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Background: Cervical alignment is associated with myelopathy and quality of life. Anterior cervical
discectomy and fusion (ACDF) aims to decompress neural structures and optimise cervical alignment. This
study examines the quantitative impact of the hyperlordotic 15° ACDF cage on cervical alignment, and
compares it to that of the standard lordosis cage.

Methods: A retrospective analysis of radiographical parameters of cervical alignment was conducted in
80 consecutive ACDEF patients from two institutions between 2013 and 2017. Forty received 15° cages, 40
received standard cages. Pre- and post-operative Cobb angles and sagittal vertical axes (SVA) were generated
from radiographical imaging utilising the Surgimap™ program. Changes in lordosis and SVA were compared
within and between groups, and the significance of the change evaluated using the Student 7-test.

Results: In both groups, post-operative device level, segmental, and global Cobb angles were superior
to preoperative values (P<0.05), especially among patients with preoperative kyphosis (P<0.05). Trends
suggested greater changes in lordosis in the 15° group, but they did not reach statistical significance (P=0.06—
0.23). However, subgroup analyses indicated greater device level Cobb angle change in patients less than
65 yo (P=0.049), and those with preoperative lordosis (P=0.003). Neither standard nor hyperlordotic cages
significantly improved SVA in this study.

Conclusions: Hyperlordotic and standard cages both improve cervical lordosis segmentally and globally.
Hyperlordotic cages were not shown to be statistically superior to standard cages in this study. Prospective

studies featuring consistent imaging modalities are necessary to further delineate their utility.
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Introduction

Cervical alignment is associated with quality of life and
myelopathy (1-3). Kyphosis correlates with increased
neck pain and predicts less postoperative neurological
improvement. Despite this indications and standards for
surgical correction of cervical alignment are not well-defined.

Anterior cervical discectomy and fusion (ACDF) is a

common operation performed for neural decompression
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and treatment or prevention of myelopathy. It involves
removal of the degenerate disc at the pathological spinal
level and replacing it with a parallel or angled plastic or
titanium cage packaged with autologous or artificial bone
graft. Most ACDFs performed globally use cages of no more
than 10° lordosis. There is no published study examining
the utilisation of 15° hyperlordotic cages. It is unknown
whether these cages lead to a significant increase in device
level lordosis or merely an increase in disc space height. It

7 Spine Surg 2019;5(4):404-412 | http://dx.doi.org/10.21037/jss.2019.10.08


https://crossmark.crossref.org/dialog/?doi=10.21037/jss.2019.10.08

Journal of Spine Surgery, Vol 5, No 4 December 2019

Figure 1 Device level Cobb angle (DLCA) is measured by drawing
a line parallel to the inferior endplate of the upper operative
vertebral level, and another line parallel to the inferior endplate of
the lower operative vertebral level. The angle at which they meet is
the DLCA. The above patient will generate two separate DLCAs.

is also unknown whether these cages affect other clinically
significant parameters of spinal alignment. If it can be shown
that hyperlordotic cages result in consistently improved
cervical alignment, their wider utilisation can be statistically
justified, and their impact on disability scores and myelopathy
outcomes further explored.

There are no standardised methods of measuring
cervical alignment, nor universal definitions of threshold
parameter values. The Cobb angle is a commonly reported
measurement of cervical curvature from C1-7 or C2-7 (4).
Cobb angles are easily obtained and have excellent inter-
and intra-rater reliability. Normal cervical lordosis from C2
to C7 has been defined as approximately 9.6°, but can vary
from 5° to >40°, generally increasing with age.

Sagittal plane translation as measured by the sagittal
vertical axis (SVA) correlates with quality of life scores.
The C2 to C7 SVA is the distance between one plumb line
from the centre of the body of C2 and another plumb line
from the posterosuperior angle of the C7 vertebral body.
Variations include centre-of-gravity to C7 SVA and C1 to
C7 SVA. C2 to C7 SVA appears particularly relevant, with
a value of >40 mm significantly associated with worse neck

disability index scores (5).

Methods

This is a two-part retrospective analysis of radiological
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Figure 2 Segmental Cobb angle (SCA) is measured by drawing
a line parallel to the inferior endplate of the uppermost operative
vertebral level, and another line parallel to the inferior endplate
of the lowermost operative vertebral level. Perpendicular lines
are then drawn from each of the above two lines, and the angle at
which they meet is the SCA. SCA is different from DLCA only
in patients who had more than a single level ACDEF. Each patient
will generate one SCA. DLCA, device level Cobb angle; ACDE,

anterior cervical discectomy and fusion.

cervical parameters in two groups of patients. The first
group comprises of 40 consecutive patients who underwent
ACDF with plate by the third author using hyperlordotic
(15 degree) cages at Westmead Private Hospital in Sydney
Australia between 2015 and 2017. The second group
comprises 40 consecutive patients who underwent ACDF
with plate supervised by the third author using standard
lordosis cages at Westmead Public and Private Hospitals
in Sydney Australia between 2013 to 2017. The maximum
lordosis in the standard group was 8°. Radiographic images
were collected from multiple privatised and public hospital
picture archiving and communication systems (PACS).

