H. H http://dx.doi.org/10.3349/ym].2015.56.4.1060 . .
| Original Article | pISSN: 0513-5796, elSSN: 19762437 | Yonsei Med J 56(4):1060-1070, 2015 YM l

CrossMark
&click for updates

Anterior Cervical Discectomy and Fusion Alters
Whole-Spine Sagittal Alignment

Jang Hoon Kim," Jeong Yoon Park,' Seong Yi,? Kyung Hyun Kim,' Sung Uk Kuh,'
Dong Kyu Chin,' Keun Su Kim,' and Yong Eun Cho'

'Department of Neurosurgery, Gangnam Severance Hospital, Spine and Spinal Cord Institute, Yonsei University College of Medicine, Seoul;
Department of Neurosurgery, Severance Hospital, Yonsei University College of Medicine, Seoul, Korea.

Received: November 20, 2014

Revised: January 5, 2015

Accepted: January 17,2015
Corresponding author: Dr. Jeong Yoon Park,
Department of Neurosurgery,
Gangnam Severance Hospital,

Spine and Spinal Cord Institute,

Yonsei University College of Medicine,
211 Eonju-ro, Gangnam-gu,

Seoul 135-720, Korea.

Tel: 82-2-2019-3390, Fax: 82-2-3461-9229
E-mail: spinepjy@yuhs.ac

- The authors have no financial conflicts of
interest.

© Copyright:
Yonsei University College of Medicine 2015

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Purpose: Anterior cervical discectomy and fusion (ACDF) has become a common
spine procedure, however, there have been no previous studies on whole spine
alignment changes after cervical fusion. Our purpose in this study was to determine
whole spine sagittal alignment and pelvic alignment changes after ACDF. Materi-
als and Methods: Forty-eight patients who had undergone ACDF from January
2011 to December 2012 were enrolled in this study. Cervical lordosis, thoracic ky-
phosis, lumbar lordosis, sagittal vertical axis (SVA), and pelvic parameters were
measured preoperatively and at 1, 3, 6, and 12 months postoperatively. Clinical out-
comes were assessed using Visual Analog Scale (VAS) scores and Neck Disability
Index (NDI) values. Results: Forty-eight patients were grouped according to opera-
tive method (cage only, cage & plate), operative level (upper level: C3/4 & C4/5;
lower level: C5/6 & C6/7), and cervical lordosis (high lordosis, low lordosis). All
patients experienced significant improvements in VAS scores and NDI values after
surgery. Among the radiologic parameters, pelvic tilt increased and sacral slope de-
creased at 12 months postoperatively. Only the high cervical lordosis group showed
significantly-decreased cervical lordosis and a shortened SVA postoperatively. Cor-
relation tests revealed that cervical lordosis was significantly correlated with SVA
and that SVA was significantly correlated with pelvic tilt and sacral slope. Conclu-
sion: ACDF affects whole spine sagittal alignment, especially in patients with high
cervical lordosis. In these patients, alteration of cervical lordosis to a normal angle
shortened the SVA and resulted in reciprocal changes in pelvic tilt and sacral slope.

Key Words: ACDF, whole spine sagittal alignment, pelvic parameters

INTRODUCTION

Whole-spine sagittal alignment, including cervical lordosis, thoracic kyphosis, and
lumbar lordosis, is important for maintenance of horizontal gaze and minimization
of energy consumption in the normal state, and there is a close relationship between
whole-spine sagittal alignment and pelvic alignment in maintaining global sagittal
balance.' Previous studies have shown that progression of thoracolumbar deformi-
ty influences sagittal and cervical alignment.' Furthermore, surgical correction of
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sagittal malalignment by techniques such as lumbar pedicle
subtraction osteotomy (PSO) has been shown to improve
abnormal cervical hyperlordosis to normal lordosis through
reciprocal alignment changes.'

