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ABSTRACT

Objective: To assess whether surgical cervical deformity (CD) patients meet spinopelvic age-adjusted alignment targets,
reciprocal, and lower limb compensation changes.

Study Design: Retrospective review.

Methods: CD was defined as C2-C7 lordosis >10°, cervical sagittal vertical angle (cSVA) >4 cm, or T1 slope minus cervical
lordosis (TS-CL) >20°. Inclusion criteria were age >18 years and undergoing surgical correction with complete baseline and postoperative
imaging. Published formulas were used to create age-adjusted alignment target for pelvic tilt (PT), pelvic incidence and lumbar lordosis
(PI-LL), sagittal vertical angle (SVA), and lumbar lordosis and thoracic kyphosis (LL-TK). Actual alignment was compared with age-
adjusted ideal values. Patients who matched +10-year thresholds for age-adjusted targets were compared with unmatched cases (under-
or overcorrected).

Results: A total of 120 CD patients were included (mean age, 55.1 years; 48.4% women; body mass index, 28.8 kg/m?). For
PT, only 24.4% of patients matched age-adjusted alignment, 51.1% overcorrected for PT, and 24.4% undercorrected. For PI-LL, only
27.6% of CD patients matched age-adjusted targets, with 49.4% overcorrected and 23% undercorrected postoperatively. Forty percent
of patients matched age-adjusted target for SVA, 41.3% overcorrected, and 18.8% undercorrected. CD patients who had worsened in
TS-CL or cSVA postoperatively displayed increased TK (—41.1° to —45.3°, P = 1.06). With lower extremity compensation, CD patients
decreased in ankle flexion angle postoperatively (6.1°-5.5°, P = 0.036) and trended toward smaller sacrofemoral angle (199.6-195.6
mm, P =0.286) and knee flexion (2.6° to —1.1°, P = 0.269).

Conclusions: Inresponse to worsening CD postoperatively, patients increased in TK and recruited less lower limb compensation.
Almost 75% of CD patients did not meet previously established spinopelvic alignment goals, of whom a subset of patients were actually
made worse off in these parameters following surgery. This finding raises the question of whether we should be looking at the entire
spine when treating CD.

Level of Evidence: 3.

Cervical Spine

Keywords: cervical deformity, age-adjusted alignment, CD

INTRODUCTION Reciprocal changes in the cervical spine, pelvis, and
lower extremity after thoracolumbar fusion have been well
investigated in the literature and have been shown to cor-
relate with quality-of-life outcomes.*™'® Furthermore, it is
becoming evident that changes in lower limb alignment are

Deformity of the cervical spine is debilitating and sig-
nificantly affects quality of life by increasing the energy
required to sustain upright position and limiting the ability
to maintain horizontal gaze. Correction of cervical defor-  ;qqitional compensatory mechanisms in adult spinal defor-
mity (CD) can lead to improved postoperative results and mity."!
patient-reported outcomes.' There has been a recent push Despite this, there is a paucity in the literature describ-
in spine surgery to establish and follow a patient-specific  jng the global dynamic changes that occur after correction
approach to deformity. Lafage et al, developed age-adjusted  of CD. Understanding the reciprocal changes in the thora-
alignment ideals for the lumbar spine and pelvis and  columbar spine, pelvis, and lower limbs is important, as it
demonstrated that meeting those alignment targets resulted  enables a more refined surgical approach, has the potential
in a lower rate junction failure after long thoracolumbar  to minimize fusion levels, and may improve long-term
fusions.>? outcomes. Mizutani et al found that correction of CD can
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restore both local alignment as well as global sagittal align-
ment; however, the authors did not relate these alignment
findings to age-appropriate ideals.' This study aims to
quantify the reciprocal changes that occur in the thoraco-
lumbar spine, pelvis, and lower extremities after fusion for
CD with comparison made to the age-adjusted ideal values
defined by Lafage et al.

METHODS
Data Source

This was a retrospective review of nonconsecutive
patients visiting a single academic center for spine concern-
ing complaints from November 2013 to May 2017. Institu-
tional Review Board approval was obtained prior to study
initiation. Patient consent was not necessary to obtain due
to the deidentified nature of the retrospective study design.

