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Abstract

Keywords:

BACKGROUND CONTEXT: Cervical deformity (CD) is prevalent among patients with adult
spinal deformity (ASD). The effect of baseline cervical alighment on achieving optimal thoraco-
lumbar alignment in ASD surgery is unclear.

PURPOSE: This study assesses the relationship between preoperative (preop) cervical spinal pa-
rameters and global alignment after thoracolumbar ASD surgery at 2-year follow-up.

STUDY DESIGN/SETTING: This study is a retrospective review of a multicenter, prospective
database.

PATIENT SAMPLE: Surgical ASD patients with 2-year follow-up and cervical X-rays were
included.

OUTCOME MEASURES: The outcome measures were radiographic parameters and self-
reported health-related quality-of-life measures (Short-Form 36 [SF-36], Oswestry Disability Index
[ODI], and Scoliosis Research Society 22 [SRS-22]).

METHODS: Surgical ASD patients of 18 years and older with scoliosis greater than or equal to
20° and one of the following radiographic parameters were included: sagittal vertical axis (SVA)
greater than or equal to 5 cm, pelvic tilt (PT) greater than or equal to 25°, or thoracic kyphosis
(TK) greater than 60°. The SRS-Schwab sagittal modifiers (PT, global alignment, and pelvic inci-
dence and lumbar lordosis [PI-LL]) were assessed at 2-year postoperatively as either normal (““0”")
or abnormal (“4+” or “++"). Patients were classified in the aligned group (AG) or malaligned
group (MG) at 2-year follow-up if all three sagittal modifiers were normal or abnormal, respec-
tively. Patients were assessed for CD based on the following criteria: C2—-C7 SVA greater than 4
cm, C2-C7 SVA less than 4 cm, cervical kyphosis (CL greater than 0), cervical lordosis (CL less
than 0), any deformity (C2—C7 SVA greater than 4 cm or CL greater than 0), and both CD (C2-C7
SVA greater than 4 cm and CL greater than 0). Univariate testing was performed using ¢ or chi-
square test, looking at the following preop parameters: CD, C2-C7 SVA, C2-T3 SVA, CL, T1 slope
(T1S), T1S-CL, C2-T3 angle, LL, TK, PT, C7-S1 SVA, and PI-LL.

RESULTS: One hundred four patients met the initial inclusion criteria with 70 in the AG and 34 in
MG. Preoperative, patients in the MG had a higher CL (11.7 vs. 4.9, p=.03), higher C2-T3 angle
(13.59 vs 4.9 p=.01), higher PT (p<<.0001), higher SVA (p<<.0001), and higher PI-LL (p<<.0001)
compared with the AG. Interestingly, the prevalence of CD at baseline was similar for both groups.
There was no statistically significant difference among groups in the amount of improvement more
than 2 years on the ODI or the Physical Component Summary of SF-36.

CONCLUSIONS: Patients with sagittal spinal malalignment associated with significant cervical
compensatory lordosis are at increased risk of realignment failure at 2-year follow-up. Assessment
of the degree of cervical compensation may be helpful in preop evaluation to assist in realignment
outcome prediction. © 2015 Elsevier Inc. All rights reserved.

Adult spinal deformity; Cervical deformity; Outcome; Radiographic parameter; HRQOL; Alignment

Introduction

Adult spinal deformities (ASDs) most commonly occur
in the thoracolumbar spine. As such, previous investiga-
tions have focused on this region and placed less emphasis
on alignment changes that occur at the cervicothoracic
junction and above. More recently, however, several series
have shown a high prevalence of cervical deformity (CD)
among patients being treated primarily for adult thoraco-
lumbar spinal deformity, which has been attributed to the

interconnected relationship between the various portions
of the mobile spine and their collective contribution to
global sagittal alignment [1,2].