The increase in life expectancy and widespread adoption
of diagnostic tools such as MRI has increased the incidence
of cervical fusion surgery. Among various cervical fusion
surgeries, anterior cervical discectomy and fusion (ACDF),
introduced by Smith and Robinson,' is the most common
cervical fusion surgery. ACDF is an established procedure
for the treatment of cervical radiculopathy and myelopathy
secondary to degenerative disc disease, and several studies
have reported good fusion success rates and excellent clini-
cal outcomes.!""!*

Whole-spine alignment is known to change after thoraco-
lumbar deformity correction of cervical lordosis."” Al-
though cervical fusion surgeries, including ACDF, have be-
come common spine procedures, whole spine alignment
changes after ACDF have not previously been investigated
in detail. We hypothesized that there might be reciprocal
changes in whole-spine sagittal alignment, including thora-
columbar angle and pelvic alignment, followed by changes
in cervical alignment after ACDF. We therefore designed
this study to assess changes in whole-spine sagittal align-
ment and pelvic alignment after ACDF.

MATERIALS AND METHODS

Subjects and study design

This retrospective, cross-sectional study included patients
who were diagnosed with single-level cervical disc hernia-
tion. Forty-eight consecutive patients who had undergone
single-level ACDF due to cervical disc herniation with only
radiculopathy, not myelopathy, from January 2011 to De-
cember 2012 were enrolled in this study. We excluded pa-
tients treated for non-degenerative purposes such as trauma,
tumor, or infection, as well as patients who had undergone
multi-level ACDF, lumbar operations, or other spine opera-
tions in order to minimize the possible impacts of surgery on
segments other than the cervical spine on whole sagittal bal-
ance. In addition, we also excluded patients who had thorac-
ic and lumbar spine pathologies on routine whole-spine sag-
ittal MRI images, as other segment pathologies besides
cervical disc herniation might affect whole sagittal align-
ment. This project was approved by the Institutional Review
Board of Gangnam Severance Hospital, Yonsei University

College of Medicine (No. 3-2013-0296).

To compare various situation-related operations, patients
were divided according to operative method [cage only: Ze-
ro-P implant (Synthes GmbH Switzerland, Oberdorf, Swit-
zerland) with autobone; cage & plate: allobone spacer (CG
Bio, Seoul, Korea) and Zephir plate (Medtronic Sofamor
Danek Inc., Memphis, TN, USA)] (Figs. 1 and 2), operative
level (upper level: C3/4, C4/5; lower level: C5/6, C6/7), and
preoperative cervical lordosis (high cervical lordosis: preop-
erative cervical lordosis >12.5°; low cervical lordosis: pre-
operative cervical lordosis <12.5°).116 Preoperative cervical
lordosis was classified relative to the mean angle of all pa-
tients (12.5°) (Table 1).

Outcome assessment & statistical methods

Arm pain and neck pain were assessed by self-reported

Fig. 1. Whole spine AP (A) and lateral (B) radiography after anterlor cervi-
cal discectomy and fusion with cage only (Zero-P implant; Synthes GmbH
Switzerland, Oberdorf, Switzerland) with autobone.

; B ‘

- i
Fig. 2. Whole-spine AP (A) and lateral (B) radiography after anterior cervi-
cal discectomy and fusion with cage and plate [Allobone spacer (CG bio,

Seoul, Korea), and Zephir plate (Medtronic Sofamor Danek Inc., Memphis,
TN, USA)].
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Table 1. Demographic Data

Total Operative method Operative level Cervical lordosis’
Cageonly  Cage & plate  C3/4 & 4/5 C5/6 & 6/7  High lordosis Low lordosis
No. 48 28 (58%) 20 (42%) 13 (27%) 35 (73%) 21 (44%) 27 (56%)
Age (yrs) 52.9£10.2 51.4£10.8 55.0£9.1 56.2+13.2 51.748.8 51.1£10.0 53.8+10.3
Sex
Male 25 15 10 7 18 12 13
Female 23 13 10 6 17 9 14
Op method
Cage only* 28 28 24 13 15
Cage & plate’ 20 20 9 11 8 12
Op level
C3/4 5 0 5 5 3 2
C4/5 8 4 8 7 1
C5/6 17 16 1 17 7 10
C6/7 18 8 10 18 4 14

*Cage only group received a Zero-P implant (Synthes GmbH Switzerland, Oberdorf, Switzerland) with autobone.
'Cage & plate group received an allobone spacer (CG Bio, Seoul, Korea) and Zephir plate (Medtronic Sofamor Danek Inc., Memphis, TN, USA.
*Patients were divided into two groups according to cervical lordosis angle: high C-lordosis (>mean preop. cervical lordosis -12.5°) and low C-lordosis (<mean

preop. cervical lordosis -12.5°).