Data Collection

Demographic data collected included age, body mass
index, and gender. Each patient underwent biplanar full-
body stereographic imaging (EOS imaging, Paris, France).

Biplanar Radiographic System and Evaluation

The standardized protocol for imaging with the EOS
system involves patients in a weight-bearing, free-standing
position, arms flexed at 45° with finger placed upon the
clavicles to avoid superimposition of the spine and to main-
tain the patient’s center of gravity."> Anteroposterior and
lateral images are simultaneously acquired while translat-
ing the system vertically."* To compute the images, Surgi-
map (Nemaris Inc., New York, NY, USA) was utilized at
a single center. Cervical alignment was quantified by the
cervical sagittal vertical angle (cSVA: angle between the
C2 plumb line and the posterior superior end plate of C7),
C2-C7 lordosis (cervical lordosis [CL]: angle between the
inferior end plate of C2 and the inferior end plate of C7),
and the T1 slope minus CL (TS-CL: angle between the
superior end plate of T1 and the horizontal).

Sagittal spinopelvic parameters were quantified by the
sagittal vertical angle (SVA: horizontal distance between
plumb line extended from C7 vertebral body and postero-
superior S1 vertebral corner), the mismatch between pelvic
incidence and lumbar lordosis (PI-LL), pelvic tilt (PT: angle
between vertical and line from the center of the bicoxofem-
oral axis to the midpoint of S1 end plate), and the mismatch
between lumbar lordosis and thoracic kyphosis (LL-TK).
LL-TK has been shown to be a good predictor for sagittal
balance, especially when combined with PI-LL." Radio-
graphic parameters of sagittal spine-pelvis-leg alignment

included sacrofemoral angle (SFA; the angle between the
line along the S1 end plate and the line along the axis of the
femur), kyphotic angle (KA), ankle angle (AA), pelvic shift
(PS), and global spinal alignment (GSA) (Figure 1).16

Study Inclusion Criteria

Patients included in the present analysis were adults (>18
years) with a diagnosis of CD with the radiographic criteria
of C2-C7 lordosis >10°, cSVA >4 cm, or TS-CL >20°. All
patients had complete baseline and postoperative biplanar
full-body stereoradiographic imaging (EOS imaging, Paris,
France).

Age-Alignment Grouping

Patients included in the present study were stratified into
3 age cohorts, which were established based on prior publi-
cations analyzing spinal deformity and full-body alignment:
young (younger than 40 years), middle (40-65 years),
elderly (65 years or older). Age-specific alignment goals for
sagittal correction were set for patients in each age group
for SVA, PT, PI-LL, and LL-TK according to previously
published formulas®

SVA =2+ (Age —55)+25 PT =423 g

Pl LL= % 13 p - TK = B 45

By comparing the actual postoperative alignment
(ACTUAL) to the age-adjusted values (IDEAL) generated
from the above (established by Lafage et al), correction
groups were established: matched (MATCH), undercor-
rected (UNDER), and overcorrected (OVER). Matched
patients’ actual postoperative alignment reached a +10-year
interval of age-adjusted values compared with unmatched
cases (UNDER and OVER), through the utilization of the
above equations. Differences were compared for lower
extremity compensatory mechanisms (SFA, KA, AA, PS,
and GSA) in patients of each age group (<40, 40-65, >65
years), as well as preoperative to postoperative (1 year)
change in lower extremity compensatory mechanisms for
the overall cohort, worsened CD (categorized by an increase
in TS-CL and ¢cSVA), and improved CD (with decrease in
TS-CL and cSVA).

Statistical Analysis

All statistical analyses were performed using SPSS
software (version 21.0, Armonk, NY, USA), and statisti-
cal significance was set at P < 0.05. Descriptive statistics
were used to describe categorical and continuous variables.
Paired ¢ tests compared changes in alignment among the
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Figure. Schematic of the measured sagittal alignment parameters for the cervical and global spinopelvic spinal regions. cSVA, cervical sagittal vertical axis; CL,
cervical lordosis; CBVA, chin-brow vertical angle; TK, thoracic kyphosis; LL, lumbar lordosis; SVA, sagittal vertical axis; PT, pelvic tilt; P, pelvic incidence.

correction groups from preoperative to 1 year postopera-
tive. Crosstabulations compared changes in radiographic
parameters of spinopelvic alignment (SVA, PT, PI-LL, and
LL-TK) as well as lower extremity compensation.