Previous authors have documented that the cervical
spine has the capacity to compensate for changes in thora-
columbar alignment because of its flexibility [3—6]. These
observed cervical alignment adjustments were found to be
dependent on the preoperative (preop) sagittal alignment
characteristics of the thoracolumbar spine, but after surgery
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EVIDENCE
METHODS

Context
The authors sought to evaluate the relationship between

preoperative cervical spinal parameters and global align-
ment following thoracolumbar adult spinal deformity
surgery.

Contribution

This study included a total of 104 patients, with only 34
in the malaligned group. A large number of patients
(n=80) were excluded, ie, those not described as frankly
aligned or malaligned. The authors conclude that pa-
tients with sagittal spinal malalignment associated with
significant cervical compensatory lordosis are at in-
creased risk of realignment failure.

Implications
As a retrospective review, this study can only deal with

the clinical experiences of the patients treated at the au-
thors’ center. The results also hinge on a relatively small
sample of patients (n=34) who were considered mala-
ligned. The outcomes for these patients were compared
against the ‘‘best-case scenario’’ patients who were con-
sidered ‘‘aligned.”” The reader should recognize, how-
ever, that a plurality of patients (n=80) who existed
between the aligned and malaligned groups were ac-
tually excluded from this analysis. This fact may limit
the generalizability of this study’s findings and restricts
information to the ‘‘best’ and ‘‘worst’” exemplars of
surgical outcome. This could be considered a form of se-
lection, or possibly information, bias and should be ac-
knowledged by readers before they seek to apply the
findings of this work to their clinical practice.

—The Editors

with instrumentation, this inverse correlation between cer-
vical and thoracic kyphoses was not appreciated presum-
ably because of increased rigidity [1]. The presence of
preop CD has also been shown to adversely affect clinical
outcomes after surgical correction of adult thoracolumbar
spinal deformities at early follow-up [1]. No study to date
has clearly assessed the impact on clinical outcomes of
CD after thoracolumbar deformity surgery. The reason for
this negative clinical impact remains uncertain, as does
its persistence with longer follow-up. Specifically, it is un-
clear whether the baseline cervical alignment plays a role in
achieving optimal thoracolumbar alignment after surgical
treatment and what the associated clinical impact is at 2
years.

As sagittal malalignment is a major source of pain and
disability postoperatively; it is important to investigate this
problem with respect to the prevention of secondary cervi-
cal spine disorders, particularly because the severity of

symptoms has been shown to increase in a linear fashion
with progressive sagittal malalignment [6]. Therefore, if
certain radiographic parameters of the cervical spine were
identified as risk factors for sagittal malalignment after
thoracolumbar surgery, surgeons could potentially accom-
modate for this in surgical planning.

The present study attempts to assess the relationship be-
tween preop cervical spinal parameters and postoperative
(postop) global alignment. Characteristics of global align-
ment were assessed using the Scoliosis Research Society
(SRS)-Schwab Classification, which correlates radio-
graphic parameters with pain and disability in ASD [7]
and has been shown to have the capability to reliably
predict patient disability and patient preference for opera-
tive versus nonoperative treatment [7]. Therefore, this
study used the SRS-Schwab Classification to sort patients
into a malaligned group (MG) or aligned group (AG) and
to determine risk factors for postop sagittal spinal pelvic
malalignment after thoracolumbar ASD surgery at 2-year
follow-up.

Materials and methods
Study design and inclusion criteria

This is a multicenter, retrospective review of prospec-
tively acquired data for consecutive patients who under-
went surgical correction for sagittal ASD at 11 sites from
2008 to 2011. All participating sites are a part of the Inter-
national Spine Study Group. Before study initiation, institu-
tional review board approval was obtained. Inclusion
criteria were patients of 18 years and older with scoliosis
greater than or equal to 20°, sagittal vertical axis (SVA)
greater than or equal to 5 cm, pelvic tilt (PT) greater than
or equal to 25°, or TK more than 60° who received surgical
treatment for a documented spinal deformity. Included
subjects also had complete demographic, radiographic,
health-related quality-of-life (HRQOL) surveys at baseline
and 2-year follow-up, and operative data. Exclusion criteria
were patients with a lack of visibility of the cervical spine
on their X-rays.

