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Normal Age-Adjusted Sagittal Spinal Alignment Is
Achieved with Surgical Correction in Adolescent
Idiopathic Scoliosis

Subaraman Ramchandran, Norah Foster, Akhila Sure, Thomas J. Errico, Aaron J. Buckland

Division of Spine Surgery, Department of Orthopaedic Surgery, NYU Hospital for Joint Diseases, New York, NY, USA

Study Design: Retrospective analysis.

Purpose: Our hypothesis is that the surgical correction of adolescent idiopathic scoliosis (AIS) maintains normal sagittal alignment
as compared to age-matched normative adolescent population.

Overview of Literature: Sagittal spino-pelvic alignment in AIS has been reported, however, whether corrective spinal fusion surgery
re-establishes normal alignment remains unverified.

Methods: Sagittal profiles and spino-pelvic parameters of thirty-eight postsurgical correction AlS patients <21 years old without prior
fusion from a single institution database were compared to previously published normative age-matched data. Coronal and sagittal
measurements including structural coronal Cobb angle, pelvic incidence, pelvic tilt, thoracic kyphosis, lumbar lordosis, sagittal vertical
axis, C2—C7 cervical lordosis, C2—C7 sagittal vertical axis, and T1 pelvic angles were measured on standing full-body stereoradio-
graphs using validated software to compare preoperative and 6 months postoperative changes with previously published adolescent
norms. A sub-group analysis of patients with type 1 Lenke curves was performed comparing preoperative to postoperative alignment
and also comparing this with previously published normative values.

Results: The mean coronal curve of the 38 AIS patients (mean age, 16+2.2 years; 76.3% female) was corrected from 53.6° to 9.6°
(80.9%, p<0.01). None of the thoracic and spino-pelvic sagittal parameters changed significantly after surgery in previously hypo- and
normo-kyphatic patients. In hyper-kyphotic patients, thoracic kyphosis decreased (p=0.003) with a reciprocal decrease in lumbar lordo-
sis (p=0.01), thus lowering pelvic incidence-lumbar lordosis mismatch mismatch (p=0.009). Structural thoracic scoliosis patients had
slightly more thoracic kyphosis than age-matched patients at baseline and surgical correction of the coronal plane of their scoliosis
preserved normal sagittal alignment postoperatively. A sub-analysis of Lenke curve type 1 patients (n=24) demonstrated no statisti-
cally significant changes in the sagittal alignment postoperatively despite adequate coronal correction.

Conclusions: Surgical correction of the coronal plane in AIS patients preserves sagittal and spino-pelvic alignment as compared to
age-matched asymptomatic adolescents.

Keywords: Adolescent idiopathic scoliosis; Spinal fusion; Sagittal alignment; Spinal alignment

Received Aug 19, 2016; Revised Feb 8,2017; Accepted Mar 2, 2017

Corresponding author: Aaron J. Buckland

Division of Spine Surgery, Department of Orthopaedic Surgery, NYU Hospital for Joint Diseases, 306 East 15th Street, New York, NY
10003, USA

Tel: +1-646-794-8640, Fax: +1-646-602-6927, E-mail: Norah.Foster@nyumc.org

Copyright © 2017 by Korean Society of Spine Surgery
This 1s an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Asian Spine Journal * pISSN 1976-1902 eISSN 1976-7846 « www.asianspinejournal.org


http://crossmark.crossref.org/dialog/?doi=10.4184/asj.2017.11.5.770&domain=pdf&date_stamp=2017-10-31

Sagittal spinal alignment after surgery in AIS Jral I

Introduction

Adolescent idiopathic scoliosis (AIS) is a complex defor-
mity characterized by a three-dimensional deviation of
the spinal column involving the coronal, sagittal, and axial
planes. Various theories have been postulated regarding
the etiology of AIS including genetic, neurological, mus-
cular and connective tissue anomalies, but its definitive
cause remains uncertain [1]. Despite the continued in-
vestigations into the true patho-anatomy of AIS, with the
development of innovative instrumentation techniques,
larger surgical correction can be achieved with respect to
radiographic and patient-reported outcomes.