Part one—comparison within groups

Within each patient group, the following pre and post-
operative radiographical parameters were measured:
device level Cobb angle at each operative level (Figure 1);
accumulative segmental Cobb angle for two or more levels
(Figure 2); Global C2—-C7 Cobb angle (Figure 3); C1-C7
SVA (Figure 4); C2—C7 SVA (Figure 5). These measurements

were acquired using the Surgimap™ program. The
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Figure 3 Global Cobb angle (GCA) is measured by drawing a line
parallel to the inferior endplate of C2, and another line parallel
to the inferior endplate of C7. Perpendicular lines are then drawn
from each of the above two lines, and the angle at which they meet
is the GCA. Each patient will generate one GCA.

preoperative mean of each parameter was compared with
the postoperative mean of the same parameter, and a
paired z-test was used to test the change observed for each
parameter, with an assigned 5% significance level.

Each group of patients was further dichotomized based
on age (<65 vs. 265 yo) and preoperative global alignment
(lordotic vs. kyphotic), and the postoperative changes
in the mean of each parameter were compared between
subgroups.

Part two—comparison between groups

Postoperative changes in the aforementioned cervical
alignment parameters were compared between hyperlordotic
cage patients and standard lordotic cage patients. The
significance of those changes was analysed with a paired
t-test with a 5% significance level. Subgroup analyses were
conducted in (I) patients with preoperative global lordosis;
(IT) patients with preoperative global kyphosis; (I1I) patients
<65 yo; and (IV) patients >65 yo. All data analysis was
conducted through the SPSS software.

Results

In the standard cage group, there were 18 females and
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Figure 4 C1-7 sagittal vertical axis (SVA) is the distance in mm
measured between a plumb line dropped from the anterior tubercle
of C1 and another plumbline dropped from the posterosuperior
aspect of the C7 vertebral body.

Figure 5 C2-7 sagittal vertical axis (SVA) is the distance in mm
measured between a plumb line dropped from the centroid of C2

and another plumbline dropped from the posterosuperior aspect of

the C7 vertebral body.

22 males. Patients were aged between 18 and 82 at time
of operation. In the fifteen-degree group, there were 13
females and 27 males. Patients were aged between 31 to
79 at time of operation (Zuble I). In this study kyphosis was
designated a negative number and lordosis was designated a
positive number.
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Part one—comparison within groups

Within the standard cage group, preoperative device level
Cobb angle ranged from -23.6° to 12.3°, with a mean of
0.3°. Postoperative device level Cobb angle ranged -14.2° to
16°, with a mean of 3.65°. There is a statistically significant
improvement of 3.35° towards lordosis. Preoperative
segmental Cobb angle for two or more levels ranged

Table 1 Patient characteristics

Characteristics Standard cage 15° cage

Male (%) 22 (55%) 27 (67.5%)
Female (%) 18 (45%) 13 (32.5%)
Age range 18-82 yo 31-79yo
C3/4 6 3
C4/5 15 11
C5/6 34 23
Ce/7 25 33
Single level 13 16
Two levels 17 18
Three levels 7 5
Four levels 3 1

Table 2 Comparison within each group

407

from -25° to 24.1°, with a mean of 2.23°. Postoperative
segmental Cobb angle ranged from -10.9° to 21.5°,
with a mean of 9.19°. There is a statistically significant
improvement of 6.96° towards lordosis. Preoperative global
Cobb angle ranged from -19.2° to 31.2°, with a mean of
8.94°. Post-operative global Cobb angle ranged from -16.7°
to 29.6°, with a mean of 13.08°. There is a statistically
significant improvement of 4.14° towards lordosis. Overall
standard cages showed a significant increase in device level
CA (P=0.000), segmental CA (P=0.0001), and global CA
(P=0.0094) (Table 2).