Full-length, freestanding lateral spine radiographs (36"
cassette) at baseline and 6-week, 3-month, 1-year, and 2-
year follow-ups were analyzed using a validated software
[8,9] (Spineview; ENSAM, Laboratory of Biomechanics,
Paris, France). All radiographic measures were performed
at a central location based on the standard techniques
[10] and included coronal Cobb angles of thoracic and lum-
bar curves, TK (T4-T12, Cobb angle between superior end
plate of T4 and inferior end plate of T12), LL (Cobb angle
between superior end plate of L1 and superior end plate of
S1), SVA (C7 plumbline relative to S1), PT, and the
mismatch between pelvic incidence and lumbar lordosis
(PI-LL).

Additional cervical radiographic parameters included
cervical lordosis (CL) for C2-C7, C2-T3 angle, cervical
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SVA measured from C2 to C7, T1 slope (T1S), and the mis-
match between T1S and CL (T1S-CL). Patients were as-
sessed for CD at baseline and at 2-year follow-up based
on the following criteria: C2-C7 SVA greater than 4 cm,
C2-C7 SVA less than 4 cm, cervical kyphosis (CL greater
than 0), CL (Iess than 0), any deformity (C2—-C7 SVA great-
er than 4 cm or CL greater than 0), and both CD (C2-C7
SVA greater than 4 cm and CL greater than 0).

Based on the previously mentioned radiographic param-
eters, patients were stratified by the SRS-Schwab ASD clas-
sification [11]. The SRS-Schwab sagittal modifiers (PT,
global alignment, and PI-LL) were assessed at 2-year postop
as either normal (“‘0’’) or abnormal (“4+” or “+4-+""). Pa-
tients were assigned the AG or MG if all three sagittal modi-
fiers were normal or abnormal, respectively (Fig. 1).

Data that were collected and used for this study included
patient demographics and patient-reported health-related
quality-of-life scores such as Oswestry Disability Index
(ODI) and Short-Form 36 (SF-36) that were analyzed be-
fore and after surgery. Data were uploaded into an elec-
tronic data capture system and processed through the
International Spine Study Group data management center.

Statistical analysis

Statistical analysis was performed using Stata, version
13 (StataCorp, College Station, TX, USA). The two groups
(MG vs. AG based on SRS-Schwab sagittal parameters)
were compared with regard to patient demographics, surgi-
cal data, HRQOL, and cervical and thoracic sagittal radio-
graphic parameters (C2—-C7 SVA, C2-T3 SVA, CL, TIS,
T1S-CL, and C2-T3 angle) at baseline and 2 years and
baseline lumbopelvic radiographic parameters (LL, TK,
PT, C7-S1 SVA, and PI-LL) using ¢ and chi-square tests
as appropriate. The relationship between cervical alignment
and SRS-Schwab parameters was assessed using Pearson
correlation coefficient. The level of significance was p
value of less than .05.

Sagittal Modifiers

Pl minus LL
0 : within 10°
+ : moderate 10-20°

. ++:marked >20°

Global Alignment

0:SVA<4cm
+:SVA 4 to9.5cm

Coronal Curve Types

T: Thoracic only
with lumbar curve < 30°

L: TL/Lumbar only

with thoracic curve <30°

D: Double Curve

with T and TL/L curves > 30° _ *+:8VA>9.5cm
N: No Major Coronal Pelvic Tilt
H . °
t Deformity ‘ 0:PT<20°
\ all coronal curves <30 ° ' +: PT 20-30
/ \_ ++: PT>30°

Fig. 1. Scoliosis Research Society-Schwab classification of adult spinal
deformity. TL, thoracolumbar; LL, lumbar lordosis; PI, pelvic incidence;
SVA, sagittal vertical axis.

Results

One hundred and four patients initially met the inclusion
criteria and had completed 2-year follow-up and cervical
spine X-rays. Specifically, at the 2-year follow-up, 70 pa-
tients had normal alignment on all SRS-Schwab sagittal
modifier parameters (AG) and 34 had moderate or severe
residual deformity on all Schwab-SRS sagittal parameters
(MG). Of the original cohort, 80 patients were not included
as they did not fit in either MG or AG, according to the sag-
ittal modifier parameters.