Recent spinal deformity literature has highlighted the
importance of sagittal alignment, particularly in adult spi-
nal deformity [2-5]. These important concepts have spread
into the AIS population resulting in many new studies fo-
cusing on sagittal spinal alignment and its impact on pa-
tient outcomes [6]. Patients with primary thoracic curve
patterns and AIS have peri-apical thoracic hypo-kyphosis
that is most marked when measured in the true plane of
the deformity [7,8]. Several authors have published that
this hypo-kyphosis may further worsen with the use of
pedicular screw constructs [9-11]. Reduction of thoracic
kyphosis (TK) by 5° to 10° has been shown to be a predis-
posing factor for the development of proximal junctional
kyphosis [12]. In addition to radiographic and postural
deterioration, long-term studies of patients with sagittal
malalignment following surgical correction of AIS have
poorer patient-reported outcomes [13,14].

Preoperative planning for surgical correction requires
an understanding of the normal age-adjusted sagit-
tal alignment parameters, especially in the adolescent
population as it constantly changes [15]. Despite the im-
portance of these values, very few studies have reported
normative sagittal alignment in the adolescent population
[16-19]. One such study performed on a non-scoliotic
adolescent population by Vedantam et al. [16] reported
that asymptomatic adolescents tend to stand in a greater
negative sagittal spinal balance than adults do, despite
similar regional and segmental alignments in the thoracic
and lumbar spine. They further stated that, unlike adults,
the sagittal vertical axis (SVA) in adolescents does not
correlate with the segmental lumbar lordosis (LL) but
rather with the level of TK apex thus emphasizing the im-
portance of restoring thoracic kyphosis.

The purpose of this study was to evaluate the early post-

operative coronal and sagittal alignment changes in pa-
tients with AIS undergoing posterior segmental pedicular
instrumented fusion and compare these differences with
previously published normative data. We hypothesized
that with attention to sagittal alignment restoration, the
use of segmental pedicular instrumented fusion may still
allow adequate sagittal correction can be achieved compa-
rable to previously published normative data.

Materials and Methods

1. Data collection

A retrospective review of patients with AIS undergo-
ing posterior spinal fusion at a single academic center
between January 2013 and January 2015 was performed.
Patients with AIS were included if they were younger than
21 years of age without any previous spine fusion and if
the preoperative and early postoperative (at 6 months)
full-length standing radiographs were available. Patients
with congenital or dysplastic deformities of the spine
were excluded. All patients underwent a set of full-length
standing radiographs including standing anteroposte-
rior, standing lateral, and side-bending supine views for
classification and preoperative planning purposes. Data
extracted from electronic medical records included demo-
graphic parameters such as patient’s age at time of surgery,
gender, and body mass index; surgical parameters includ-
ing the number of levels fused, estimated blood loss (EBL),
operative duration, whether osteotomies were performed;
and radiographic parameters described below.

The surgeries were all posterior segmental instrumented
fusions using pedicular screw-rod constructs. Both the
hypo-kyphotic and hyper-kyphotic curves were corrected
using the direct sequential vertebral reduction technique
where the first rod placed in a hypo-kyphotic curve was
the concave rod while the first rod placed in the hyper-
kyphotic curve was the convex rod. In hypo-kyphotic
spines, placing the rod on the concave side first generates
more kyphosis during derotation as it pulls the vertebrae
up to the rod, while placement of the convex rod first in a
hyper-kyphotic spine prevents addition of further kypho-
sis [20]. We do not routinely perform peri-apical Ponte
osteotomie in our patients. Patients were followed-up at
3 and 6 months postoperatively to determine the early
change in the coronal and sagittal alignment. Postopera-
tive spinal alignment was then compared with previously
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published age-adjusted sagittal alignment norms. For this
study, we utilized the values reported by Ries et al. [21] on
asymptomatic Caucasian adolescents.

The study was approved by the Institutional Review
Board of the New York University School of Medicine (IRB
no. i15-01304).

2. Radiographic parameters

The radiographic parameters measured in the coronal
plane were the upper thoracic, mid-thoracic, thoracolum-
bar and fractional Cobb angles. In the sagittal plane, we
measured pelvic parameters: pelvic incidence (PI, angle
subtended by the lines joining the center of bicoxofemo-
ral axis to the mid-point of sacral endplate and the line
perpendicular to the sacral endplate), pelvic tilt (PT, angle
subtended by the lines drawn from the center of bicoxo-
femoral axis to the mid-point of sacral endplate and a ver-
tical line drawn from this point), LL (angle between the
superior endplates of L1 and S1), and pelvic incidence-
lumbar lordosis mismatch (PI-LL, lumbar lordosis angle
subtracted from the pelvic incidence angle); thoracic
parameters: TK (angle between the upper endplate of T4
and lower endplate of T12); cervical parameters: cervical
lordosis (CL, angle between the lower endplates of C2 and
C7), T1 slope-cervical lordosis mismatch and the C2-C7
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sagittal vertical axis (the horizontal offset from a plum-
bline drawn from the center of the C2 vertebral body and
the posterosuperior corner of the C7 vertebra); and global
parameters: SVA (the horizontal offset between a plumb
line drawn from the center of C7 and the posterosuperior
corner of the S1 endplate) and T1 pelvic angle (TPA, angle
formed between the lines drawn from the center of T1 to
the center of bicoxofemoral axis and the line drawn from
that point to the center of S1 endplate) (Fig. 1).