RESULTS

Overall Cohort Characteristics

A total of 120 patients who underwent elective surgi-
cal correction of CD with full-body EOS imaging were
included in this study. The average age was 55.1 (SD =
12.2) years, 48.4% of patients were women, and the
average body mass index was 28.8 (SD * 5.3) kg/m’. By
surgical approach, 38% had anterior-only surgery, 46% had
posterior-only, and 16% had a combined approach. The
median upper instrumented vertebrae of the cohort was C4,
with the median lower instrumented vertebrae being at C7.
The highest upper instrumented vertebrae within the cohort
was Cl, and the lowest lower instrumented vertebrae was
L3. The low age group (<40 years) comprised 7.7% of
patients, the middle age group (40-65 years) included 69%,
and the older group (=65 years) had 23%. All preoperative

spinopelvic parameters increased significantly across all
age groups (P < 0.050), while lower limb alignment param-
eters did not (P > 0.050) (Table 1).

Radiographic Alignment

Baseline and postoperative imaging at 1 year for sagittal
spinopelvic and cervical alignment were compared in the
entirety of the cohort. PI-LL (=3.1° to —1.1°, P = 0.034),
C2-C7 (3°-7.7°, P=0.024), and C2-T3 SVA (51.4-55.9, P
= 0.026) all significantly increased postoperatively. Align-
ment parameters including PT, T4-T12, T1SS (T1 sacral
slope), TS-CL, cSVA, C2-T3, C2SS (C2 sacral slope), and
SVA were similar across baseline and postoperative values
(Table 2).

ACTUAL vs IDEAL Radiographic Analysis

Comparison of ACTUAL 1 year postoperative and age-
adjusted IDEAL alignment for each age cohort (Table 3)
revealed that the youngest group of patients (<40 years)
displayed significantly lower PT and higher LL-TK com-
pared with their IDEAL measurements (P < 0.05). In the
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Table 1. Alignment values measured preoperatively for spinopelvic and lower extremity alignment parameters across increasing patient age groups.

Age Group
Actual Postoperative Alignment <40y 40-65 y >65y P
Spinopelvic
Sagittal vertical axis (mm) -14+15.6 -1.2+483 16.8 £46.8 0.050
Pelvic tilt (°) 7.8+4.8 15.7+9.1 243+95 <0.001
Pelvic Incidence minus lumbar lordosis (°) -9.2+9.8 -35+119 57+14.2 0.002
Lumbar lordosis and thoracic kyphosis (°) 22.1+14.5 154 +134 -1+22 <0.001
Lower extremity
Sacrofemoral angle (°) 205.5+12.7 199.3£9.4 1983114 0.312
Knee angle (°) 0.06 +4.2 37+6.2 1.3+£5.7 0.743
Ankle angle (°) 45%23 6.6 3.1 5529 0.858
Pelvic shift (mm) 20+23.5 21.6 £30.3 153 +£36.5 0.617

Note: Boldface indicates statistical significance.

age group 40-65 years, all spinopelvic parameters, except
for LL-TK were smaller than the IDEAL alignment values
(P < 0.005). In the oldest age group (=65 years), SVA and
LL-TK were significantly smaller than the IDEAL value (P
<0.005). Calculated age-adjusted IDEAL alignment for the
entirety of the cohort was PT =20.1°; PI-LL =3.1°; SVA =
25.3 mm; LL-TK = 15.1°. Comparing the ACTUAL values
to IDEAL, PT, PI-LL, and SVA was significantly smaller
(P <0.001). The spinopelvic parameter LL-TK was similar
within the cohort to the IDEAL value (P =0.117) (Table 4).