Patient demographics and surgical data for the two
groups show that on average, patients who failed to reach
alignment on all three SRS-Schwab sagittal modifiers were
older (58.9 vs. 48.44 years, p=.0017), had a higher number
of comorbidities (Charlson Comorbidity Index, 1.79 vs.
1.07, p=.034), and a higher incidence of diabetes (11.8%
vs. 1.4%) than their counterparts who were sagittally
aligned at 2 years postoperatively. The two groups were
similar with regard to smoking status and incidence of os-
teoporosis. On average, patients in the MG had less levels
fused (8.6 vs. 10.6, p=.0131) and were less likely to have
had an osteotomy performed (32.3% vs. 70%, p=.0001).
There was no statistically significant difference between
the two groups in terms of surgical approach (two-staged
vs. posterior only) or the number of patients who underwent
three-column osteotomies (Table 1).

Table 2 shows the comparison of preop sagittal align-
ment between the two groups. Looking at cervical sagittal
parameters, patients who were classified as ‘“‘malaligned”
based on the 2-year SRS-Schwab sagittal modifiers had a
higher preop CL compared with the AG. This was true
when looking at the C2—C7 lordosis (11.66° vs. 4.89°,
p=.03) and the C2-T3 lordosis (13.59° vs. 4.93°,
p=.015). There was no statistically significant difference
between the two groups when looking at the baseline C2—
C7 SVA, C2-T3 SVA, T1S, and T1S-CL. The two groups
were similar with regard to their baseline TK. Figures 2
and 3 display aligned and malaligned patients according
to cervical and thoracolumbar radiographic parameters.

Table 1

Summary of patient population

Baseline and Surgical 2-y AG 2-y MG

Variables (n=70) (n=34) p Value

Age 48.44 58.90 .0017

Charlson Comorbidity 1.07 1.79 .034
Index Score

Diabetes 1.4% 11.8% .021

Osteoporosis 8.6% 14.7% 34

Smoker 15.9% 9.4% 384

Levels fused 10.6 8.6 .0131

Interbody 45.7% 64.7% .07

Osteotomy (all) 32.3% 70% .0001

Osteotomy (three columns) 13% 17.6% 533

Approach (two-stage vs. 42.8% 52.94% 333

posterior only)

AG, aligned group; MG, malaligned group.
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Table 2
Comparison of preop sagittal alignment between the two groups

Preop sagittal

parameters 2-y AG (n=70) 2-y MG (n=34) p Value
C2-C7 SVA 32.1%1.8 354%3.2 34
C2-T3 SVA 54.3%2.7 61.14.6 17
CL 4.89=*1.7 11.66*2.7 .03
TIS 22.3*+1.46 25.8%+2.17 .18
T1S-CL 17.36* 1.06 14.32+2.1 15
C2-T3 angle 4.93+1.94 13.59+3.0 015
LL 45.63%2.5 35.48+4.3 .0315
TK 34.95+2.28 30.3+3.55 .26
PT 15.81*1.08 3343*1.6 <.0001
C7-S1 SVA 36.7+7.2 124.9+12.5 <.0001
PI-LL 1.68+2.18 27.03*3.88 <.0001

AG, aligned group; CL, cervical lordosis; MG, malaligned group; PI-
LL, pelvic incidence and lumbar lordosis; preop, preoperative; PT, pelvic
tilt; SVA, sagittal vertical axis; TK, thoracic kyphosis; T1S, T1 slope.

When looking at preop pelvic and global sagittal param-
eters, the MG had greater baseline deformity, as indicated
by their higher PT (33.43 vs. 15.81, p<.0001), lower LL
(34.48 vs. 45.63, p=.0315), greater mismatch between
PI-LL (27.03 vs. 1.68, p<.0001), and greater C7-S1 SVA
(124.9 vs. 36.7, p<.0001).