3. Statistical analysis

Preoperative coronal and sagittal parameters were com-
pared with their corresponding early postoperative values
using paired t tests. Preoperative and postoperative sagit-
tal plane parameters including TK, LL, PI, PT, and SVA
for all the patients with structural thoracic curves were
compared with previously published age-matched norma-
tive data by Ries et al. [21] using an independent samples
t test. A separate sub-analysis was performed for patients
with type 1 Lenke curves comparing their preoperative
and postoperative sagittal alignment with previously pub-
lished age-matched normative data. Mean values are pre-
sented as meantstandard deviation and p-values of <0.05
were considered significant. For statistical analysis, the
SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used.

3
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Fig. 1. (A—C) Measurement techniques of sagittal plane parameters. C2 and C7 slopes are calculated by taking the angle between
a parallel line from the inferior endplates of C2 and a horizontal line and a parallel line from the inferior endplate of C7 and the
horizontal, respectively. C2—C7, cobb angle from inferior endplate of C2 to inferior endplate of C7; SVA, sagittal vertical axis; TK,
thoracic kyphosis; LL, lumbar lordosis; PT, pelvic tilt; Pl, pelvic incidence; SS, sacral slope.
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Results
1. Stratifying the data

Thirty-eight AIS patients with a mean age of 16+2.2 (range,
8-19 years) met the inclusion criteria out of which 29
patients (76.3%) were females. According to the Lenke
classification, 24 patients (63.1%) had type 1 curves, 6
(15.7%) had type 3 curves, 3 (7.8%) had type 5 curves,
and 5 (13.2%) had type 6 curves. According to the sagittal
modifier criteria, 6 patients (15.7%) were hypo-kyphotic,
21 (55.3%) were normo-kyphotic, and 11 (28.9%) were
hyper-kyphotic. The mean number of levels fused was
9.2+1.8 with a mean EBL of 806516 mL (21.9%+14.4%
of estimated blood volume, calculated using average
blood volume of 65 mL/kg in females and 75 mL/kg in
males) and mean surgical time of 313106 minutes (range,
120-540 minutes) [22].

The mean preoperative thoracic Cobb angle was
53.6°+14.5° which was corrected to 9.6°+6.6°, achieving

an 80.9% correction (p<0.01) and the pre-operative thora-
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columbar/lumbar Cobb angle was 47.8°£11.5° which was
corrected to 9.3°+7.5°, correction of 80.5% (p<0.001).

2. Sagittal alignment in patients with structural tho-

racic curves

Thirty-five patients had structural thoracic curves with a
mean preoperative TK of 29.8°+12.6°. Six of these patients
were hypo-kyphotic, 20 were normo-kyphotic, and 9 were
hyper-kyphotic. On comparing the preoperative to post-
operative change in sagittal alignment in these 3 groups,
none of the sagittal parameters were significantly altered
in the hypo- and normo-kyphotic groups except T1 slope-
cervical lordosis mismatch which significantly decreased
in the hypo-kyphotic group (Fig. 2). In the hyper-kyphot-
ic group, however, a significant reduction in TK (46.5° to
36.4° p=0.003), lumbar lordosis (-67.7° to -59.2°, p=0.01)
and PI-LL mismatch (-18.9° to -10.6°, p=0.009) was ob-
served (Table 1, Fig. 3).