Age-Adjusted Correction Groups

Table 5 shows rates of patients in MATCH (reaching
a £10-year interval of age-adjusted values), UNDER, and
OVER groups comparing ACTUAL postoperative align-
ment to IDEAL age-adjusted values between age groups, as
well as overall. For PT in the entirety of the cohort, 24.4%
of patients matched their age-adjusted alignment goals,
with 51.1% of patients OVER and 24.4% UNDER. 27.6%
of CD patients matched their age-adjusted alignment targets
for PI-LL, with 49.4% OVER and 23% UNDER postoper-
atively. For SVA, 40% of patients met their IDEAL align-
ment goals, 41.3% OVER, and 18.8% UNDER. 18.7% of

Table 2. Alignment values measured preoperatively vs 1 y postoperatively
for spinopelvic and cervical alignment parameters within the entire cervical
deformity cohort.

Radiographic Measure Preoperative 1y P

Pelvic tilt (°) 16 16.8 0.323
Pelvic incidence and lumbar lordosis -3.1 -1.1 0.034

©)

T4-T12 (°) —43.1 —42 0.367
T1SS (°) 29 31.5 0.062
T1 slope minus cervical lordosis (°) 259 23.9 0.335
C2-C7 (°) 3 7.7 0.024*
Cervical sagittal vertical angle (mm) 26.3 27.7 0.290
C2-T3 (°) 0.74 3.1 0.357
SVA C2-T3 (°) 514 55.9 0.026*
C2SS (°) 22.7 20 0.245
SVA (mm) 2.5 8.8 0.142

Abbreviations: C2SS, C2 sacral slope; SVA, sagittal vertical axis; TISS, T1
sacral slope.
Note: Boldface indicates statistical significance.

CD patients matched their goals for LL-TK, while 42.9%
were UNDER and 38.5% OVER.

Postoperative Cervical Deformity Severity on
Lower Extremity Compensation

Overall, 39.6% of patients had improvement in CD,
while 32.9% worsened, leaving 27.5% of the patient popu-
lation without change. This was categorized by a decrease
in TS-CL and cSVA for improved patients, and an increase
in these 2 alignment angles for one whose CD worsened.
The overall CD cohort decreased in TK (—42.1° to —43°),
SFA (199.6-195.6 mm), and KA (2.7° to —1°), though
all compensatory mechanism values were not significant
from baseline to 1 year postoperative (P > 0.05). AA also
decreased postoperatively (6.1°-5.5°), but this change was
found to be significant (P = 0.036). PS (20.9°-21.9°) and
GSA (1°-2.8°) all increased postoperatively, though not sig-
nificant (P > 0.05). When classifying the cohort into patients
with improvement in CD and those whose deformity wors-
ened, all lower extremity compensation mechanisms were
not significant from preoperative values compared with
postoperative alignment values (Tables 6 and 7).

DISCUSSION

Isolated correction of cervical or thoracolumbar sagittal
malalignment has been shown to improve patient outcomes
and quality of life."”'® In cases of CD in particular, cervi-
cal radiographic parameters correlate with health-related
quality-of-life measures, and it has been well established
that surgical correction can create significant improvement
in patient quality of life and function despite a high risk of
complication.®?* This improvement has been attributed
both to restoration of ideal cervical alignment and to postop-
erative alleviation of myelopathy. However, the interplay
between the fused cervical or cervicothoracic segments and
the unfused spine is less understood. There has been a rise
in clinical appreciation of the complex global interactions
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Table 3. Measured 1y postoperative (ACTUAL) and age-adjusted (IDEAL) values for sagittal global and spinopelvic alignment parameters for age cohorts.