Cervical and thoracic sagittal alignment comparison be-
tween the two groups 2 years postoperatively show that pa-
tients who did not reach alignment on the SRS-Schwab

Fig. 2. Preoperative and postoperative changes in radiographic parame-
ters, including the cervical spine, after surgical treatment. LL, lumbar lor-
dosis; PI, pelvic incidence; PT, pelvic tilt; SVA, sagittal vertical axis.

CL=13°

Ti1S=47°

TS-CL=34°

C2-C7SVA
=36mm

"
i

-4
3
"

w
~

™X=-77°

Pl-LL=18°

=39

Fig. 3. Clinical preoperative and postoperative changes in radiographic
parameters for thoracolumbar and cervical deformities. CL, cervical lordo-
sis; TPA, T1 Pelvic Angle; PI-LL, pelvic incidence and lumbar lordosis;
preop, preoperative; PT, pelvic tilt; SVA, sagittal vertical axis; TK, thora-
cic kyphosis; T1S, T1 slope.

sagittal modifiers had, on average, more postop lordosis be-
tween C2 and T3 (5.9 vs. —1.41, p=.0182) and less TK
(39.59 vs. 46.46, p=.0459) compared with their counter-
parts who were aligned. There was a trend toward higher
postop C2-C7 SVA (39.61 vs. 32.24 mm, p=.051) and
higher C2-T3 SVA (68.47 vs. 38.95 mm, p=.068) in the
MG (Table 3). The two groups were similar with regard
to their postop T1S-CL. As shown in Table 4, the change
in HRQOL outcomes between baseline and 2-year postop
for the two groups was similar, with both groups experienc-
ing an improvement on ODI (11.09 vs. 12.97, p=.6), SRS
(0.80 vs. 0.615, p=.2), and Physical Component Summary
of SF-36 (5.11 vs. 6.98, p=.45).

Table 3
Sagittal parameters for the two groups

2-y sagittal parameters 2-y AG (n=70) 2-y MG (n=34) p Value

C2-C7 SVA 32.24x1.72 39.61+3.9 .051
C2-T3 SVA 58.95+2.6 68.57£5.1 .068
CL 4.3+1.92 8.8%3.01 .196
T1S 26.7+1.49 31.5+2.44 .0821
T1S-CL 22.44+1.2 22.73+2.32 9
C2-T3 angle —241*1.9 59*3.1 .0182
TK (T2-T12) 46.46*x1.9 39.59+2.85 .0459

AG, aligned group; CL, cervical lordosis; MG, malaligned group; SVA,
sagittal vertical axis; TK, thoracic kyphosis; T1S, T1 slope.
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Table 4
Changes in HRQOL outcomes between baseline and 2-year postop for
patient population

HRQOL difference

baseline to 2 y 2-y AG (n=70) 2-y MG (n=34) p Value
ODI —11.09 —12.97 .60

SRS 0.80 0.615 2
SF-36 (PCS) 6.98 5.11 45

AG, aligned group; HRQOL, health-related quality of life; MG, mala-
ligned group; ODI, Oswestry Disability Index; postop, postoperative;
SF-36 (PCS), Physical Component Summary of Short-Form 36; SRS, Sco-
liosis Research Society.

The Pearson test shows a small, statistically significant
positive correlation between baseline CL (as measured by
both C2-C7 and C2-T3), postop PT, and C7 SVA
(Table 5). Results also show a small positive correlation
in two sets of radiographic parameters: between postop
C2-T3 lordosis and postop PT/C7 SVA and between postop
C2-C7 lordosis and C7 SVA. There was no statistically sig-
nificant correlation between baseline or postop CL and
postop PI-LL.