Table 2 shows the comparison between the pre- and
postoperative sagittal alignment of patients with structur-

Fig. 2. Representative case from a 15-year-old female who presented with thoracolumbar scoliosis and thoracic hypo-kyphosis (A)
and was treated with T4—L3 pedicle-screw construct, achieving normo-kyphosis (B). Her preoperative thoracic coronal curve was
52° from T3 to L2 and was measured at 12° 6 months postoperatively. Thoracic kyphosis was 18° at presentation which corrected
to 25° by 6-month follow-up. Lumbar lordosis changed from 50° to 61° after surgery, resulting in 6° change in pelvic incidence-

lumbar lordosis mismatch from 1° to 7° postoperatively.
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Table 1. Pre- and postoperative sagittal alignment in patients with structural thoracic scoliosis undergoing surgical correction stratified on the basis
of preoperative thoracic kyphosis

Baseline thoracic kyphosis (TK) of 35 AIS patients

Parameter Hypo-kyphosis Normal kyphosis Hyper-kyphosis
(TK<20°) (n=6) (TK 20°-40°) (n=20) (TK >40°) (n=9)

Pelvic tilt (°)

Pre 13.7+10.1 12.849.8 5.3+6.8

Post 15.949.9 11.4+8.8 9+7.1

p-value 0.19 0.34 0.07
Pelvic incidence (°)

Pre 53.4£11.2 56.6+11.03 48.8+15.7

Post 53.1£11.6 54.9+13.0 49.4+15.9

p-value 0.88 0.30 0.28
Lumbar lordosis (°)

Pre -52.1+85 -61.2412.2 -67.7+10.8

Post -49.146.5 -60.7+12.3 -59.2+11.5

p-value 0.48 0.80 0.01%
Pelvic incidence-lumbar lordosis mismatch (°)

Pre 4.4+10.5 1.3£31.9 -18.9+12.4

Post 45+14.4 1.7+30 -10.4+8.4

p-value 0.97 0.31 0.009”
TK(°)

Pre 12.5+3.0 27.5+6.4 46.5+4.2

Post 17.9+7.5 28.3£12.2 36.4+4.6

p-value 0.16 075 0.003”
T1 pelvic angle (°)

Pre 7.249.1 344128 1+8.9

Post 9.2+9.8 3.2+7.7 2.946.9

p-value 0.23 0.91 0.16
Sagittal vertical axis (mm)

Pre -6.7+17.4 29+6.8 -24.7422

Post -11.9+21.6 15.143.5 -19+19.3

p-value 0.65 0.25 0.33
C2-C7 Cobb angle (°)

Pre 12.8+12.9 3.2¢135 -7.5+13.4

Post 7.1+4.8 2.4+15.3 -8.1£18.9

p-value 0.19 0.80 0.9
C2-C7 sagittal vertical axis (mm)

Pre 22.9+10.2 14.1+9.7 26.845.7

Post 21.5¢7.1 14.9+10.4 2546.6

p-value 0.70 0.73 0.28
T1 slope-cervical lordosis mismatch (°)

Pre 27.948.9 20.4+8.1 19.5+10.7

Post 22.146.5 22.3+9.3 19.1£3.1

p-value 0.03" 0.45 0.86

AlS, adolescent idiopathic scoliosis.
“p-value represents significance.
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Fig. 3. Representative case from a 16-year-old female who presented with a hyper-kyphotic thoracic curve (A) and was treated
with T4-L3 pedicle-screw construct, achieving normo-kyphosis (B). Her preoperative coronal thoracic curve was 49° from T5 to
L2 and measured 10° at 6 months postoperatively. Thoracic kyphosis was 62° at presentation which corrected to 36° by 6-month
follow-up. Lumbar lordosis changed from 79° to 62° after surgery, resulting in 13° decrease in pelvic incidence-lumbar lordosis
mismatch from 34° to 21° postoperatively.

Table 2. Comparison of pre- and postoperative sagittal alignment parameters in patients with structural thoracic scoliosis with previously reported
age-matched normative values

Patients with structural thoracic scoliosis in our ~ Normative data reported by Ries et al. [21]

Sagittal parameter p-value

cohort (n=35; age, 16+2.2 yr) (n=30; age, 15.5 yr)

Pelvic incidence (°)

Preoperative 54.3£12.5 48.8+13.1 0.08

Postoperative 53.1+13.4 0.19
Sagittal vertical axis (mm)

Preoperative -15.7+25.6 —14.8+16.1 0.86

Postoperative -11.8+17.4 0.47
Pelvic tilt (°)

Preoperative 11.449.8 8.9+9.5 0.30

Postoperative 11.648.6 0.23
Lumbar lordosis (°)

Preoperative -61.3x11.1 58.2+11.9 0.30

Postoperative -58.3+11.9 0.97
Thoracic kyphosis (°)

Preoperative 29.8+12.6 23.5:8.5 0.02°

Postoperative 286115 0.04”

“p-value represent significance.
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al thoracic scoliosis in our cohort and that of previously
published data by Ries et al. [21]. Both preoperative and
postoperative TK in our cohort were slightly higher com-
pared to age-matched normative values (29.8°£12.6° and
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ly), yet still within the range of normal kyphosis (20°-40°).
However, the pre- and postoperative PT observed in our
patients was found to be similar to the normative data
(11.4°£9.8° and 11.6°+8.6° vs. 8.9°+9.5°, p=0.30 and

28.6°£11.5° vs. 23.5°48.5°, p=0.02 and p=0.04, respective- p=0.23, respectively).

