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Selective Versus Nonselective Fusion

for Idiopathic Scoliosis

Does Lumbosacral Takeoff Angle Change?

Mark F. Abel, MD,* Stephanie K. Herndon, MEd,* Lindsay D. Sauer, PhD, ATC,* Wendy M. Novicoff, PhD,*
Justin S. Smith, MD, PhD,*t+ Christopher I. Shaffrey, MD,*t and The Spinal Deformity Study Group

Study Design. Retrospective review of a prospective, multicentered
database.

Objective. To determine the relationship between preoperative
lumbosacral takeoff angle (LSTOA) and postoperative thoracolumbar/
lumbar Cobb angle (TL/L Cobb angle) in patients undergoing
selective thoracic fusions.

Summary of Background Data. Selective fusion of the thoracic
curve can improve the lumbar curve inpatients with idiopathic
thoracic scoliosis and a compensatory lumbar curve. Predicting
improvement is controversial and determining whether to perform a
selective fusion or nonselective fusion can be difficult.

Metheods. Patients had undergone either nonselective or selective
spinal fusion for adolescent or juvenile idiopathic scoliosis (Lenke
1B/3B/1C/3C). Outcome measures were: coronal and sagittal
thoracic Cobb angle, TL/L Cobb angles, lumbar apical vertebral
translation, LSTOA and coronal decompensation. Analyses
compared relationships between preoperative and postoperative
radiographic measures.

Results. Positive, significant correlations were found between
preoperative LSTOA and preoperative TL/L Cobb angle in the
nonselective (r = 0.7; P < 0.001) and selective (r = 0.5; P <
0.001) fusion groups. Mean two-year postoperative coronal TL/L
Cobb angles were significantly improved in nonselective and
selective fusion groups (32° and 20°, respectively, P < 0.001). In the
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nonselective fusion group, LSTOA significantly decreased by 11° (P
< 0.001), and in the selective group, the LSTOA had a modest but
significant decrease of 2° (P < 0.001). The nonselective fusion also
resulted in more lordosis between T10 and L2 (7.5° of lordosis) than
the selective approach (2.7° kyphosis, P < 0.001). For both groups,
upper thoracic kyphosis increased after surgery (P < 0.001, P <
0.001). For nonselective fusions, regression modeling predicted TL/L
Cobb angle at two-year follow-up based on preoperative TL/L Cobb
angle and preoperative LSTOA (> = 0.4, P < 0.001).

Conclusion. Collectively, these data demonstrate the preoperative
TL/L Cobb angle and LSTOA can be useful predictors of postoperative
TL/L Cobb angle after a selective instrumented fusion. Analyses of
distal fixation levels demonstrated that to appreciably change the
LSTOA using a posterior instrumented fusion, the distal level of
fixation must be beyond the lumbar apex.

Key words: adolescent idiopathic scoliosis, lumbosacral takeoff
angle, nonselective fusion, selective fusion, surgery. Spine
2011;36:1103-1112

goals of scoliosis surgery are to restore frontal and sagit-

tal spinal alignment, while fusing as few spinal segments
as possible. Preservation of motion segments is critical for
functional activities. Also, when fusions are extended into the
lumbar spine, the added stresses on the few remaining seg-
ments may lead to more rapid degeneration and earlier back
pain.! On the basis of these principles, selective fusion and
instrumentation of the thoracic curve has been an accepted
approach for the management of AIS when more than one
curve exists such as for Lenke 1B, 1C, and 3C curves.>*

This concept of selective fusion was publicized by Moe
in the era of Harrington instrumentation.”” In fact, the pub-
lished review of Moe’s cases by King et al* promoted this idea
for the King type-II curves. Their article discussed double
curves in which the lumbar curve was more flexible than the
dominant thoracic curve, and acceptable frontal balance was
achieved when only the thoracic curve was instrumented. Fur-
thermore, the lumbar curve partially corrected. The recom-
mendation from this review was to place the distal hook on
the upper stable vertebra, typically at T12. Stopping proximal

I n cases of severe adolescent idiopathic scoliosis (AIS), the
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to the stable vertebra was felt to contribute to “adding on” to
the thoracic curve while fixation distal to the stable vertebra
was felt to lead to coronal decompensation.

