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improvement in adult thoracolumbar deformity patients
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OBJECT Regional cervical sagittal alignment (C2-7 sagittal vertical axis [SVA]) has been shown to correlate with
health-related quality of life (HRQOL). The study objective was to examine the relationship between cervical and tho-
racolumbar alignment parameters with HRQOL among patients with operative and nonoperative adult thoracolumbar
deformity.

METHODS This is a multicenter prospective data collection of consecutive patients with adult thoracolumbar spinal
deformity. Clinical measures of disability included the Oswestry Disability Index (ODI), Scoliosis Research Society-22
Patient Questionnaire (SRS-22), and 36-Item Short-Form Health Survey (SF-36). Cervical radiographic parameters were
correlated with global sagittal parameters within the nonoperative and operative cohorts. A partial correlation analysis
was performed controlling for C-7 SVA. The operative group was subanalyzed by the magnitude of global deformity (C-7
SVA=5cmvs<5cm).

RESULTS A total of 318 patients were included (186 operative and 132 nonoperative). The mean age was 55.4 = 14.9
years. Operative patients had significantly worse baseline HRQOL and significantly larger C-7 SVA, pelvic tilt (PT), mis-
match between pelvic incidence and lumbar lordosis (PI-LL), and C2-7 SVA. The operative patients with baseline C-7

ABBREVIATIONS BMI = body mass index; CCI = Charlson Comorbidity Index; CL = C2-7 lordosis; HRQOL = health-related quality of life; ISSG = International Spine
Study Group; LL = lumbar lordosis; MCS = Mental Component Summary; NDI = Neck Disability Index; NRS = numeric rating scale; ODI = Oswestry Disability Index; PCS

= Physical Component Summary; PI-LL = mismatch between pelvic incidence and LL; PT = pelvic tilt; SF-36 = 36-ltem Short-Form Health Survey; SRS-22 = Scoliosis
Research Society-22 Patient Questionnaire; SVA = sagittal vertical axis; TK = T2-12 kyphosis; T1S = T-1 slope; T1S-CL = T1S minus CL.
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SVA = 5 cm had significantly larger C2-7 lordosis (CL), C2-7 SVA, C-7 SVA, PI-LL, and PT than patients with a normal
C-7 SVA. For all patients, baseline C2-7 SVA and CL significantly correlated with baseline ODI, Physical Component
Summary (PCS), SRS Activity domain, and SRS Appearance domain. Baseline C2—7 SVA also correlated with SRS Pain
and SRS Total. For the operative patients with baseline C-7 SVA = 5 cm, the 2-year C2-7 SVA significantly correlated
with 2-year Mental Component Summary, SRS Mental, SRS Satisfaction, and decreases in ODI. Decreases in C2-7
SVA at 2 years significantly correlated with lower ODI at 2 years. Using partial correlations while controlling for C-7 SVA,
the C2-7 SVA correlated significantly with baseline ODI (r = 0.211, p = 0.002), PCS (r = -0.178, p = 0.009), and SRS
Activity (r = -0.145, p = 0.034) for the entire cohort. In the subset of operative patients with larger thoracolumbar deformi-
ties, the change in C2-7 SVA correlated with change in ODI (r = —0.311, p = 0.03).

CONCLUSIONS Changes in cervical lordosis correlate to HRQOL improvements in thoracolumbar deformity patients at
2-year follow-up. Regional cervical sagittal parameters such as CL and C2-7 SVA are correlated with clinical measures
of regional disability and health status in patients with adult thoracolumbar scoliosis. This effect may be direct or a recip-
rocal effect of the underlying global deformities on regional cervical alignment. However, the partial correlation analysis,
controlling for the magnitude of the thoracolumbar deformity, suggests that there is a direct effect of cervical alignment
on health measures. Improvements in regional cervical alignment postoperatively correlated positively with improved

HRQOL.