measurements using the Visual Analog Scale (VAS) and
Neck Disability Index (NDI), respectively. Patients were re-
quired to undergo cervical MRI, CT, and whole-spine radi-
ography preoperatively, as well as serial whole-spine radiog-
raphy at the 1-, 3-, 6-, and 12-month postoperative follow-
ups. Cervical lordosis, thoracic kyphosis, lumbar lordosis,
sagittal vertical axis (SVA), and pelvic parameters (pelvic
incidence, pelvic tilt, and sacral slope) were measured pre-
operatively and at all follow-ups. Cervical lordosis was
measured by determining the Cobb angle between the cau-
dal endplate of C2 and the caudal endplate of C7. Thoracic
kyphosis was measured by determining the Cobb angle be-
tween the cranial endplate of T4 and the caudal endplate of
T12, while lumbar lordosis was measured by determining
the Cobb angle between the sacral upper margin and the cra-
nial L1 endplate (Fig. 3).

SVA was measured as the distance between vertical lines
through the center of the C7 vertebral body and the S1 supe-
rior posterior corner. Pelvic incidence was measured as the
angle between the line joining the center of the femoral head
with the midpoint of the sacral endplate and the perpendicu-
lar line from the midpoint of the sacral endplate. Pelvic tilt
was measured as the angle between the line joining the cen-
ter of the femoral head with the midpoint of the sacral end-
plate and the vertical line. Sacral slope was measured as the
angle between the line along the sacral endplate and the hor-
izontal line (Fig. 3)."7%° All radiologic parameters were eval-
uated using PACS software and a PACS workstation (Cen-
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tricity 3.0, General Electric Medical System, Milwaukee,
WI, USA).

Statistical comparisons were performed based on the
measured follow-up radiologic date. SPSS for Windows
(version 15.0 K; SPSS Inc., Chicago, IL, USA) was used for
statistical analyses. The Wilcoxon signed-rank test was used
for intragroup comparisons preoperatively and at postopera-
tive 1, 3, 6, and 12 months. For intergroup comparisons, the
Mann-Whitney U test was used, and the Pearson correlation
test was used to assess the significance of differences in ra-
diologic parameters among groups. p values less than 0.05
were considered statistically significant.

RESULTS

Among 48 patents, 25 were male, and the mean age was
52.9 years (Table 1). Arm pain and neck pain were assessed
using VAS and NDI, respectively. There was a significant,
sequential improvement in both VAS scores and NDI values
postoperatively, relative to the preoperative state (VAS: 6.9+
1.1 preoperatively, 1.6+1.8 at | month, 1.1+0.6 at 3 months,
1.5+1.2 at 6 months, and 0.6+0.6 at 12 months postopera-
tively; NDI: 20.0+6.8 preoperatively, 7.9+6.5 at 1 month,
6.9+5.3 at 3 months, 6.1+4.6 at 6 months, and 3.6+£3.4 at 12
months postoperatively). Cervical lordosis, pelvic tilt, and
sacral slope changed postoperatively relative to the preoper-
ative state. Cervical lordosis significantly decreased at post-
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Cervical lordosis

Thorasic kyphosis

. Sacral slope
Lumbar lordosis

Sagittal vertical axis

Pelvic tilt
Pelvic incidence

5

Fig. 3. Radiologic parameters evaluated in this study. Cervical lordosis
(Cobb angle between caudal endplate of C2 and caudal endplate of C7),
thoracic kyphosis (Cobb angle between cranial endplate of T4 and caudal
endplate of T12), lumbar lordosis (Cobb angle between sacral upper mar-
gin and cranial L1 endplate), sagittal vertical axis (distance between verti-
cal lines through the center of the C7 vertebral body and the S1 superior
posterior corner), pelvic incidence (angle between the line joining the cen-
ter of the femoral head with the midpoint of the sacral endplate and the
perpendicular line from the midpoint of the sacral endplate), pelvic tilt (an-
gle between the line joining the center of the femoral head with the mid-
point of the sacral endplate and the vertical line), and sacral slope (angle
between the line along the sacral endplate and the horizontal line).

operative 1 and 3 months (preoperatively -12.5° to -10.4° at
postoperative 1 month and -10.8° at postoperative 3 months;
p<0.05) (Table 2). Pelvic tilt was significantly higher post-
operatively than at preoperative 12 months (12.0° to 15.0°;
p<0.05) (Table 2). Sacral slope was significantly lower at 12
months postoperatively than preoperatively (36.9° to 34.8°;
p<0.05) (Table 2). Other radiologic parameters (SVA, tho-
racic kyphosis, lumbar lordosis, and pelvic incidence) did
not show any significant differences between preoperative
and postoperative states (Table 2).