Segmental fixation of multiple vertebrae came of age with
the introduction of Cotrell-Dubousset instrumentation (CDI).
CDI allowed segmental correction using rod rotation, apical
translation, and both segmental and regional compression
and distraction.'* However, with CDI came reports of coronal
decompensation, which were variously attributed to overcor-
rection of the thoracic curve, the rigidity of the fixation pre-
venting spontaneous balancing, or the tendency of surgeons
to extend CDI into the lumbar curve.!:!?

In 1991, Mason and Carango'? published a report of se-
lective fusions in AIS comparing Harrington and CDI. The
investigators found decompensation was more common with
CDL. Furthermore, a parameter called the lumbosacral take-
off angle (LSTOA) was defined as the angle formed by the
center sacral vertical line (CSVL) and a line passing through
the midpoints of S1 and the midpoint of the apical lumbar
vertebra. This article suggested that selective fusion did not
alter the LSTOA, but the sample population included only
41 cases, which limited the power to detect change. None-
theless, the authors concluded that with selective fusions, all
correction of the lumbar curve was occurring proximal to the
apical lumbar vertebra. They proposed a regression equation
to predict the residual lumbar Cobb angle using preoperative
lumbar Cobb angle, preoperative thoracic Cobb angle and
Cobb angle of the thoracic curve on the right bend film as
independent variables.!* Since this article was published, no
study has explored the relationship among the LSTOA, selec-
tive fusions and the frontal compensation of the spine.

Subsequent reports on the effects of selective fusion on the
postoperative lumbar Cobb angle and on the coronal balance,
including contemporary pedicle screw constructs, continue to
focus on the size and the flexibility of the lumbar curve and
the rotation of the lumbar curve both in standing and bending
films.? Also, the distal point of fixation is believed to be im-
portant in maintaining coronal balance. Still no consensus has
been reached on parameters, which can predict postoperative
lumbar Cobb angle or coronal balance. Generally, surgeons
are content leaving a small lumbar curve, which remains flex-
ible rather than fusing to L4 or below. For example, in Lenke
3 curves, on the basis of magnitude and stiffness, many sur-
geons recommend nonselective fusion of both curves, where-
as, for Lenke 1B curves, which are more flexible, more often
a selective fusion is done."” In Lenke 1C curves, which by
definition have a more flexible lumbar curve than in the 3C,
the opinions are divided between those advocating a selective
approach to induce correction in the lower curve and those
recommending fusion of both curves.

The purpose of this study was to determine the relation-
ship between the LSTOA and the final lumbar Cobb angle
in patients undergoing selective thoracic fusions. We hypoth-
esized that the LSTOA can be important in predicting the
residual lumbar Cobb angle and thus in deciding the distal
fusion level of whether to include the lumbar curve in the in-
strumentation. The hypotheses explored in this study were as
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follows: (1) The LSTOA is related to the magnitude of the
preoperative lumbar Cobb angle and the apical vertebral
translation-lumbar (AVT-L). (2) Selective fusion (where the
lower instrumented level was above the apical lumbar verte-
bra) of Lenke 1B, 1C, or 3C curves would not substantially
alter the LSTOA or AVT-L. (3) Frontal decompensation (C7
plumb off the CSVL) would be related to the LSTOA, and de-
compensation would be more likely if the lower instrumented
vertebra were between the lower thoracic stable vertebra and
the apical lumbar vertebra. (4) We did not feel sagittal profiles
would differ before surgery or change from surgery in com-
parison of selective and nonselective fusion techniques. How-
ever, we recognize that surgeons will extend the distal level
of fixation beyond the TL junction if preoperative kyphosis
exists, but this can be accomplished with a selective fusion if
the distal fixation is cephelad to the apical vertebra. These hy-
potheses were explored in cases treated by multiple surgeons
using varied constructs including contemporary pedicle screw
constructs, all hook constructs and hybrid constructs.