Pelvic Incidence-Lumbar  Lumbar Lordosis-Thoracic

Age Mean Sagittal Vertical Axis (mm) Pelvic Tilt (°) Lordosis (°) Kyphosis (°)

Group, y Age,y ACTUAL IDEAL ACTUAL IDEAL ACTUAL IDEAL ACTUAL IDEAL

<40 249 + 6.6 1.7+£20.5 -129+9 75+4 13.7+1.5 -8+6.4 -6.5+2.3 23.7+16.3 55+23
0.181 0.010 0.499 0.022

40-65 55.9+6.9 4+464 17.6 + 17 157+38 18.8 +2.1 -34+12 1.2+3.1 13.8+18 13.2+3.1
0.045 0.002 0.004 0.801

>65 74.1 £ 6.0 27.5+454 609+ 11 255+ 11.7 26+ 1.8 89+ 14 1227 -0.47 +254 24 +2.7
0.005 0.846 0.311 <0.001

Note: Boldface indicates statistical significance (P < 0.05).

between the pelvis, spine, and lower extremities with the
goal of maintaining horizontal gaze and minimizing energy
expenditure. Adjustments in alignment resulting from the
fused segments can lead to reciprocal changes in the unfused
spine (due to its dynamic nature), as well as the pelvis and
lower limbs. These compensatory changes can have impli-
cations on a patient’s global orientation and balance, such
as persistent malalignment or continued compensation,
ultimately leading to ongoing disability and pain. Many
studies have investigated the thoracic and cervical changes
that occur after extensive thoracolumbar fusion; however,
there is a paucity of information on the reciprocal changes
in the thoracolumbar spine after correction of CD.

This present study found that after the correction of CD,
only 25% of patients met the thoracolumbar age-adjusted
alignment ideals described by Lafage et al, with up to 50%
being overcorrected (Table 5).* On average, the 40- to
65-year-old age group demonstrated the largest mismatch
with overcorrection in SVA, PT, and PI-LL (Table 3). The
younger group, age <40 years, was overcorrected for PT
and LL-TK (Table 3). Most striking, the eldest age group
(>65 years) was significantly overcorrected for SVA and
LL-TK (Table 3). Postoperative improvement in CD led
to almost no change in lower extremity sagittal alignment
(Tables 6 and 7).

Reciprocal changes after thoracolumbar deformity
surgery have been well reported in the literature. Kline-
berg et al found that a thoracic pedicle subtraction osteot-
omy (PSO) led to 8° decrease in the unfused LL whereas a
lumbar PSO led to a 13° increase in unfused TK.” Similarly,

Table 4. Measured 1 y postoperative (ACTUAL) and age-adjusted (IDEAL)
values for sagittal global and spinopelvic alignment parameters for entire
cohort.

Radiographic Measure ACTUAL IDEAL P

Pelvic tilt (°) 17.1 20.1 0.001

Mismatch between pelvic incidence and -1.8 3.1 <0.001
lumbar lordosis (°)

Sagittal vertical axis (mm) 1.9 253 <0.001

Mismatch between lumbar lordosis and 12.1 15.1 0.177

thoracic kyphosis (°)

Note: Boldface indicates statistical significance (P < 0.0).

Cacho-Rodrigues and colleagues showed that thoracic PSO
for focal kyphosis led to a relaxation in cervical and lumbar
hyperlordotic compensation with an upper thoracic PSO
decreasing C2-C7 lordosis by 12° and a lower thoracic PSO
leading to a 22° decrease in LL.* An additional study identi-
fied a subgroup of lumbar deformity patients with exhibited
postoperative reciprocal TK after improvement in lumbar
alignment, specifically patients with a smaller initial pre-
operative TK (that is greater thoracic compensation) and
PI-LL mismatch.* Last, Ha et al looked at the reciprocal
change in cervical alignment after thoracolumbar correc-
tion.” They found patients with a low (<6 cm) preoperative
c¢SVA showed a reciprocal increase in T1S and C2-C7 lor-
dosis, and the converse was seen in those with a high (>9
cm) preoperative cVA. Through these studies, a preopera-
tive understanding of the potential changes of the unfused
spine is important as it ensures an attentive and congruous
correction of deformity with the goal of long-term longev-
ity of the fusion construct.®

Reciprocal changes in the thoracolumbar spine, pelvis,
and lower extremities, after CD correction are less under-
stood. Kim et al studied this topic in 48 patients undergoing
anterior cervical discectomy and fusion.”* Postoperatively,
their patients had a decrease in C2-C7 lordosis and, unsur-
prisingly, a compensatory increase in PT with this pelvic
retroversion helping to maintain horizontal gaze. There was
no change in TK or LL. Ramachandran and the Interna-
tional Spine Study Group found patients with CD and an
increased cSVA compensated with upper cervical (CO-C2)
hyperlordosis, increased T1S, and increased PT.* Post-
operatively, there was an improvement in CO-C2 lordosis
(38.7°-35.4°), T1S (30.8°-34.2°), and an increase in TK
(38.5°-41.1°). The authors found no change in PT or LL;
however, the postoperative values were pooled according to
preoperative CD severity and some of the granularity of the
data may have been lost.