Discussion

Because of the complex anatomy of the cervical spine
and the unequivocal interrelationship between the cervical
and thoracolumbar spine, it is important to investigate the
compensation that occurs after thoracolumbar surgery.
Although the entire spine functions as a single unit,
depending on the preop sagittal alignment, history of cervi-
cal spine surgery involving fusion and/or instrumentation,
and the degree of thoracolumbar correction, patients com-
pensate to different extents. Furthermore, regional changes
in spinal alignment after surgery affect the alignment of the
cervical region in the early postop period [12—14]. Blondel
et al. [13] reported a reciprocal reduction of CL after
lumbar pedicle subtraction osteotomies. In this series, we
comparatively evaluated two groups, those who obtained
and did not obtained ideal SRS-Schwab alignment criteria
postoperatively, to look for the difference in the incidence
of CD, HRQOL outcome, and the correlation between cer-
vical and thoracolumbar deformities preoperatively and
postoperatively.

As ASD often involves various pathologies with a wide
range of radiographic and clinical presentations, research-
ers found importance in developing an ASD classification
system that is easy to use, categorized based on clinical im-
pact, and highly reliable [1]. The SRS-Schwab classifica-
tion system was developed using studies correlating
HRQOL and radiographic outcomes and has been shown
to have the capability to reliably predict patient disability
and patient preference for operative versus nonoperative
treatment [7]. It places high import on the role of pelvic
alignment in the maintenance of upright posture, and,
hence, the development of the concept of spinopelvic align-
ment [7]. Furthermore, the system provides a unique and
invaluable service to surgeons as a guideline for surgical
planning with its global alignment and sagittal modifiers
(PI-LL, PT, and SVA). Therefore, this study used the
SRS-Schwab sagittal modifiers to categorize patients who
underwent thoracolumbar surgery into AG and MG at 2
years after corrective surgery. In contrast with adult thora-
columbar deformity, there is a lack of a universally accep-
ted definition of CD. As such, for the purposes of our study,
we used a comprehensive group of radiographic parame-
ters, with strict values for inclusion, until these parameters
are more clearly established in the literature. This was done
for the purposes of being more inclusive of all variations of
CD while only including patients with true CD.

This series demonstrated distinct differences between
patients who obtained ideal alignment relative to those
who did not. In terms of demographics, patients in the
MG at 2 years, as determined by the SRS-Schwab classifi-
cation, were older and had a higher comorbidity burden,
representing a higher surgical risk population. Surgically,
the MG had less levels fused than patients in the AG. Addi-
tionally, the MG was more likely to undergo osteotomies
and presented with greater overall thoracolumbar deform-
ities. This is expected as osteotomies are often reserved
for patients with significant spinal deformities. However,
it is interesting to note that despite the performance of these
osteotomies, their overall alignment remained inferior at 2-
year follow-up. The same group of patients also had higher
overall baseline thoracolumbar deformities, as evidenced
by higher PT, PI-LL mismatch, and SVA, all p values of
less than .0001.

Table 5
Relationship between baseline and postop spinal parameters
2-y PT 2-y PT 2-y PI-LL 2-y PI-LL 2-y C7 SVA 2-y C7 SVA
Radiographic Variables r p Value r p Value r p Value
Baseline lordosis
C2-C7 0.2419 .0134 0.1074 22779 0.2517 .0099
C2-T3 0.2599 .0077 0.1076 2770 0.3196 .0009
2-y lordosis
C2-C7 0.1335 .1766 —0.0010 .99 0.2385 0148
C2-T3 0.2274 .0203 0.0663 .5040 0.3314 .0006

PI-LL, pelvic incidence and lumbar lordosis; postop, postoperative; PT, pelvic tilt; SVA, sagittal vertical axis.
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Not surprisingly, at 2 years postoperatively, the MG
continued to manifest statistically different thoracolumbar
deformities compared with the AG. However, their baseline
degree of cervical lordotic compensation improved to the
point where the difference in CL between AG and MG
was not statistically significant. By our definition and cate-
gorization, the MG was malaligned both before and after
their thoracolumbar surgery. However, our analysis showed
a more significant improvement in CL measurement in the
MG than the AG, most likely a result of this cohort starting
with larger baseline sagittal deformity. Despite the differ-
ence in preop and postop alignments, the HRQOL score
differences at 2 years postoperatively between the two
groups were not statistically significant. The HRQOL score
difference was measured using ODI, SRS-22, and SF-36,
which are more specific to the lumbar spine rather than
the cervical spine. Therefore, an analysis of the HRQOL
score based on the cervical spine, such as the Neck Disabil-
ity Index, could provide a more representative result on the
relative effect of lumbar surgery on cervical spine health, as
perceived by the patient. This is particularly relevant in
light of our findings of increased baseline cervical and cer-
vicothoracic lordosis.