http://thejns.org/doi/abs/10.3171/2014.11.SPINE1441
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sively in the literature with a majority of publi-
cations focusing on thoracolumbar deformity and
its effect on health-related quality of life (HRQOL) mea-
sures.! 367 I0ILIBILIONT Among patients with thoracolumbar
deformities, positive sagittal alignment has been associat-
ed with pain and disability.>7 11316 Few studies have corre-
lated validated health measures and positive cervical sag-
ittal alignment.'®!7 Tang et al.' demonstrated that a C2-7
sagittal vertical axis (SVA) greater than 4 cm correlated
with increased disability in patients following posterior
cervical fusion procedures. Smith and colleagues dem-
onstrated that thoracolumbar sagittal deformities cause a
compensatory reciprocal cervical hyperlordosis to main-
tain horizontal gaze." This reciprocal change was shown
to reverse with postoperative deformity correction.'s
However, the effect of cervical sagittal alignment on
HRQOL in patients with thoracolumbar sagittal deformi-
ties has not been investigated extensively. In the present
study we hypothesize that cervical sagittal malalignment
will negatively impact health measures in patients with
thoracolumbar deformities and improvement in cervical
sagittal alignment after thoracolumbar deformity correc-
tion will have a corresponding improvement in HRQOL.

ﬁ puLr spinal deformity has been studied exten-

Methods

Patient Population

This is a multicenter prospective data collection of con-
secutive patients with adult thoracolumbar spinal deformi-
ty conducted through the International Spine Study Group
(ISSG), which is composed of 11 sites across the United
States. Patients were enrolled at each site through an in-
stitutional review board—approved protocol. Inclusion cri-
teria for the ISSG database are age older than 18 years
and presence of at least one of the following measures of
spinal deformity: scoliosis Cobb angle = 20°, SVA = 5 cm,
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pelvic tilt (PT) = 25°, and thoracic kyphosis (TK) = 60°.
Patients were divided into nonoperative and operative co-
horts. The operative group was subanalyzed by the mag-
nitude of global deformity (SVA = 5 cm vs SVA <5 cm).

Data Collection and Radiographic Assessment

Demographic, clinical, radiographic, and HRQOL data
collection was performed at baseline and at the 2-year
follow-up. The demographic and clinical data included
patient age, sex, body mass index (BMI), and Charlson
Comorbidity Index (CCI).> A basic numeric rating scale
(NRS) score ranging from 0 (no pain) to 10 (most unbear-
able pain) was collected for back and leg pain.

Standardized HRQOL measures included the Oswes-
try Disability Index (ODI), 36-Item Short-Form Health
Survey (SF-36), and Scoliosis Research Society-22 Patient
Questionnaire (SRS-22). Two standard summary scores
were calculated based on the SF-36: the Physical Compo-
nent Summary (PCS) and the Mental Component Sum-
mary (MCS) scores. The SRS-22 provides a total score
and multiple subdomains, including Activity, Pain, Ap-
pearance, Mental, and Satisfaction.

Full-length 36-in free-standing anteroposterior and
lateral spine radiographs were obtained at baseline and
1- and 2-year follow-up. Radiographic analysis was per-
formed at 1 site (New York University) with extensive ex-
perience using validated software (Spineview, ENSAM).*
Cervical radiographic measures included C2-7 SVA (C-2
plumb line relative to C-7), C2-7 lordosis (CL), T-1 slope,
and T-1 slope minus CL (T1S-CL). Thoracolumbar radio-
graphic measures included T2-12 kyphosis (TK, Cobb
angle between superior endplate of T-2 and inferior end-
plate of T-12), lumbar lordosis (LL, Cobb angle between
inferior endplate of L-1 and superior endplate of S-1), C-7
SVA (C-7 plumb line relative to S-1), PT, and mismatch
between pelvic incidence and lumbar lordosis (PI-LL).