Table 3. Pre- and postoperative alignment changes in patients with Type 1 Lenke curves undergoing surgical correction

Parameter Preoperative (n=24) Postoperative (n=24) p-value
Main thoracic coronal Cobb angle (°) 51.945.3 8.8+1.3 0.001°
Pelvic incidence (°) 51.2+13 50.4+£13.8 0.40
Pelvic tilt (°) 8.748.1 10.7+8.5 0.09
Lumbar lordosis (°) -60.6+12.9 -57+11.4 0.07
Pelvic incidence-lumbar lordosis mismatch (°) -3.9+30.8 3.1+325 0.39
L1-14(°) -25.3+12.4 -22.4+10.3 0.18
L4-S1(°) -35.318.1 -35.1+7.1 0.92
Thoracic kyphosis (°) 31.8+12.2 32.3+11.7 0.83
T1 pelvic angle (°) 11494 2.2+7.2 0.40
Sagittal vertical axis (mm) -16.6+25.6 -15.5+19.9 0.83
C2-C7 Cobb (CL) (°) 2.9+14 -0.2+15.7 0.11
C2-C7 sagittal vertical axis (mm) 208494 18.5+10.6 0.16
T1 slope-cervical lordosis mismatch (°) 21.549.1 21489 0.79

“p-value represent significance.

Table 4. Comparison of pre- and postoperative sagittal alignment parameters in patients with Type 1 Lenke curves undergoing surgical correction
with previously reported age-matched normative values

Patients with type 1 Lenke curve in our Normative data reported by Ries et al. [21]

Sagittal parameter p-value

cohort (n=24; age, 15.8+2.5 yr) (n=30; age, 15.5 yr)

Pelvic incidence (°)

Preoperative 51.2£13 48.8+13.1 0.51

Postoperative 50.4£13.8 0.67
Sagittal vertical axis (mm)

Preoperative -16.6+25.6 -14.8+16.1 0.75

Postoperative -15.5+£19.9 0.89
Pelvic tilt (°)

Preoperative 8.7+8.1 8.9+9.5 0.94

Postoperative 10.7+8.5 0.47
Lumbar lordosis (°)

Preoperative -60.6+12.9 58.2+11.9 0.48

Postoperative -57+11.4 0.71
Thoracic kyphosis (°)

Preoperative 31.8+12.2 235485 0.005°

Postoperative 32.3+11.7 0.002"

“p-value represent significance.
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3. Coronal and sagittal alignment in patients with type
1 Lenke curves

A sub-analysis of the 24 patients with type 1 Lenke curves
(12 type 1A, 6 type 1B, and 6 type 1C) demonstrated that
the mean preoperative thoracic Cobb angle of 51.9°+5.3°
corrected to 8.8°+1.3° postoperatively, a correction of
82.6% (p<0.001). With regard to sagittal alignment, none
of the thoracolumbar nor the spino-pelvic parameters
had any significant change (p>0.05) (Table 3). TK was the
only sagittal parameter that was statistically significant
for both the preoperative and postoperative values when
compared to those of age-matched asymptomatic patients
(31.8°+12.2° and 32.3°+11.7° vs. 23.5°+8.5°, p=0.005 and
p=0.002, respectively) (Table 4); however, the patients in
our cohort are still within the range of normal kyphosis.

Discussion

In addition to coronal alignment and derotation, the im-
portance of sagittal alignment correction should also be
considered during fusion for AIS patients. Thoracic align-
ment is often cited as being hypo-kyphotic or even lor-
dotic in many cases of AIS [11,22,23]. A study performed
by Pizones et al. [24] analyzed sagittal parameters for AIS
patients based on their Lenke curve type and found that
in patients with moderate AIS, Lenke type 1 curves exhib-
ited normal thoracic sagittal parameters, whereas type 3
had lower thoracic segmental hypo-kyphosis and type 2
had upper segmental hyper-kyphosis. Sangole et al. [25]
even used 3D reconstructions of the spine illustrating that
type 1 curves can be broadly divided into normo-kyphotic
and hypo-kyphotic group.