Effect of operative method: cage only versus cage &
plate
There were 28 patients in the cage-only group (58%) and 20
patients in the cage-&-plate group (42%). There were no
significant differences in mean age (cage only: 51.4 years;
cage & plate: 55.0 years) or sex (cage only: 15 men, 13
women; cage & plate: 10 men, 10 women) between these
two groups (Table 1). Intergroup comparisons of radiologic
parameters revealed that cervical lordosis was the only fac-
tor that differed significantly between groups. Cervical lor-
dosis at 3 months was -15.6° in the cage-only group com-
pared to -5.9° in the cage-&-plate group (p<0.05) (Table 2).
Intragroup comparison according to operative method,

cervical lordosis, and pelvic tilt revealed that these factors
changed significantly postoperatively compared to the pre-
operative state. Cervical lordosis was significantly lower at
postoperative 3 months in the cage-&-plate group than pre-
operatively (-11.5° to -5.9°; p<0.05) (Table 2). Pelvic tilt was
significantly higher at postoperative 6 and 12 months in the
cage-&-plate group than preoperatively (preoperatively
12.2° to 15.5° at postoperative 6 months and 17.1° at post-
operative 12 months; p<0.05) (Table 2).

Effect of operative level: upper level (C3/4, C4/5) and
lower level (C5/6, C6/7)

There were 13 patients in the upper-level group (27%) and
35 patients in the lower-level group (73%). There were no
significant differences in mean age (upper level: 56.2 years;
lower level: 51.7 years) or sex (upper level: 7 men, 6 wom-
en; lower level: 18 men, 17 women) between groups (Table
1). Intergroup comparisons of radiologic parameters, SVA,
and cervical lordosis showed significant differences. SVA
preoperatively and at 1, 3, and 12 months postoperatively
was significantly different between groups (upper level:
30.7, 29.4, 21.0, and 29.2 mm; lower level: -17.9, -9.0,
-10.3, and -18.1 mm, respectively; p<0.01 preoperatively
and 1 month; p<0.05 at 3 and 12 months) (Table 2). Cervi-
cal lordosis preoperatively and at 1, 3, and 12 months post-
operatively was also significantly different between groups
(upper level: -20.0°, -18.2°, -20.1°, and -21.8°; lower level:
-9.6°, -6.3°, -9.3°, and -10.6°, respectively; p<0.01 at 12
months; p<0.05 preoperatively and at 1, 3, and 12 months
postoperatively) (Table 2).

Intragroup comparison according to operative level, cervi-
cal lordosis, pelvic tilt, and sacral slope revealed significant
changes postoperatively relative to the preoperative state.
Cervical lordosis significantly decreased at postoperative 1
month in the lower-level group (-9.6° to -6.3°; p<0.05) (Ta-
ble 2). Pelvic tilt was significantly higher at postoperative 12
months in the upper-level group (12.7° to 19.4°; p<0.05) (Ta-
ble 2). Sacral slope was significantly lower at postoperative
12 months than preoperatively in the upper-level group
(35.7° to 31.6°; p<0.05) (Table 2).

Effect of cervical lordosis: high lordosis and low
lordosis

There were 21 patients in the high-lordosis group (44%) and
27 patients in the low-lordosis group (56%). There were no
significant differences in mean age (high lordosis: 51.1 years;
low lordosis: 53.8 years) or sex (high lordosis: 12 men, 9
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Low C-lordosis
7.5
74

144
13.7

Cervical lordosis'
9.0

High C-lordosis

13.0

Lower level==SD
7.1
6.6 16.7" 12.0

12.8
13.4

Operative level
Cage & plate+SD Upper level=SD
15.5' 75 15.7 10.4
114 19.4' 14.1

17.1°

84

Operative method
7.6

Cage only+SD

12.5
13.6

8.1
9.2

Total=SD

13.6
15.0"