Data and Statistical Analysis

Mean and standard deviation were used to describe
continuous variables, and frequency analyses were used
for categorical variables. Demographic, clinical, radio-
graphic, and HRQOL measures were compared at base-
line and 2-year follow-up using the paired t-test, unpaired
t-test, and Wilcoxon rank-sum test where appropriate.
Patients were divided into nonoperative and operative
cohorts. The operative group was subanalyzed by the
magnitude of global deformity (SVA = 5 cm vs SVA <
5 cm). A multivariate regression analysis controlling for
thoracolumbar deformity (C-7 SVA) was performed to
identify the cervical parameters that are predictors of poor
HRQOL. Partial correlations were performed controlling
for the SRS Schwab thoracolumbar deformity modifiers.
The level of significance for all statistical tests was set at
p <0.05.

Results

Patient Populations, Demographics, and Comparison of
Baseline Values

A total of 318 patients were included (186 operative
and 132 nonoperative; Table 1). The overall mean age was
55.4 = 14.9 years. The operative patients had a higher BMI
and CCI than the nonoperative patients (p < 0.05 for both;
Table 1). Furthermore, within the operative patients, the
patients with larger C-7 SVA (= 5 cm) were significant-
ly older and had higher BMI and CCI than the patients
with normal C-7 SVA (< 5 cm) (p < 0.05 for all; Table
1). The operative patients had significantly worse baseline
HRQOL in all parameters measured than the nonopera-
tive patients (p < 0.05 for all; Table 2). Similarly within
the operative patients, the patients with larger baseline
C-7 SVA had significantly worse baseline HRQOL in all
parameters measured than the patients with normal base-
line C-7 SVA (p < 0.05; Table 2) with the exception of the
SRS Satisfaction domain. Baseline LL for the nonopera-
tive patients was significantly larger than for the operative
patients (p < 0.05; Table 3). C-7 SVA, PT, PI-LL, and C2-7
SVA were significantly higher in the operative patients
compared with the nonoperative patients (p < 0.05 for all;
Table 3). There were no significant differences between
the operative and nonoperative groups regarding baseline
CL and T1S-CL (p > 0.05 for all). The operative patients
with baseline C-7 SVA = 5 cm had significantly greater
T1S, CL, C-7 SVA, PI-LL, C2-7 SVA, and PT and sig-

How the neck affects the back

nificantly smaller LL than the patients with a normal C-7
SVA (p < 0.05 for all; Table 3).

Multivariate Regression Analysis

At baseline, a multivariate regression analysis control-
ling for thoracolumbar deformity (C-7 SVA) demonstrated
that C2—-7 SVA (p < 0.001) and T1S-CL (p = 0.02) were
independent predictors of disability as measured by ODI.
The regression analysis produced an r value of 0.470, with
a p value of 0.002.

Correlations of Cervical Radiographic Parameters and
HRQOL

For all patients, both baseline C2—7 SVA and baseline
CL significantly correlated with baseline ODI, PCS, SRS
Activity, and SRS Appearance (p < 0.05 for all; Table 4).
Baseline C2-7 SVA also correlated with SRS Pain and
SRS Total (p < 0.05 for all; Table 4). For the operative
patients, 2-year C2—7 SVA and CL significantly correlated
with 2-year PCS and SRS Activity, respectively (p < 0.05
for both; Table 5). Two-year T1S significantly correlated
with 2-year ODI, PCS, SRS Activity, SRS Appearance,
and SRS Total (p < 0.05 for all; Table 5).

Using partial correlations on the entire patient cohort
at baseline while controlling for C-7 SVA, the C2-7 SVA
correlated significantly with baseline ODI (r = 0.211, p =
0.002), PCS (r =-0.178, p = 0.009), and SRS Activity (r =
-0.145,p = 0.034).