Recent research investigating the perioperative changes
in TK have been inconsistent. Roussouly et al. [26] not
only found a prevalence of lower PI (57%) and lower TK
values than average, but also a significant decrease in TK
coupled to a decrease of LL and CL in the normo-kyphot-
ic group after corrective surgery, while TK and CL were
improved in the hypo-kyphotic group. Similarly, a study
done by Sudo et al. [27] using the simultaneous double-
rod rotation technique showed a statistically significant
improvement in TK from 11.9° to 20.5° after surgery in
Lenke type 1 AIS patients in a Japanese population. Con-
versely, Hilibrand et al. [28] found that TK is preserved in
patients treated with Cotrel-Dubousset and Harrington
segmental instrumentation in their study intended to as-

sess sagittal alignment of the cervical spine in AIS.

When compared to asymptomatic, age-matched patients
without spinal deformity, those with AIS in our study had
similar sagittal profiles with respect to all studied param-
eters with the exception of TK. While on average within a
normo-kyphotic range of TK, our cohort of patients had
slightly more TK than normal controls reported by Ries
et al. [21] both preoperatively as well as postoperatively
(29.8°£12.6° and 28.6°+11.5° vs. 23.5°+8.5°, p=0.02 and
p=0.04, respectively). The same results were seen on com-
parison of these controls to our subset of patients with
Lenke type 1 curves. This data deviates from the com-
monly cited thoracic hypo-kyphosis in AIS patients and is
in concordance with results of Ries et al. [21] with respect
to patients specifically of Lenke type 1 and 2 curve.

However, our results differ with regards to change in the
TK after pedicle screw based posterior spinal fusion. Our
study demonstrated the statistically significant decrease
in TK and reciprocal decrease in the noninstrumented LL
reported by Ries et al. [21] was only present in patients
that were hyper-kyphotic at baseline. Hyper-kyphotic AIS
patients had a correction of their hyper-kyphosis from
46.5°+4.2° to 36.4°+4.6° (p=0.003) whereas AIS patients
that were hypo- or normo-kyphotic at baseline did not
have any statistically significant changes in these sagittal
alignment parameters. Similarly, when performing a sub-
analysis of the Lenke type 1 patients and comparing pre-
operative to postoperative radiographic outcome mea-
sures, we noted no statistically significant changes in any
measurements with the exception of the main thoracic
coronal Cobb angle. Given that our perioperative thoracic
Cobb angle correction was mean of 81%, preservation of
normal age-adjusted sagittal alignment was achieved.

The cause for the discrepancies in the past regarding
sagittal plane parameters is often attributed to the type of
constructs used to correct the deformity. Ries et al. [21]
noted that in the recent literature, cohorts treated with
thoracic pedicle screw constructs often presented with
decreased TK, while those treated with hook constructs
had increased TK. In the current study, we used cobalt-
chromium rods and direct sequential vertebral reduction
technique for a pedicle screw construct, but did not see a
similar decrease in TK in our normo-kyphotic or hypo-
kyphotic patients. Individual surgical techniques and the
composition of the implants should be further investigat-
ed as explanations for the noted inconsistencies. Finally,
while it is generally accepted that increasing the positive
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sagittal balance will result in poorer outcomes, there has
not been sufficient evidence suggesting that correcting
previously existing thoracic hypo-kyphosis improves clin-
ical outcomes. Glassman et al. [29] came to the conclusion
that there is no clinical difference in baseline outcome
scores between Lenke type 1 AIS patients with hypo-
kyphosis and normal sagittal alignment 2 years postop-
eratively. While the research was limited to one subset of
AIS, it blends well with the results from our study to ques-
tion the role of focusing on TK and sagittal alignment as a
clinically worthwhile endeavor and use of resources.

There are limitations to our study that need to be con-
sidered when applying our results. Firstly, our study was a
retrospective review of patients. Secondly, our sample size,
though enough to achieve statistically significant results,
was limited to 38 patients. Finally, we looked at a diversity
of AIS curves and variables which could have caused a
Bonferroni effect. A prospective analysis of postoperative
AIS sagittal alignment in a larger cohort of patients may
better identify perioperative alignment changes for differ-
ent curve types.

Conclusions

In conclusion, postoperative AIS patients have compa-
rable sagittal spinopelvic alignment to asymptomatic
adolescents without spinal pathology. With due attention
to triplanar correction techniques, adequate surgical cor-
rection of the coronal plane deformity is possible while
maintaining normal sagittal alignment.
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