Postop. 6 mo
Postop. 12 mo
Sacral slope (°)

Table 2. Radiologic Parameters Preoperatively and at 1, 3, 6, and 12 Months Postoperatively (Continued)

Whole Spine Sagittal Alignment after ACDF

women; low lordosis: 13 men, 14 women) between the two
s e g oo groups (Table 1). Intergroup comparisons of radiologic pa-
rameters revealed significant differences in SVA and cervi-
cal lordosis. SVA preoperatively and at 1 and 3 months post-
g g g ; g operatively was significantly different between groups (high
lordosis: 17.5, 16.2, and 11.1 mm; low lordosis: -20.7, -10.5,
. . . and -12.8 mm, respectively; p<0.01 preoperatively; p<0.05
6 o B v R & at 1 and 3 months) (Table 2). Cervical lordosis preoperative-
_;: ly and at 1, 3, and 6 months postoperatively was significant-
N - - = ly different between groups (high lordosis: -25.9°, -17.6°,
SRR S §  -17.8° and -18.4° low lordosis: -2.5°, -2.8°, -3.8°, and
§ -6.7°, respectively; p<0.01) (Table 2).
Mmoo A n o § Intragroup comparison according to cervical lordosis re-
~ N o~ o~ o8 5 . . .
< vealed that only the high-cervical-lordosis group showed
§ significant changes in SVA, cervical lordosis, pelvic tilt, and
Q92 3 92 2 % sacral slope postoperatively compared to the preoperative
"Nl B E state. SVA was significantly shorter at 6 and 12 months
L;’ postoperatively than the mean preoperative value in the
2T 2 =  high-lordosis group (17.5 to 4.5 and 5.6 mm, respectively;
% p<0.01) (Table 2). Cervical lordosis was also significantly
_ < lower at postoperative 1, 3, 6, and 12 months relative to the
] L2
5 %\ § 2 = g é mean preoperative value (-25.9° to -17.6°, -17.8°, -18.4°,
= ;2 and -17.9°, respectively; p<0.01 at 1, 3, and 12 months;
. . ﬁf % p<0.05 at 6 months) (Table 2). Pelvic tilt also showed a sig-
" B g& é nificant increase at postoperative 12 months relative to the
*, g preoperative mean value (12.0° to 16.7°; p<0.05) (Table 2).
" o o o é qgfg Sacral slope was significantly lower at postoperative 12
R 2 % months than preoperatively (36.4° to 33.3°; p<0.05) (Table 2).
258
2EE
S =~ »v v o sS40 Correlation test
[ele} [>e} G- o~ (o)} P .=
8 S E’ Correlation test results are summarized in Fig. 4 and Table
E 4 ié) 3. As we found statistically significant changes in SVA, cer-
22 S g % é’ :‘fi 2 vical lordosis, pelvic tilt, and sacral slope after ACDF, we
132 S S o B SO N oo 2 8 . .
é £3 performed a Pearson correlation test for SVA, cervical lor-
E= ‘_g dosis, pelvic tilt, and sacral slope. SVA was negatively cor-
€ E . . . ..
Bl B 22 ‘g’ related with cervical lordosis and sacral slope and positively
g % *é, correlated with pelvic tilt (Table 3, Fig. 4). Cervical lordosis
_ g % % only showed a negative correlation with SVA (Table 3, Fig.
(o)} — o v [ee} ) =}
g 5 o® oo« g é @ 4). Pelvic tilt was positively correlated with SVA yet nega-
8 g g tively correlated with sacral slope (Table 3, Fig. 4). Sacral
é o § slope was negatively correlated with SVA and pelvic tilt (Ta-
4 222 ble3,Fig.4).
c o o g TE S _é _é
E E E Q|EZ28:2
— n © — |0 g g
s 5 5 5 5|3 s § 3 DISCUSSION
< S gE
»EEL Over the last decade, appreciation of the critical role of nor-
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SVA

Pelvic tilt Sacral slope

Cervical lordosis

Fig. 4. Summarized correlations among sagittal vertical axis (SVA), cervical
lordosis, pelvic tilt, and sacral slope. SVA was negatively correlated with
cervical lordosis and sacral slope and positively correlated with pelvic tilt.
Cervical lordosis was negatively correlated with SVA. Pelvic tilt had a posi-
tive correlation with SVA and a negative correlation with sacral slope.
Sacral slope had a negative correlation with SVA and pelvic tilt.