Correlations for Operative Patients With Baseline C-7 SVA
=5cm

The baseline C2—7 SVA significantly correlated with
baseline T1S-CL, T1S, TK, and CL (p < 0.05 for all; Table
6). Baseline CL significantly correlated with baseline TK
and baseline T1S (p < 0.05 for both; Table 6). Changes
from baseline to 2 years for C2-7 SVA correlated with
change in T1S-CL and T1S (p < 0.05 for both; Table 6).
Change in CL correlated with change in T1S and T1S-CL
(p < 0.05 for both; Table 6). Two-year C2—7 SVA signifi-
cantly correlated with 2-year MCS, SRS Mental, SRS Sat-
isfaction, and decreases in ODI (p < 0.05 for all; Table 7).
Decreases in C2—7 SVA at 2 years significantly correlated
with lower ODI at 2 years (p < 0.05 for all; Table 7).

Using partial correlations while controlling for change
in C-7 SVA in patients with larger thoracolumbar defor-
mities (baseline C-7 SVA = 5 cm), the change in C2-7

TABLE 1. Baseline demographics by treatment modality and by baseline C-7 SVA*

Comparison by Treatment Modality

Comparison by Baseline C-7 SVA (operative patients only)

Variable Operative Nonoperative p Value C-7SVA=5¢cm C-7SVA<5cm p Value
No. of patients 186 132 88 98
Female/male 160:26 114:18 68:20 92:6
Meanageinyrs 559+ 14.8 546+15 NS 63.8+11.7 49.5+16.2 <0.0001
Mean BMI 276+6.8 257+6.2 <0.0001 29.2+6.5 258+6.4 <0.0001
Mean CCl 1.5+16 11+£14 0.0002 1.9+18 11+£14 0.0001

NS = not significant.
* Mean values are presented as the mean + SD.
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TABLE 2. Baseline HRQOL values by treatment modality and by baseline C-7 SVA*

Comparison by Treatment Modality

Comparison by Baseline C-7 SVA (operative patients only)

Variable Operative Nonoperative ~ p Value C-7SVA=5cm C-7SVA<5cm p Value
Back pain NRS 71423 46+26 <0.0001 76+2.0 6.5+25 <0.0001
Leg pain NRS 43+33 26+3 <0.0001 48+32 39+35 <0.0001
oDl 41.3+18.9 241 +16.1 <0.0001 471 +16.2 36.1+19.8 <0.0001
PCS 328+97 42.8 +10.1 <0.0001 28.8+8.7 36.5+9.1 <0.0001
MCS 46.1 £ 131 50.8 + 11 0.0017 446 £13.3 474 +12.8 0.0031
SRS Activity 3.0+09 39+0.8 <0.0001 27+08 3.3+09 <0.0001
SRS Pain 25+0.8 3.3+09 <0.0001 23+07 28+09 <0.0001
SRS Appearance 25+0.8 33+07 <0.0001 23+0.8 2707 <0.0001
SRS Mental 35+0.9 39+0.8 0.0002 3410 36+0.8 0.0011
SRS Satisfaction 2710 3.3+141 <0.0001 26+10 29+10 >0.05
SRS Total 29+07 3606 <0.0001 2706 31+£06 <0.0001

* Mean values are presented as the mean + SD.

SVA correlated significantly with the change in ODI (r =
-0.311,p=0.03).

Discussion

It has been well established that patients with thora-
columbar deformity and positive sagittal alignment have
increased pain and disability.>™1%!:3 Few studies exist
to correlate cervical sagittal alignment with validated
HRQOL.*!"" Tang and colleagues demonstrated that
among 113 patients undergoing posterior cervical fusion
procedures, positive cervical sagittal alignment had a det-
rimental effect on validated health measures including the
SF-36 and Neck Disability Index (NDI).'® Villavicencio et
al. conducted a prospective randomized controlled trial of
lordotic and parallel interbody grafts for anterior cervical
discectomy and fusion in 122 patients to assess the effect
of cervical sagittal alignment on HRQOL."” They showed
that patients whose cervical sagittal alignment was main-
tained or improved had significantly greater improvement
in SF-36 and NDI outcomes."”