MATERIALS AND METHODS

This study involved the extraction of data from a physician-
directed (Spinal Deformity Study Group), multicenter data
collection effort termed Prospective Pediatric Scoliosis Study.
All data elements were sent electronically to a central data
repository along with the digital radiographic images to al-
low checking by data managers. Patients chosen for this study
were: identified as having undergone spinal fusion surgery for
adolescent or juvenile idiopathic scoliosis (one patient was 9
years old at the preoperative time point), aged 9 to 18 years
at the time of radiographic diagnosis, only cases with curves
classified as Lenke 1B, 3B, 1C, and 3C, and apical vertebra of
the lower curve had the CSVL at or medial to (Lenke B) or lat-
eral (Lenke C) to the pedicle.' None of the patients had prior
spinal surgery. All patient data were collected prospectively
at preoperative and two-year postoperative time points. Data
were then reviewed retrospectively to assess the hypotheses
listed earlier. This study was vetted and approved by the insti-
tutional review board of the university.

Spinal fusions were identified as either selective or nonse-
lective type. A nonselective fusion was defined as a fusion in
which the distal fixation of the construct terminated below
the apical vertebra of the lower curve. A selective spinal fu-
sion was defined as a fusion in which only the upper spinal
thoracic curve was instrumented and the distal fixation termi-
nated at or above the apical vertebra of the lower spinal curve.
The levels of distal fixation for selective fusions were classi-
fied as: 3 levels above, 2.5 levels above (meaning two vertebra
and a disc), 2 levels above, 1.5 levels above, or less than or
equal to 1 level above (a disc only) the lumbar apex of the
lower spinal curve. An analysis by level of distal fixation was
performed. Constructs were also classified as being all-screw,
hook, and screw (when the distal anchors were screw and the
upper hooks), all-hook, or hybrid (when wires were included
with hooks and screws). An all-screw construct was defined
as having at least 90% of fixation points as pedicle screws. In
practice, this allowed the use of a transverse process hook as
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Figure 1. Lumbosacral takeoff angle (LSTOA), defined as the angle be-
tween the center sacral vertical line (CSVL) and a line through the mid-
points of L4-ST (A). Apical vertebral translation-lumbar and coronal
decompensation, (B).

the most proximal anchor with pedicle screws for all other
fixation points. An analysis of selective fusions by construct
type was performed.

Radiographic measurements were completed according to
guidelines published by the Spinal Deformity Study Group.!”
Thoracic Cobb angle (coronal and sagittal), thoracolumbar/
lumbar Cobb angle (TL/L Cobb), AVI-L, LSTOA and coro-
nal decompensation (CD) measurements were made. LSTOA

was defined as the angle between the CSVL and a line through
the midpoints of L4, LS5, and S1 (Figure 1A). The LSTOA
was measured on all radiographs by one of the investigators
(S.K.H.). AVT-L was defined as the perpendicular distance be-
tween the CSVL to the center of the lumbar apical vertebral
body or disc (Figure 1B). CD was defined as the perpendicular
distance between the C7 plumbline and the CSVL.

DATA ANALYSIS

Data were analyzed using SPSS version 16.0 (SAS Institute
Inc., Cary, NC). Distributions of variables are given as means,
standard deviation (SD), and ranges. Pearson correlations
were performed to measure the strength of the linear relation-
ships between preoperative TL/L Cobb and LSTOA, AVT-L
and LSTOA, and CD and LSTOA for both selective and non-
selective fusion groups, as well as for both groups combined
(all preoperative cases).

A two-tailed paired ¢ test was used to compare the selective
and nonselective groups at baseline and after surgery. To ac-
count for multiple comparisons, a P value less than 0.01 was
considered significant. Paired # tests were performed to assess
for significant differences between the levels of distal fixation
relative to the lumbar apex.

A multiple linear regression analysis was performed to
examine the relationships between the two-year TL/L Cobb
angle and the preoperative LSTOA and TL/L Cobb angle for
selective fusions to develop a predictive equation for two-year
TL/L Cobb angles. Standard residual analysis was performed
to assess model fit.

