients.

Several studies have attempted to
discern the best indicators for pre-
dicting the need for fusion of the PT
curve. Ilharreborde et al20 proposed
that T1 tilt and postoperative shoul-
der balance are independent vari-
ables for both single and double tho-
racic curves (ie, Lenke types 1 and
2). They agreed with the earlier con-
clusion by Lee et al21 that no rela-
tionship exists between T1 tilt and
that fusion for the entire PT curve is
not necessary for every double tho-
racic curve. Ilharreborde et al20 in-
stead proposed a method to deter-
mine the indications for fusing the
PT curve, independent of curve clas-
sification. Their analysis takes into
account PT curve rigidity, T1 tilt,
shoulder balance, and the antici-
pated effect of the main curve correc-
tion on both T1 tilt and shoulder
balance.

Based on their experience of 132
patients with an 89% success rate
for postoperative shoulder balance,
Ilharreborde et al20 recommend fu-
sion of structural PT curves and of
nonstructural PT curves if T1 tilt and
shoulder balance are in the same di-
rection (eg, to the right [ie, left
shoulder elevation]) and would be
worsened with correction of the
main curve. If they are in the oppo-
site direction, then partial inclusion
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of the thoracic curve (T2 or T3) is
possible (Figure 2).

In 1994, Lenke et al22 defined crite-
ria for inclusion of the PT curve in
the fusion. These criteria included
curve magnitude >30° and inability
to correct below 25° on side bend-
ing, apical rotation greater than or
equal to Nash-Moe grade 1 (ie, pedi-
cle touches the lateral vertebral wall
on PA or AP radiograph), AVT >1
cm, elevation of the left shoulder or
tilt of T1 into the concavity of the
PT curve, or location of the transi-
tional vertebra between the two tho-
racic curves at T6 or lower.

Burton et al23 performed a retrospec-
tive consecutive case series review in
which patients were treated with trans-
lational correction. The UIV was deter-
mined based on the centered vertebra
(ie, the vertebra most equidistant be-
tween the lateral edges of the rib cage)
of the PT curve in double thoracic
curves. In this series, 50% correction of
the PT curves was observed; however,
shoulder balance was not taken into
account. The authors concluded that it
is safe to use the UIV (ie, centered ver-
tebra) to determine the cephalad fusion
level.

Cil et al24 reviewed the Lenke crite-
ria in their series of patients with
nonstructural PT curves, some of
whom had undergone PT fusion.
They found no added radiographic
advantage to including these non-
structural curves in the fusion;
however, shoulder balance was not
specifically assessed. The authors
concluded that it is not necessary to
incorporate nonstructural PT curves
in the fusion.

Kuklo et al25 retrospectively evalu-
ated radiographic parameters associ-
ated with the PT curve in an effort to
determine whether these characteris-
tics could be used to predict postop-
erative shoulder balance. They re-
viewed the clinical, radiographic,
and patient outcomes in 112 patients
with AIS and with PT curves measur-

ing ≥20°. Patients underwent either
an all-anterior fusion (ie, T4 or be-
low from a convex right-side ap-
proach) or an all-posterior fusion.
The all-posterior fusion patients
were subdivided into three groups
based on the extent of PT curve fu-
sion, that is, fusion to T2 (complete),
fusion to T3 (partial), and fusion to
T4 or T5 (excluding the proximal
curve). There was no difference in
postoperative shoulder balance or
patient-reported clinical outcomes
between the four groups, although
the patients treated with posterior
fusion to T2 had statistically worse
preoperative PT Cobb angles. The
clavicle angle (ie, the intersection of
a horizontal line and the tangential
line connecting the highest two
points of each clavicle), not T1 tilt,
upright PT, or side bending PT Cobb
angle, was found to provide the best

preoperative radiographic prediction
of postoperative shoulder balance.
Although difference in coracoid
height also demonstrated a correla-
tion with postoperative shoulder bal-
ance, it was not as strongly corre-
lated as the clavicle angle. The PT
Cobb and the side bending Cobb
measurements did not correlate with
postoperative shoulder balance in
any of the four surgical techniques.
Those authors also concluded that a
positive clavicle angle, which is in-
dicative of left shoulder elevation, in-
dicates the need to fuse the PT curve
either completely (to T2) or partially
to prevent further decompensation of
shoulder balance. Fusion of the main
thoracic curve alone (ie, selective
thoracic fusion) would elevate the
left shoulder25 (Figure 2).