While changes in reciprocal regional spinal alignment
have been demonstrated after thoracolumbar deformity
correction, the effect of these changes on HRQOL has not
been well established.”” Lafage et al.? demonstrated that a
reciprocal increase in thoracic kyphosis occurs after lum-
bar pedicle subtraction osteotomy, whereas Klineberg et
al.® demonstrated that thoracic osteotomies for correction
of kyphosis resulted in a reciprocal decrease in lumbar

lordosis. Smith and colleagues studied 75 patients with
thoracolumbar deformity and positive sagittal alignment
and showed that reciprocal cervical hyperlodosis results
in an effort to maintain horizontal gaze." This reciprocal
cervical hyperlordosis corrects after pedicle subtraction
osteotomy and corrections of the underlying thoracolum-
bar malaligment.!”

This study demonstrates that baseline cervical sagit-
tal malalignment has a detrimental effect on validated
health measures. Regional cervical sagittal parameters,
such as cervical lordosis and C2-7 SVA, were correlat-
ed with clinical measures of disability and health status
in patients with adult thoracolumbar scoliosis. Patients
with greater global deformities (SVA = 5 cm) had larger
baseline cervical lordosis, T1S, and C2-7 SVA and lower
HRQOL than those with SVA < 5 cm. Moreover, follow-
ing deformity correction, improvements in regional cer-
vical alignment resulted in improvements in HRQOL. A
decrease in C2—7 SVA correlated with HRQOL at 2 years
in patients with SVA = 5 cm. For this group, the 2-year
C2-7 SVA correlated with 2-year MCS, SRS Mental, and
SRS Satisfaction. Improvements in the C2—7 SVA corre-
lated with improvements in ODI at 2 years. It is difficult to
determine if the improvements in HRQOL were a result of
the reciprocal cervical alignment correction or the global
deformity realignment. However, it is our experience that
patients will often have dual complaints of low-back pain
and neck pain, with both complaints improving follow-
ing global spinal deformity correction. Nevertheless, even

TABLE 3. Baseline radiographic parameters by treatment modality and by baseline C-7 SVA*

Comparison by Treatment Modality Comparison by Baseline C-7 SVA

Variable Operative Nonoperative p Value C-7SVA=25cm C-7SVA<5cm p Value
C2-7 lordosis 81+15.3 56+£13.2 >0.05 13.5+£14.5 3.5+146 <0.001
C2-7 SVA (cm) 3617 29+16 0.0035 40+18 32+16 0.0003
LL 371 +231 472 +178 <0.0001 26 £22.5 470+18.8 <0.001
PT 238+ 114 20.3+£9.9 0.0035 2.7+115 185+84 <0.001
C-7 SVA (cm) 5677 26+53 0.0018 123+5.9 -01+3.1 <0.001
PI-LL 142+215 6.2+ 16.1 0.0010 27%20 02+15 <0.001

* Mean values are presented as the mean + SD.
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TABLE 4. Baseline correlations for all patients (n = 318) regarding
C2-7 SVA and CL with HRQOL

How the neck affects the back

TABLE 6. Baseline and 2-year radiographic correlations for
operative patients with global sagittal malalignment (C-7 SVA 2

Baseline Alignment

Baseline Outcome

5cm)