Pre-Operative Correlation Analysis - All Cases (n = 204)
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RESULTS

A total of 204 patients who underwent instrumentation and
posterior correction of AIS were identified. Follow-up ranged
from 2 to 6 years (mean = 36 months). There were 81 non-
selective fusions and 123 selective fusions. With regard to
curve type, 58 cases were Lenke 1B, 101 were Lenke 1C, 7
were Lenke 3B, and 38 were Lenke 3C. In the selective fu-
sion group, 57 cases were screw-only constructs, 30 were
hook/screw constructs, 20 cases were hybrid constructs, and
16 were hook-only constructs. In the nonselective group, 38
were screw-only, 33 hook/screw constructs, and 10 hybrid
constructs. There were no “hook only” constructs in the non-
selective cases.

The main thoracic Cobb was not significantly different in
the nonselective fusion group (58°) and the selective fusion
group (59°). However, preoperative TL/L Cobb angle (42°
vs. 50% 134 P < 0.001), preoperative LSTOA (14° vs. 19
P < 0.001), and preoperative AVI-L (23 mm wvs. 33 mmy;
P < 0.001) were all significantly greater in the nonselective
group. No significant preoperative difference in sagittal Cobb
measures was found between groups.

CORRELATIONS

A positive and significant correlation was found between pre-
operative LSTOA and preoperative TL/L Cobb angle in the
study populations (r = 0.8; P < 0.001, Figure 2). In nonse-
lective fusions, preoperative LSTOA was positively and sig-
nificantly correlated with TL/L Cobb (r = 0.7; P < 0.001),
AVT-L (r = 0.6; P < 0.001), and CD (r = 0.4; P = 0.0035,
Table 1). In the selective fusions, preoperative LSTOA was
positively and significantly correlated with TL/L Cobb (r =
0.5; P < 0.001), AVT-L (r = 0.6; P < 0.001), and CD (r =
0.5; P < 0.001, Table 1).

SELECTIVE FUSIONS VERSUS NONSELECTIVE
FUSIONS

Coronal Cobb Angles

Cobb Angles improved after surgery in both groups. Proximal
thoracic curves improved from 20.8° to 12.0° (P < 0.001) in
nonselective fusions, and from 24.8° to 12.5° (P < 0.001) in
selective fusions. Main thoracic curves improved from 58.0°
t023.0° (P < 0.001) in nonselective fusions, and from 58.9° to
26.7° (P < 0.001) in selective fusions. The amount of change
between groups was not significant (Table 2).

Coronal TL/L Cobb angles were significantly improved in
both treatment groups at two-year follow up, with greater
improvement in nonselective fusions (Table 2). In nonselective
fusions, TL/L Cobb angles significantly improved an average
of 31.6° (50.0° to 18.4°% P < 0.001). In the selective group,
the TL/L Cobb angles improved an average of 20.0° (42.2° to
22.2°% P < 0.001, Table 2).

Sagittal Angles

In both groups, increased junctional kyphosis resulted be-
tween T2 and T35 after surgery. In the selective group, kypho-
sis increased 3.2° between T2 and T35, (P < 0.001) and 4.8°
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between T10 and L2, (P < 0.001). In nonselective fusions,
kyphosis increased 4.9° between T2 and TS5 (P < 0.001), but
was found to decrease 6.6° between T10 and L2, (P < 0.001,
Table 3). Thus, between group changes in the sagittal plane
were not significant with the exception of postoperative T10-
L2 sagittal Cobb in which 2.7° of kyphosis in the selective
fusions was found at 2-years compared with 7.5° of lordosis
in nonselective cases (P < 0.001, Table 3).

AVT-L

The AVT-L was significantly improved in both groups at two-
year follow up, with greater improvement in the nonselec-
tive fusion group (Table 2). In nonselective fusions, AVT-L
significantly decreased an average of 17.8 mm (33.1 mm to
15.3 mm; P < 0.001). In selective fusions, the AVI-L signifi-
cantly decreased an average of 2.4 mm (22.7 mm to 20.3 mmy;
P =0.007).