Mizutani et al studied 78 patients who underwent surgery
for cervical kyphosis.”® They found “cervical spine—imbal-
anced” patients, or those with a preoperative negative
cSVA, compensatory lumbar hyperlordosis, and low T1S,
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Table 5. Percentages of patients within each age cohort and overall who matched age-adjusted ideals (MATCH), those that undercorrected (UNDER) and those
that overcorrected (OVER), based upon a +10-y interval of age-adjusted values calculated with Renaud et al’s established formulas.Differences in lower extremity

compensatory mechanisms (SFA, KA, AA, PS, GSA) by age group.

Age Adjustment Ideals UNDER Under Overall MATCH Match Overall OVER Over Overall
Pelvic tilt (°)
<40y 0% 24.40% 28.6% 24.40% 71.4% 51.10%
40-65y 19.4% 27% 53.2%
265y 47.6% 14.3% 38.1%
Mismatch between pelvic tilt-lumbar lordosis (°)
<40y 25% 23.00% 0% 27.60% 75% 49.40%
40-65y 22.6% 27.4% 50%
265y 23.8% 33.3% 42.9%
Sagittal vertical axis (mm)
<40y 42.9% 18.80% 57.1% 40.00% 0% 41.30%
40-65 y 18.5% 40.7% 40.7%
265y 10.5% 31.6% 57.9%
Mismatch between lumbar lordosis and thoracic kyphosis (°)
<40y 85.7% 42.90% 14.3% 18.70% 0% 38.50%
40-65y 46.0% 25.4% 28.6%
265y 19% 0% 81%

had relaxed the LL (56°-51°), increased the TK (30°-34°),
and T1S (16°-27°), after correction of CD. No change was
seen in the comparative “cervical spine—balanced” group.
These findings suggest that the most severely malaligned
patients exhibit flexible deformity into the lumbar spine
and pelvis, that the compensatory mechanisms will relax
postoperatively, and longer fusions may not be required.
Unfortunately, the authors did not consider age-appropriate
alignment goals or lower extremity compensation.

When considering spinal deformity, using age-
adjusted alignment ideals is important. The initial asso-
ciation of sagittal malalignment and disability, described
by Schwab et al, did not account for age and noted that

Table 6. Differences in lower extremity compensatory mechanisms (SFA, KA,
AA, PS, GSA) by age group.

Compensatory Mechanism and Pre- to Postoperative P
Age Group, y Change
TK
<40 -1.8 0.410
40-65 -0.79 0.502
>65 -2.0 0.676
SFA
<40 5.5 0.075
40-65 6.5 0.275
265 -2.3 0.088
KA
<40 -2.5 0.264
40-65 5.4 0.275
>65 -0.12 0.931
AA
<40 -0.44 0.757
40-65 1.14 0.002*
>65 -0.74 0.241
PS
<40 -6.4 0.517
40-65 4.9 0.149
>65 6.5 0.521
GSA
<40 —0.48 0.004*
40-65 -2.8 0.224
265 0.37 0.629

Abbreviations: AA, ankle angle; CD, cervical deformity; GSA, global sagittal angle; KA,
knee angle; PS, pelvic shift; SFA, sacrofemoral angle; TK, thoracic kyphosis.
“Statistically significant.