Perhaps, the most significant finding was that patients
who were classified as ““malaligned” based on the 2-year
SRS-Schwab sagittal modifiers had higher preop cervical
and cervicothoracic lordoses compared with the AG, as
defined by C2—-C7 and C2-T3 lordosis measurements. Post-
operatively, the malaligned cohort had persistence of rela-
tively increased C2-T3 lordosis, with a trend toward
increased C2—C7 and C2-T3 SVA. These significant find-
ings persisted as being independent predictors of not reach-
ing optimal thoracolumbar alignment even after controlling
for confounders. Overall, these findings are novel and can
be interpreted as correlative evidence of a relationship be-
tween CL and greater thoracolumbar malalignment at 2
years postoperatively. To further define the relationship
between cervical compensatory lordosis and postop thora-
columbar malalignment, the present study also analyzed
for correlation between all patients, both AG and MG,
and radiographic parameters and found a small positive
correlation between baseline CL and postop PT and SVA,
between postop C2-T3 lordosis and postop PT/SVA, and
between postop C2—C7 lordosis and postop SVA. Our re-
sults are consistent with the previous studies that have dis-
cussed a ‘““chain of correlation” between various regional
alignments of the spinal column, including, CL and TK,
TK and LL, LL and PI, and PT and CL [15]. However, this
is the first series to document a significant correlation be-
tween certain baselines and persistent 2-year increased
cervicothoracic lordosis and the presence of suboptimal
thoracolumbar/pelvic alignment at 2 years after corrective
thoracolumbar ADS surgery. Further studies with larger
sample sizes are necessary to determine if cervical lordotic
compensation is a predictor of 2-year malalignment. In ad-
dition, potentially quantifying degree of cervical lordotic

compensation as hyperlordosis may be useful in similar
future studies and yet requires further investigation as there
are no universally established parameters for the definition
of the latter.

Although our data and analysis show valuable
information, our study is limited in its retrospective design;
therefore, a prospective study is warranted. Although repre-
senting a large cohort relative to most ADS series, our pa-
tient sample remains less than ideal for analyzing variables
other than our primary outcomes. Last, spinal alignment is
not independent of the entire body alignment, including hor-
izontal gaze and lower extremity posturing, and future stud-
ies are required to account for changes in these other regions.

Conclusions

The interdependence between the cervical spine and lum-
bar spine is not only compelling but also unequivocal. There-
fore, for patients undergoing either cervical or lumbar spine
surgery, it is imperative that their health-care providers are
aware of the impact of the surgery on the region of the spine
not undergoing surgery. This study identified preop cervical
degree of lordotic compensation and higher C2-T3 angle as
risk factors for sagittal malalignment after thoracolumbar
surgery. Furthermore, the presence of suboptimal thoraco-
lumbar and pelvic alignment at 2 years after corrective
thoracolumbar ADS surgery was identified. Patients who
remained malaligned at 2 years postoperatively (MG) also
had worse malalignment with higher PT, PI-LL, and SVA
despite undergoing more extensive and risky osteotomies.
With this information, surgeons could use radiographic pa-
rameters of the cervical spine, specifically C2—C7 lordosis,
the C2-T3 lordosis, and C2-T3 angle, to identify patients
who are at risk for sagittal malalignment after thoracolumbar
surgery, to educate patients, and to plan for surgery accord-
ingly, potentially obviating the consideration for osteoto-
mies. Unfortunately, this study is limited because of its
retrospective design; therefore, prospective, randomized
trials are needed to verify the results of this study.