LSTOA

The LSTOA was significantly improved in both groups at
two-year follow up, with a greater mean decrease in the
nonselective fusion group (Table 2). In nonselective fusions,
LSTOA significantly decreased by a mean of 10.7° (18.6° to
7.9% P < 0.001). In the selective group, the LSTOA had a
minimal but significant mean decrease of 1.8° (13.6° to 11.8°%
P < 0.001).

LINEAR REGRESSION ANALYSIS
A linear regression analysis was performed to determine the
possibility of predicting a two-year TL/L Cobb angle using
the known preoperative LSTOA and the preoperative TL/L
Cobb angle for selective fusions. The following model was
generated:

TL/L Cobb angle (2 years postoperative) = 0.552 (Preop-
erative TL/L Cobb angle) — 0.590 (Preoperative LSTOA) +
8.28.

Pearson Correlations—Preoperative
(r values)

TL/L Cobb Coronal
Angle AVT-L | Decompensation
All Patients
(n=204)

LSTOA 0.633* 0.690* 0.393*
Nonselective
group (n = 81)

LSTOA 0.650* 0.602* 0.364*
Selective group
(n=123)

LSTOA 0.479* 0.611* 0.467*
AVT-L indicates apical vertebral translation-lumbar; LSTOA, lumbosacral
takeoff angle.

*Significant at the 0.01 level (2-tailed)
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Figure 3. Representative example of a selective fusion in a Lenke 1B
curve classification before surgery (A) and 2 years postoperative (B).
The Lenke 1B curve case represented in this figure demonstrated a
preoperative thoracolumbar/lumbar Cobb angle of —41°. The preop-
erative lumbosacral takeoff angle was 12°. Two years postoperative,
this case demonstrated a thoracolumbar/lumbar Cobb angle correction
to —21°. This Cobb correction closely matched the regression equation
that predicted approximately —21.4° postoperative correction.

This model yielded an R? of 0.4, and the regression pre-
dictors were found to be significant (P < 0.001). Residual
analysis showed that this model fit was adequate; standard-
ized residuals were generated for the 2 year TL/L Cobb angle
and resulted in a normal distribution. This model was tested
against a matched set of data (n = 50). The mean difference
in the model estimation and the actual two-year TL/L Cobb
angle measures yielded results with no significant mean differ-
ence (2° = 9.6; P = 0.132). Representative cases are shown
in Figures 3 and 4.

SELECTIVE FUSIONS-—WITHIN GROUP
ANALYSES

In the selective fusion group, the effect of an improved two-
year TL/L Cobb angle was seen regardless of construct type
or distal level of fixation (Table 4). Distal fixation to the lum-
bar apex resulted in no improvement of LSTOA, AVT-L, and
CD. There was a significant decrease in the AVI-L of 4.5 mm
(P < 0.001) observed in all-screw constructs (Table 4). In an
analysis of LSTOA by construct, significant decreases in the
LSTOA were observed in only all-screw constructs (—2.6°%
P < 0.001). In addition, in an analysis of LSTOA by distal
level of fixation, constructs terminating 0 to 1.5 levels from
the lumbar apex failed to change LSTOA (Table 4). There
were no changes in CD due to construct type or distal level of
fixation for the selective fusion group.

1108 www.spinejournal.com

DISCUSSION

This study was designed to assess LSTOA as a predictor of
residual TL/L Cobb angle after selective fusions and evaluate
where the induced correction is occurring after selective fu-
sion. We also sought to understand for which curves surgeons
are more likely to perform selective fusions and, like other
studies, to determine the effects of selective and nonselective
fusions on radiographic measurements of the spine.

To focus on the specific hypotheses addressed in this study,
we found that LSTOA was highly correlated to TL/L Cobb
angle and the position of AVI-L was confirmed. The sec-
ond hypothesis that selective fusion would not substantially
change the LSTOA and AVT-l was also borne out.>"* The
LSTOA change was only 2°. This was true of all construct
types including contemporary pedicle screw constructs. Screw
constructs seemed to provide greatest ability to correct the
TL/L Cobb, LSTOA, and AVT-L, but the power to detect dif-
ference between groups was limited so definitive statements
were not possible. Furthermore, the change in the AVT-L and
the LSTOA after selective fusion was very small and of lim-
ited clinical impact despite being significantly significant.