Regardless of the level of the UIV,
skeletal immaturity is a risk factor

PA spine radiographs of two patients with adolescent idiopathic scoliosis.
A, In this patient, T1 tilt and shoulder balance would be worsened with
correction of the main curve. Thus, fusion would include the upper thoracic
curve. B, In this patient, T1 tilt and shoulder balance would be improved by
correction of the main curve. Thus, the upper thoracic curve does not need
to be included in the fusion.

Figure 2

Per David Trobisch, MD, et al
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for proximal adding on. Sponseller
et al26 compared 44 patients who
had open triradiate cartilage with
450 patients who had closed triradi-
ate cartilage. A significantly higher
incidence of proximal adding on
(18% versus 8%, P = 0.02) and a
trend toward distal adding on (29%
versus 19%, P = 0.10) at a minimum
follow-up of 24 months was found
in patients who had an open triradi-
ate cartilage at the time of surgery.

Lower Instrumented
Vertebra

The long-term effect of saving distal
fusion levels is unknown, but some
authors have observed a correlation
between distal fusion length and se-
verity of back pain and disk degener-
ation.27 Despite insufficient long-
term data, it is generally agreed that
a spinal fusion should be as short as
possible. Many authors believe that
saving at least three distal disk
spaces improves the long-term
outcome.15,23,28-31 Although anterior
instrumentation techniques saved up
to three distal segments compared
with Harrington rod instrumenta-
tion, current posterior spinal instru-
mentation and techniques are dem-
onstrating results closer to those of
anterior instrumentation.23,32,33

In their classic article, King et al2

described the SV, which is the distal
vertebra most closely bisected by the
CSVL. They recommended fusion to
the SV, which is commonly L4, when
using Harrington rods. In a multi-
center study, Knapp et al6 confirmed
the value of these distal fusion levels
with slight modification. Especially
for King type IV curves (ie, long tho-
racic), they observed that fusing one
level short of the SV, usually L3,
could be safely performed to save
one additional distal motion seg-
ment.

No standard set of rules exists for

determining the LIV. However, the
Lenke classification system is helpful
for compartmentalizing treatment
decisions for LIV selection. Curve ri-
gidity, lumbar modifier, and charac-
teristics of caudal lumbar vertebra
are factors used in selecting the LIV.
The lumbar curve is included in the
fusion for Lenke type 3, 4, 5, and 6
curves. Lenke type 1 and 2 curves
with modifier C, in which there is
significant clinical truncal rotation
and radiographic AVT, rotation,
and/or vertebral wedging, may also
be included.

The Lenke lumbar modifiers A, B,
and C are defined according to the
relationship between the CSVL and
the pedicle of the apical lumbar ver-
tebra: modifier A, CSVL between the
pedicles; modifier B, CSVL through
the pedicle; modifier C, CSVL lateral
to the pedicle.3 In Lenke type 1 or
2A curves in which the lumbar curve
does not cross the midline, the most
cephalad vertebra that is merely
touched by the CSVL—not the verte-
bra that is bisected by the CSVL (ie,
SV)—is selected as the LIV. Although
this rule is widely applied, it has not
been specifically corroborated by
long-term follow-up (Figure 3). For
Lenke B and C curve modifiers in
which the lumbar curve does cross
the midline, the SV in the vicinity of
the thoracolumbar junction is chosen
as the LIV. This vertebra typically
ranges from T10 to L2 (Figure 3).