References

[1] Ha Y, Schwab F, Lafage V, Mundis G, Shaffrey C, Smith J, et al. Re-
ciprocal changes in cervical spine alignment after corrective thoraco-
lumbar deformity surgery. Eur Spine J 2014;23:552-9.

Ilharreborde B, Vidal C, Skalli W, Mazda K. Sagittal alignment of the

cervical spine in adolescent idiopathic scoliosis treated by posterome-

dial translation. Eur Spine J 2013;22:330-7.

Lafage V, Smith JS, Bess S, Schwab FJ, Ames CP, Klineberg E, et al.

Sagittal spino-pelvic alignment failures following three column

thoracic osteotomy for adult spinal deformity. Eur Spine J 2012;21:

698-704.

[4] Klineberg E, Schwab F, Ames C, Hostin R, Bess S, Smith JS, et al.
Acute reciprocal changes distant from the site of spinal osteotomies
affect global postoperative alignment. Adv Orthop 2011;2011:
415946.

[5] Lafage V, Schwab F, Vira S, Patel A, Ungar B, Farcy J-P. Spino-pel-
vic parameters after surgery can be predicted: a preliminary formula
and validation of standing alignment. Spine 2011;36:1037-45.

2

—

[3

[t}

Downloaded for Anonymous User (n/a) at Duke University from ClinicalKey.com by Elsevier on July 20, 2023.
For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



(6]

(71

(8]

[9]

[10]

P.G. Passias et al. / The Spine Journal 15 (2015) 1756-1763

Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S, Schwab F.
The impact of positive sagittal balance in adult spinal deformity.
Spine 2005;30:2024-9.

Bess S. Classifications for adult spinal deformity and use of the Sco-
liosis Research Society-Schwab Adult Spinal Deformity Classifica-
tion. Neurosurg Clin N Am 2013;24:185-93.

Champain S, Benchikh K, Nogier A, Mazel C, Guise JD, Skalli W.
Validation of new clinical quantitative analysis software applicable
in spine orthopaedic studies. Eur Spine J 2006;15:982-91.
Rillardon L, Levassor N, Guigui P, Wodecki P, Cardinne L,
Templier A, et al. Validation of a tool to measure pelvic and spinal
parameters of sagittal balance. Rev Chir Orthop Reparatrice Appar
Mot 2003;89:218-27. (in French).

O’Brien MF, Kuklo TR, Blanke K, Lenke L, eds. Spinal deformity
study group radiographic measurement manual. Memphis, TN: Med-
tronic Sofamor Danek, 2005.

(1]

[12]

[13]

[14]

[15]

1763

Schwab F, Ungar B, Blondel B, Buchowski J, Coe J, Deinlein D,
et al. Scoliosis Research Society-Schwab adult spinal deformity clas-
sification: a validation study. Spine 2012;37:1077-82.

Smith JS, Shaffrey CI, Lafage V, Blondel B, Schwab F, Hostin R,
et al. Spontaneous improvement of cervical alignment after correc-
tion of global sagittal balance following pedicle subtraction osteoto-
my: clinical article. J Neurosurg Spine 2012;17:300-7.

Blondel B, Schwab F, Bess S, Ames C, Mummaneni PV, Hart R, et al.
Posterior global malalignment after osteotomy for sagittal plane de-
formity: it happens and here is why. Spine 2013;38:E394-401.
Passias PG, Wang S, Zhao D, Wang S, Kozanek M, Wang C. The re-
versibility of swan neck deformity in chronic atlantoaxial disloca-
tions. Spine 2013;38:E379-85.

Scheer JK, Tang JA, Smith JS, Acosta FL, Protopsaltis TS,
Blondel B, et al. Cervical spine alignment, sagittal deformity, and
clinical implications: a review. J Neurosurg Spine 2013;19:141-59.

Downloaded for Anonymous User (n/a) at Duke University from ClinicalKey.com by Elsevier on July 20, 2023.
For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