PT >22°, SVA 247 mm, and PI-LL >11° were associated
with increased disability.'” Their group further refined
these thresholds with age as an important predictor and
found that older patients require less rigorous correc-
tion of malalignment.? The granularity of this data then
allowed Lafage et al to show that overcorrection, when
compared with age-adjusted goals, leads to higher rates
of junctional failure.® Hence, correction to appropriate
alignment goals is important to the long-term longevity
of spinal fusions. In our study, given the oldest patient
exhibits overcorrected in the lumbar spine, it is possible
the risk of junctional failure could be increased.

Table 7. Pre- to Postoperative differences in lower extremity compensatory
mechanisms (SFA, KA, AA, PS, GSA) for overall, worsened (increase in TS-CL
and cSVA), and improved (decrease in TS-CL and cSVA) CD cohorts.

Compensatory Mechanism

and Cohort Preoperative Postoperative P
TK

Overall —42.1 —43 0.535

Worsen —41.1 -45.3 0.106

Improve —42.7 -41.4 0.415
SFA

Overall 199.6 195.6 0.286

Worsen 197.5 196.4 0.225

Improve 199.8 194.6 0.36
KA

Overall 2.7 -1 0.27

Worsen 3.1 2.8 0.691

Improve 2.6 2.4 0.33
AA

Overall 6.1 55 0.036"

Worsen 59 5.4 0.161

Improve 6.1 5.6 0.19
PS

Overall 20.9 21.9 0.742

Worsen 22.7 23.1 0.921

Improve 219 24.7 0.55
GSA

Overall 1 2.8 0.261

Worsen 0.79 1 0.593

Improve 1.2 4 0.258

Abbreviations: AA, ankle angle; CD, cervical deformity; cSVA, cervical sagittal vertical
angle; GSA, global sagittal angle; KA, knee angle; PS, pelvic shift; SFA, sacrofemoral
angle; TK, thoracic kyphosis; TS-CL, T1 slope minus cervical lordosis.

“Statistically significant.
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Lower limb compensation is well described in adult
spinal malalignment. With increasing sagittal malalign-
ment compensation with increased pelvic retroversion and
loss of thoracic kyphosis is exhausted and lower limb com-
pensatory mechanisms are recruited.” These mechanisms
are PS (the horizontal distance between posterosuperior
corner of the sacrum and the anterior cortex of the distal
tibia), KA (the angle between the sagittal mechanical axes
of the femur and tibia), AA (the angle between the sagittal
mechanical axis of the tibia and a vertical), and the SFA
(line along the S1 end plate and the line along the axis of the
femur). With an increasing SVA, PS increased, implying a
posterior translation of the pelvis, along with the KA and
AAM

No studies exist investigating the inter-relationship
between lower extremity compensation and CD. Compar-
ing our population to normal controls, CD patients have an
increased PS (CD 199.6 mm vs normal 9.6 mm) but similar
KA (CD 2.7° vs normal 3.7°) and AA (CD 6.1° vs normal
6.6°)."" Furthermore, there was no difference in lower limb
postoperative alignment when the population was stratified
by age. This can be explained by 2 possibilities: the mag-
nitude of CD is not severe enough to exhaust PT and TK
compensation or the lower extremity mechanisms are less
important in compensation for CD. Understanding this rela-
tionship will require further investigation in future studies.

A primary limitation of this study is its radiographic
nature, without associations made to patient-reported
outcomes. As a result, we are unable draw conclusions
regarding clinical outcomes of the surgical correction.
Furthermore, this is a retrospective analysis of surgeon
collected data and with possible limited external validity.
Thus, the results of this study are limited in their prospec-
tive application to the clinical setting. However, remains of
the largest studies on reciprocal spinopelvic change after
CD surgery.

CONCLUSIONS

Surgery for CD was limited in its ability to restore tho-
racolumbar and pelvic alignment, with almost 75% of
CD patients not meeting previously established spinopel-
vic alignment goals. This is most concerning in the older
patient group, of whom the majority exhibited overcor-
rected parameters. Lower extremity sagittal alignment does
not seem to be affected by CD; however, further study is
required. It is clear that CD affects thoracic, lumbar, and
pelvic alignment. Preoperatively, the surgeon must be cog-
nizant of potential changes in alignment of the whole spine
and tailor a surgical correction that will lead to harmonious
spinal balance.
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