In Lenke curve types in which the
lumbar curve is to be included in the
fusion (ie, 3, 4, 5, and 6, as well as
some 1 and 2C curves), selection of
the LIV is influenced by its relation-
ship to the CSVL, the flexibility of
the disk caudal to the proposed LIV,
and axial plane rotation and flexibil-
ity. According to Burton et al,23 the
disk space immediately subjacent to
the proposed LIV (ie, caudal founda-
tion vertebra) is reversed or neutral-
ized on convex bending radiographs,
and the vertebra below the proposed

LIV has rotation of ≤15° in the
transverse plane on convex bending
radiographs. The LIV is usually one
disk cephalad to the EV of the lum-
bar curve. The authors reported
good results with the use of lumbar
pedicle screws combined with rod
derotation and selective compression
and distraction of the LIV. Satake
et al,34 however, found an increased
risk of postoperative disk wedging
following anterior instrumentation
and using similar criteria to identify
the LIV. The long-term effect of iat-
rogenic postoperative disk wedging
remains unknown (Figure 4).

Suk et al35 believe that surgical
planning should include prediction
of intraoperative correction maneu-
vers, especially in the axial plane,
where pedicle screw constructs can
achieve tremendous control of the in-
strumented vertebrae because of
three-column fixation. Suk et al35

also hypothesized that, by applying
derotation maneuvers, it might be
possible to bring the vertebrae ceph-
alad to the preoperative SV into the
stable zone, which subsequently
would allow shorter fusion. Rotation
of the lumbar vertebrae was found to
be a more important factor in surgi-
cal planning than were preoperative
lumbar curve magnitude, flexibility,
or the SV. They emphasized the rela-
tionship between the NV and the EV
in single thoracic idiopathic scoliosis.
For single thoracic scoliosis (ie, King
types III and IV), they recommended
that the distal fusion should end at
the NV when the NV is either the
same as the EV or one level distal to
the EV. When the NV is more than
two levels distal to the EV, the distal
fusion should end at NV−1 (ie, the
vertebra one level proximal to the
NV) but no shorter because shorter
fusion was associated with unsatis-
factory results.35

Lenke type 1A curves (ie, thoracic
curve with a nonstructural lumbar
curve that does not cross the mid-
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line) can present as short or long
thoracic curves (ie, King types III and
IV).36 Parisini et al36 retrospectively
analyzed 31 patients with Lenke type
1A curves to determine whether
there was any difference between
King type III and IV curves with re-
gard to the location of the SV, NV,
EV, and LIV. The difference between
these two curve types was significant
with regard to the location of the SV
and NV (P < 0.0005 for each). No
difference was identified for the EV.
The most important finding was
that, in King type III curves, the ver-
tebra below the EV was usually ro-

tated in the direction opposite that of
the thoracic curve and that, in King
type IV curves, the vertebra below
the EV was typically rotated in the
same direction as the thoracic apex.
Parisini et al36 concluded that in King
type III curves, the LIV can be cho-
sen as proximal as SV−3. In King
type IV curves, however, most cases
in which the LIV was at SV−3 pre-
sented with lumbar decompensation,
and longer fusions were recom-
mended.

Cho et al37 compared curve types
with respect to L4 tilt in 195 pa-
tients. Significantly higher odds were

found for adding on in Lenke type
1A-R curves (ie, L4 tilt to the right
[King type IV]; P = 0.042). Based on
their findings, the authors recom-
mend selecting the LIV for Lenke
type 1A curves, depending on the di-
rection of the L4 tilt. For type 1A-R
curves, they recommend selecting an
LIV that approaches the NV as well
as the last substantially touched ver-
tebra. In type 1A-L curves (ie, L4 tilt
to the left), the recommendation is to
fuse at least one level below the EV.37

Typically, only coronal radiographs
are used in choosing the LIV. How-
ever, distal junctional kyphosis (DJK)

A, Preoperative spine AP radiograph demonstrating L4 as the stable and neutral vertebra, L3 as the vertebra touching
the central sacral vertical line (CSVL), and L2 as the first vertebra that is completely dissociated from the CSVL.
B, Preoperative lumbar left-bending AP radiograph demonstrating L2 as the caudal foundation vertebra. The disk
below opens to the concave side. C, PA spine radiograph obtained 4 years following fusion to L2. Excellent curve
correction was achieved with no residual lumbar curve.