The fact that there was little change in the LSTOA with
selective fusion illustrates that while the TL/L curve did im-
prove, the majority of correction was in the cephalad half
of the curve. As the distal fixation approached the lumbar
apex, the trend was for greater TL/L Cobb correction. How-
ever, as the fixation approached one segment from the lumbar
apex, there was a worsening of the coronal balance.” This
supports the third hypothesis that CD would be related to the
LSTOA and that fusions approaching the apical lumbar ver-
tebra did result in worsening of the CD. Still, the correlation
between CD and LSTOA, while significant, was not as strong.
This finding supports the recommendation that, for selective
fusions, the distal fixation should end near the stable zone to
preserve coronal balance.

The fourth hypothesis related to the sagittal profiles. Sev-
eral factors in the past have been assessed as important in the
decision to perform a selective fusion. The presence of T-L ky-
phosis can make a surgeon less inclined to perform a selective
fusion for fear of creating junctional kyphosis.* In this study
there were no significant preoperative differences in sagittal
measures. However, we did find that increased proximal junc-
tional kyphosis occurred with both selective and nonselective
techniques and that after a nonselective fusion, more T-L lor-
dosis resulted then with selective fusions.

Several factors have been considered important in the deci-
sion between selective versus nonselective fusions and instru-
mentation in the Lenke 1B, 1C, and 3C curves. Flexibility of
the lumbar curve on bending films has been suggested as im-
portant, but precise guidelines are lacking, and the reliability
of bending measurements has yet to be established.>* In this
study, although flexibility was not evaluated, one can assume
that in the selective fusion group, a range of lumbar flexibili-
ties existed and yet the change in LSTOA was minimal.

Bridwell et al** have suggested that vertebral rotation in
the lumbar spine be used to decide on selective fusions. Oth-
ers have shown that rotation did not play a role in surgeon’s
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Selective Fusions Within Group Two-year Postoperative Change Scores By Construct Type

and Distal Level of Fixation

Thoracolumbar- Coronal
Lumbar Cobb Angle* LSTOA AVT-L Decompensation
Total
Selective (n = 123) -20.0° £ 9.9° -1.8°*4.6°* | 2.3 =94 mm* -0.6 = 13.1 mm
Construct type
All-screw (n = 57) -22.0° = 9.8° -2.6° %= 4.5°* | 4.5+ 93 mm* -39+ 13.7 mm
Hook/screw (n = 30) -17.2°+9.2° -03°*x45° | -1.2=10.3 mm 3.2 =11 mm
Hybrid (n = 20) -23.4°*+ 11.1° -3.0° = 5.3° -1.2 £ 8.2 mm -0.5 +13.8 mm
All-hook (n = 16) -14.2° £ 6.0° -0.3° = 3.8° 2.2 *7.7mm 45+ 11.4mm
Distal level of fixation (all construct types
combined—relative to lumbar apex)
3 Above (n = 15) -18.1° = 7.5° 22*+30* 2.7 259 mm -1.9+11.2 mm
2.5 Above (n = 34) -19.9° = 10.6° 2.1 x45* 2.4 +94 mm -0.2 =129 mm
2 Above (n = 42) -19.0°* 9.7° 24*+40* | -3.0=11.1T mm -1.5 = 14.2 mm
1.5 Above (n = 14) -23.4°+10.6° -29=*55 -3.4*89mm -0.1 =10.2 mm
<1 Above (n = 18) -21.6° £ 10.4° 1.4+58 -0.6 = 8.2 mm 1.7 = 15.3 mm
Change score = 2-year postoperative value — baseline preoperative value.
*Significant at the 0.01 level (2-tailed).
AVT-L indicates apical vertebral translation-lumbar; LSTOA, lumbosacral takeoff angle.