mal whole-spine sagittal alignment and sagittal pelvic align-
ment in the maintenance of an economic posture and mini-
mal energy consumption has been increasing.!* Whole-
spine sagittal alignment and pelvic alignment are closely
related and can change simultaneously, and sagittal spino-
pelvic alignment is a complex chain of correlation from the
pelvis to the occiput such that changes in one region of the
spine can result in reciprocal changes in other spinopelvic
regions."® Previous studies have tended to focus on the ef-
fects of changes in the lower spine (pelvis, lumbar, and tho-
racic spine) on the upper part (cervical spine)."* These stud-
ies reported that changes in the balance of the thoracolumbar
spine caused reciprocal changes in the whole sagittal spine
and cervical spine alignment."* Development of spinal in-
strumentation and osteotomy techniques, such as PSO, has
enabled surgical correction of thoracolumbar deformity and
positive sagittal malalignment.® Lumbar PSO to correct sag-
ittal malalignment has been shown to improve abnormal cer-
vical hyperlordosis to normal lordosis through reciprocal
change."® In contrast, however, it is not known whether cer-
vical lordosis changes after cervical spine surgery, or how
this may affect whole spine sagittal alignment and pelvic
alignment.

We investigated 48 patients who underwent single-level
ACDF for cervical disc herniation. Cervical deformity is not
a common disease, in contrast to thoracolumbar deformity;
thus, it is challenging to determine whole-spine sagittal align-
ment changes after cervical deformity correction. ACDF is

the most common cervical fusion procedure; therefore, our
goal was to assess whether there were whole-spine sagittal
alignment changes after ACDF and to find significant fac-
tors that influenced such changes. We did not observe any
change in SVA after ACDF; however, cervical lordosis, pel-
vic tilt, and sacral slope did change after ACDF in the over-
all group of patients (Table 2). As SVA did not change after
ACDF, we could not distinguish whether the change in pel-
vic alignment (pelvic tilt and sacral slope) was associated
with ACDF or whether it occurred independently of ACDEF.
To determine the relationships among radiologic parame-
ters, we performed correlation tests of significant variables.
We found that the correlation between cervical lordosis and
SVA and the changes in SVA resulted in changes to pelvic
tilt and sacral slope angles (Table 3, Fig. 4).

To find operation-related or patient factors that influenced
SVA and pelvic alignment, we compared operative methods
(cage only versus cage & plate), operative level (upper level
versus lower level), and preoperative cervical lordosis (high
cervical lordosis versus low cervical lordosis).'>'* When we
performed intragroup comparisons between preoperative
status and postoperative 1-, 3-, 6-, and 12-month statuses ac-
cording to operative method and operative level, we did not
observe any changes in SVA after ACDF. This means that
the operative methods and levels were not associated with
SVA changes after ACDF. We also grouped patients accord-
ing to preoperative cervical lordosis, as previous studies
have reported that correction of thoracolumbar deformity by
PSO significantly decreases cervical lordosis and that this
results in a reciprocal change to correct cervical hyperlordo-
sis.® Patients with positive sagittal malalignment could com-
pensate with abnormally-increased cervical lordosis to
maintain horizontal gaze; this correction of sagittal ma-
lalignment would result in correction of cervical hyperlordo-
sis through reciprocal changes.®

We divided patients into two groups based on mean pre-
operative cervical lordotic angle: those with an angle >12.5°
were assigned to the high-cervical-lordosis group, and those
with an angle <12.5° were assigned to the low-cervical-lor-
dosis group. We found that in the high-cervical-lordosis
group, cervical lordosis decreased significantly from postop-
erative 1 month to 12 months, and SVA decreased signifi-
cantly from 6 months to 12 months; additionally, pelvic tilt
increased and sacral slope decreased at postoperative 12
months (Table 2, Fig. 5). Cervical lordosis changed immedi-
ately after ACDF and resulted in a change in SVA at postop-
erative 6 months. The change in SVA resulted in a change in
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Fig. 5. Significant radiologic parameters changes according to postopera-
tive time. Preoperative and postoperative states were compared within
groups using the Wilcoxon signed-rank test. *p<0.01, ' p<0.05.