Figure 3
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and loss of lumbar lordosis, which
can be evaluated only on lateral ra-
diographs, are concerns, and either
complication may lead to increased
mechanical stress on adjacent seg-
ments, thereby predisposing patients
to degenerative disk disease or to sag-
ittal imbalance with subsequent en-
ergy-consuming compensatory mech-
anisms. Lowe et al38 found a 14.6%
incidence of DJK after segmental
posterior instrumentation. Ending
the fusion at the EV and preopera-
tive DJK (ie, thoracolumbar kypho-
sis >20°) were risk factors for this

outcome. Although extending the in-
strumentation into the lumbar spine
(L1) rather than instrumenting only
to T12 does not affect the incidence
of DJK,39 extending the instrumenta-
tion an additional level distal to the
EV seems to prevent the develop-
ment of DJK, especially in patients
with preoperative DJK.38

In a prospective study of more
than 400 patients, Trobisch et al40

identified three risk factors for loss
of lumbar lordosis: surgical flatten-
ing of thoracic kyphosis, high pre-
operative lumbar lordosis, and the

surgeon. Although these authors
identified the LIV as a risk factor for
loss of lumbar lordosis in the univar-
iate analysis, LIV did not remain a
significant factor after multivariate
analysis.

Summary

The choice of correct fusion levels in
AIS is complex, and many algo-
rithms are available to aid in making
that decision. Due to ongoing im-
provements in instrumentation and

Preoperative (A and B) and 1-year postoperative (C) PA radiographs of a 15-year-old girl with a 63° thoracic curve and
a 48° lumbar curve. This is a double major curve (ie, Lenke type 3B). The thoracic curve bends to 52° on the right-
bending radiograph (A), and the lumbar curve bends to 27° on the left-bending radiograph (B). L1 is the stable
vertebra of the thoracic curve, and T12 is the lowest vertebra touching the central sacral vertical line (CSVL). L5 is the
stable vertebra of the lumbar curve, and L4 is the lowest one touching the CSVL. L1 and L5 are neutral vertebrae. The
horizontal disk on the left-bending radiograph is L3/4 (panel B). Clavicular height was −1.5 cm. There was no
segmental kyphosis of >20°. Fusion to L3 (ie, vertebra just proximal to the horizontal disk on left-bending radiograph)
likely would have prevented postoperative disk wedging.

Figure 4
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classifications, protocols often are
outdated before they have been vali-
dated.

At our institution, we include all
Lenke structural curves in the instru-
mentation. We also include lumbar
nonstructural curves that are >45°
on standing PA radiographs or that
are associated with clinically signifi-
cant rotational prominences, or in
the presence of wedging of apical
vertebrae along with significant AVT
and rotation. The UIV should not be
subjacent to a kyphotic disk. T2 is
selected as the UIV when the left
shoulder is elevated, when T1 tilt is
>5°, and/or when significant rota-
tional prominences or trapezial full-
ness accompanies the PT curve. In
lumbar modifier A curves, the LIV is
the vertebra touching the CSVL;
however, the spine is fused one or
two levels farther distal when L4 is
tilted in the direction of the thoracic
curve. In lumbar modifier B and C
curves, the thoracolumbar SV is se-
lected as the LIV. LIV in lumbar
structural curves is influenced by
curve flexibility, proposed LIV trans-
lation, and rotation and correction
on bending radiographs.

However, not all curves can be
managed using the steps we note in
Table 1. Thus, treatment must be in-
dividualized to each patient. We
strive to avoid lumbar fusion, leaving
three mobile disks below the LIV if
possible.
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