Figure 4. Representative example of a selective fusion in a Lenke 1C
curve classification before surgery (A) and 2 years postoperative (B).
The Lenke 1C curve case represented in this figure demonstrated a
preoperative thoracolumbar/lumbar Cobb angle of —50°. The preop-
erative lumbosacral takeoff angle was 25°. Two years postoperative,
this case demonstrated a thoracolumbar/lumbar Cobb angle correction
to —35°. This Cobb correction closely matched the regression equation
that predicted approximately —34.1° postoperative correction.

Spine

decisions.!® Furthermore, like flexibility measurements, the re-
liability of rotational measurements has yet to be established.
The unreliability of these measures as predictors may be at
the source of the variance among surgeons in choosing a fu-
sion strategy. For example, in Lenke 3 curves based on mag-
nitude and stiffness, many surgeons recommend nonselective
fusion of both curves, whereas in Lenke 1B curves more of-
ten a selective fusion is done.!® In Lenke 1C curves, which by
definition have a more flexible lumbar curves than in the 3C,
the opinions are divided between those advocating a selective
approach to induce correction in the lower curve and those
recommending fusion of both curves.!’

This study shows the importance of the LSTOA as a pa-
rameter to describe AIS. If the surgeon feels that the LSTOA is
too large, then a nonselective approach should be considered,
since the selective fusion is not likely to substantially change
the LSTOA. Furthermore, the regression analysis demonstrat-
ed that 40% of the variance of the postoperative TL/L Cobb
angle could be established by knowing the preoperative TL/L
Cobb angle and the LSTOA, such that a prediction of the
TL/L Cobb angle can be made to help the decision. Finally, if
the distal level of fixation is within one segment of the lumbar
apex, improvement of the LSTOA and CD will be less likely.

CONCLUSIONS

Collectively, these data demonstrate that preoperative lum-
bar Cobb angle and LSTOA can be used as predictors of the
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Selective Fusions (n=123)
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Figure 5. Lumbosacral takeoff angle pre-
) . . ) operative and two-year postoperative se-
0 a0 a5 20 s 10 N lective fusions plotted by distal level of
’ ’ ’ ’ ’ fixation (*change significant at the 0.01
Rel to Apex level, two-tailed).

Figure 6. Selective fusion—distal level of
fixation is located at the lumbar apex.
Lumbosacral takeoff angle increased
from 8° to 17°. Apical vertebral transla-
tion-lumbar increased from 17 mm to
37 mm and coronal decompensation in-
creased from 4 mm to 21 mm.
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Figure 7. Selective fusion—distal level of
fixation is located two levels above the
lumbar apex. No change in lumbosacral

takeo
bral t

mm and increase in coronal decompensa-
tion from 11 mm to 28 mm.

Lumbosacral Takeoff Angle and AIS e Abel et al

ff angle (18°), increase in apical verte-
ranslation-lumbar from 25 mm to 35

postoperative lumbar Cobb angle after a selective instrument-
ed fusion. Using a selective fusion technique, minimal change
in the LSTOA will occur. Also using a selective technique will

lead

to mild T-L kyphosis. Knowing these facts may help in

choosing between selective and nonselective fusing techniques.

>

Spine

Key Points

U Preoperative lumbosacral takeoff angle (LSTOA) cor-
related significantly to the preoperative thoracolum-
bar/lumbar Cobb angle (TL/L Cobb angle) in patients
with idiopathic thoracic scoliosis and a compensatory
lumbar curve (Lenke 1B, 3B, 1C, or 30).

O Selective fusion of Lenke 1B, 3B, 1C, and 3C curves
had minimal effect on the LSTOA.

U To appreciably change the LSTOA using a posterior
instrumented fusion, even with complete pedicle
screw constructs the distal level of fixation must be
beyond the lumbar apex.

U The preoperative TL/L Cobb angle and LSTOA can be
used as predictors of the two-year postoperative TL/L
Cobb angle after a selective instrumented fusion.

U Upper thoracic junctional kyphosis may be increased
with instrumentation and selective fusions are associ-
ated with more thoracolumbar kyphosis than with
nonselective fusion.
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