pelvic tilt and sacral slope at postoperative 12 months. This
result is the converse of that observed after correction of
thoracolumbar deformity by PSO, which changed the pelvic
tilt and sacral slope and subsequently decreased the C2—7
plumb line, resulting in reciprocal changes to correct cervi-
cal hyperlordosis to neutralization in the cervical-hyperlor-
dosis group.® Intragroup comparison of the upper-cervical
group (C3/4 and C4/5) revealed significant pelvic tilt and
sacral slope changes at postoperative 12 months (Table 2).
In this group, preoperative cervical lordosis was hyperlordo-
sis (20.0°), which means that the change in pelvic tilt and
sacral slope after ACDF in the upper-cervical group was not
at the operative level but was instead due to high cervical lor-
dosis preoperatively. In conclusion, ACDF affects whole-
spine sagittal balance including SVA, sacral slope, and pel-
vic tilt between 6 and 12 months postoperatively by changing
cervical high lordosis to neutralization. With the swings of
SVA, sacral slope, and pelvic tilt in the high-cervical-lordo-
sis group all falling with the normal range, there were no
differences in clinical results between the high- and low-cer-
vical-lordosis groups postoperatively in this study.

A reciprocal relationship also exists between lumbar lor-
dosis and thoracic kyphosis, and the sagittal thoracic com-
pensatory curve and pelvic retroversion can normalize after
restoration of lumbar lordosis in adolescent idiopathic scoli-
osis (AIS).1?> In previous studies, cervical kyphosis in AIS
with thoracic hypokyphosis was reported. We did not have
any cases with thoracic kyphosis or lumbar lordosis changes
after ACDF. We only included single-level ACDF and pa-
tients with cervical lordosis; therefore, we did not observe
any reciprocal changes in the thoracic and lumbar spine.
Blondel, et al.*! recently reported normal cervical lordosis

from 6.6° to 22.2° for individuals between the ages of 20
and 60 years. The mean cervical lordosis angle in the cur-
rent study was 12.5°, which is within the range of normal
values.®? The authors defined high and low cervical lordo-
sis according to the mean preoperative cervical lordosis of
all patients (12.5°) (Table 1). This subjective classification of
cervical lordosis is a limitation of this study, and our results
may have been different had we included cervical kyphosis
patients or other cervical deformities.

This study had several limitations: a short follow-up peri-
od of one year, a small number of patients, no cervical de-
formity cases, and no clinical differences according to SVA
and cervical lordosis change. In addition, we did not deter-
mine the cervical fusion rate. However, several studies have
shown that almost all cervical fusion procedures are suc-
cessful after single-level ACDF; in our study, none of the
patients required revision surgery. Nevertheless, long-term
follow-up in a larger number of patients, including those
with cervical kyphosis and deformities, is required to deter-
mine the fusion rate. Radiologic change including cervical
lordosis and SVA before and after surgery did not show any
clinical relevance or significance. As all preoperative and
postoperative radiologic parameters were within the normal
range, there was no clinical difference according to changes
in radiologic parameters. In addition, from this study it is
impossible to know the exact reasons as to why only high
cervical lordosis patients had an altered sagittal alignment
and not those in the low-cervical-lordosis group, as this
study only included the one-segment ACDF and the range
of high cervical lordosis was within the normal range. From
the previous studies on thoracolumbar deformity, PSO was
reported to have changed the pelvic tilt and sacral slope,
which changed SVA and resulted in reciprocal changes to
correct cervical hyperlordosis to neutralization in the cervi-
cal-hyperlordosis group.! However, this study did not in-
clude abnormal cervical hyperlordosis and kyphosis cases.
Further studies that include various cervical deformities
with abnormal high cervical lordosis and kyphosis are re-
quired.

Despite these limitations, ACDF was found to affect
whole-spine sagittal alignment and pelvic alignment, espe-
cially in patients with high cervical lordosis. After ACDF,
cervical lordosis decreased in the high-cervical-lordosis
group, SVA decreased, pelvic tilt increased, and sacral slope
decreased in sequential order. Cervical lordosis and whole-
spine sagittal alignment were strongly correlated after ACDF.
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