Measurement Measure r Value p Value Alignment Measure Correlations rValue p Value
C2-7 SVA ODI 0.26 <0.0001 Baseline C2-7 SVA Baseline T1S-CL 0.51  <0.0001
C2-7 SVA PCS -0.26 <0.0001 Baseline C2-7 SVA Baseline T1S 0.51  <0.0001
C2-7 SVA SRS Activity -0.19 0.0038 Baseline C2-7 SVA Baseline TK -0.32 0.0071
C2-7 SVA SRS Pain -0.18 0.0061 Baseline C2-7 SVA Baseline CL 0.31 0.0104
C2-7 SVA SRS Appearance -0.18 <0.0001 Baseline C2-7 SVA Baseline PI-LL 0.54  <0.0001
C2-7 SVA SRS Total -0.17 <0.0001 Baseline CL Baseline TK -0.38  <0.0001
CL oDl 017 0.0097 Baseline CL Baseline T1S 0.68 0.0011
CL PCS -0.18 0.0072 2-yr C2-7 SVA change  2-yr T1S change 0.44 0.0003
CL SRS Activity -013 0.0439 2-yr C2-7 SVA change  2-yr T1S-CL change 0.52  <0.0001
CL SRS Appearance -0.15 0.0120 2-yr CL change 2-yr T1S change 0.47 0.0001

2-yr CL change 2-yr T1S-CL change 0.66  <0.0001

when controlling for the magnitude of the thoracolumbar
deformity, the multivariate regression analysis showed that
the C2-7 SVA parameter plays a role in HRQOL. More-
over, the partial correlation analysis controlling for C-7
SVA showed that in the operative cohort with the larger
thoracolumbar deformities, the C2—7 SVA correlated with
many of the HRQOL measures. These analyses suggest
that the C2—7 parameter in particular affects health status
and disability even in the setting of population with pri-
mary thoracolumbar deformity.

While general health status measures such as the SF-36
were employed, and disease-specific questionnaires such
as the SRS-22 and the low-back pain—specific ODI were
used, a primary limitation of the study is that a neck pain—
specific questionnaire such as the NDI was not employed.
However, it is important to note that a questionnaire spe-
cific to cervical sagittal deformity does not exist. In an
investigation correlating ODI and NDI scores in patients
presenting with primary cervical, primary lumbar, and
combined complaints, the ODI scores were elevated in
patients with primary complaints related to the cervical
spine.!> The converse was true for patients with primary
lumbar complaints. It was postulated that this effect re-
sults from the fact that the NDI was developed as a modi-
fication of the ODI with many of the questions repeated in
the 2 questionnaires. Therefore, while the use of the NDI
would have strengthened the aims of this study, the gen-
eral health status measures and the ODI are useful instru-
ments in assessing disability related to cervical malalign-
ment. Another limitation of this study is the retrospective
design, although the analyses were based on prospectively
collected data. The strengths of the study include the con-
tribution of cases from multiple spinal deformity centers
and the use of multiple standardized measures of HRQOL
with 2-year follow-up.

TABLE 5. Correlations of C2-7 SVA and CL with HRQOL for
operative patients at 2 years

2-Yr Measurement  2-Yr Outcome Measure  rValue  p Value
C2-7 SVA PCS -0.17 0.0267
CL SRS Activity -0.18 0.0173
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Change = difference between the listed postoperative time point and the
preoperative value.

TABLE 7. Correlations of operative patients with global sagittal
malalignment (C-7 SVA 2 5 cm) for 2-year C2-7 SVA and HRQOL

Alignment Measure Outcome Measure  rValue p Value
2-yr C2-7 SVA 2-yr MCS 0.24  0.0350
2-yr C2-7 SVA 2-yr SRS Mental 0.29  0.0100
2-yr C2-7 SVA 2-yr SRS Satisfaction 0.23  0.0408
2-yr C2-7 SVA 2-yr ODI change -0.22  0.0456
2-yr C2-7 SVA change  2-yr ODI -0.31  0.0123
2-yr C2-7 SVA change  2-yr ODI change -0.30  0.0179

Change = difference between the listed postoperative time point and the
preoperative value.

Conclusions

This study demonstrates that following thoracolum-
bar deformity correction, there is a direct, albeit smaller,
beneficial effect on health measures of improved cervical
sagittal alignment and reduced cervical hyperlordosis for
maintenance horizontal gaze.
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