Within the hyperlordotic cage group, preoperative
device level Cobb angle ranged from -12.7° to 12.2°, with
a mean of 1.53°. Postoperative device level Cobb angle
ranged from -1.5° to 16.5°, with a mean of 6.77°. There
is a statistically significant improvement of 5.24° towards
lordosis. Preoperative segmental Cobb angle for two or
more levels ranged from -14.8° to 27°, with a mean of
3.37°. Postoperative segmental Cobb angle ranged from
-1.1° to 21.0°, with a mean of 13.34°. There is a statistically
significant improvement of 9.97° towards lordosis.
Preoperative global Cobb angle ranged from -11.5° to
34.3°, with a mean of 10.86°. Postoperative global Cobb
angle ranged from 3.6° to 39.1°, with a mean 18.13°. There
is a statistically significant improvement of 7.27° towards

Variables Pre OT, mean (SD) Post OT, mean (SD) CHANGE, mean (SD) P value
Standard cage
DLCA (°) 0.3 (56.97) 3.65 (4.91) 3.35 (6.76) 0.0000
SCA () 2.23 (10.15) 9.19 (6.25) 6.96 (7.77) 0.0001
GCA (°) 8.94 (11.83) 13.08 (11.08) 4.14 (9.45) 0.0094
C1-7 SVA (mm) 27.08 (14.01) 33 (14.55) 5.93 (16.07) 0.0267
C2-7 SVA (mm) 17.85 (10.96) 21.7 (11.53) 3.85(12.08) 0.0534
15° cage
DLCA (°) 1.53 (5.04) 6.77 (4.39) 5.24 (5.63) 0.0000
SCA () 3.37 (9.72) 13.34 (5.81) 9.97 (9.54) 0.0000
GCA (°) 10.86 (10.19) 18.13 (9.45) 7.27 (8.89) 0.0000
C1-7 SVA (mm) 33.88 (18.09) 38.2 (20.44) 4.32 (22.54) 0.2384
C2-7 SVA (mm) 22.42 (14.21) 25.11 (17.39) 2.69 (18.06) 0.3521

Italicized values are statistically significant. Both standard and hyperlordotic cages resulted in significant improvement in all Cobb angles.
DLCA, device level Cobb angle; SCA, segmental Cobb angle; GCA, global Cobb angle; SVA, sagittal vertical axis; SD, standard deviation.
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lordosis. Overall hyperlordotic cages showed a significant
increase in device level CA (P=0.00), segmental CA (P=0.00),
and global CA (P=0.00) (1able 2).

Within the standard cage group, preoperative C1-7
sagittal vertical axis ranged from 3 to 72.10 mm, with a
mean of 27.08 mm. Postoperative C1-7 SVA ranged from
7 to 61 mm, with a mean of 33 mm. There is a statistically
significant change of 5.93 mm (P=0.0267). Preoperative
C2-7 SVA ranged from -3 to 52.4 mm, with a mean of
17.85 mm. Postoperative C2-7 SVA ranged from -1.4 to
42.4 mm, with a mean of 21.7 mm. There is a change of
3.85 mm but this did not reach statistical significance
(P=0.0534) (Tuble 2).

Within the hyperlordotic group, C1-7 sagittal vertical
axis ranged from 8.9 to 88.5 mm, with a mean of 33.88 mm.
Postoperative C1-7 SVA ranged from -19 to 76.5 mm, with
a mean of 38.2 mm. There is an average change of 4.32 mm,
but this did not reach statistical significance (P=0.2384).
Preoperative C2-C7 SVA ranged from -2.3 to 66.8 mm,
with a mean of 22.24 mm. Postoperative C2-7 SVA ranged
from -25.50 to 57.9 mm, with a mean of 25.11 mm. There
is an average change of 2.69 mm but this did not reach
statistical significance (P=0.3521) (1able 2).

Analysis of variance was conducted for each parameter
at different cervical levels and for each number of operated
levels. Within the standard cage group, 6 patients had cage
insertion at C3/4, 15 at C4/5, 35 at C5/6, 25 at C6/7, and
between those levels there was no significant difference
for index level Cobb angle. Within the hyperlordotic cage
group, 3 patients had cage insertion at C3/4, 11 at C4/5, 33
at C5/6, 23 at C6/7, and between those levels there was no
significant difference for index level Cobb angle (standard
group P=0.2423; hyperlordotic group P=0.1926).

In the standard cage group, 13 patients had one level, 17
had two levels, 7 had three levels, 3 had four levels. In the
fifteen-degree group, 16 patients had 1 level, 18 had two
levels, 5 three levels and 1 patient had four levels. There was
no significant difference in segmental or global cobb angle,
nor in C1-7 or C2-7 SVA, between the various numbers
of operated levels in either the standard cage group or the
hyperlordotic group.

Each group of patients were further stratified for age.
Postoperative changes in device level, segmental level, and
global level Cobb angle were compared between patients
<65 yo and those >65 yo. Postoperative changes in C1-7 and
C2-7 SVA were also compared between the two age groups.
There was no statistically significant difference between the
two groups in any cervical alignment parameters for either
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the standard or the hyperlordotic cages.

Each group of patients were also stratified for initial
global alignment.

Within the standard cage group, patients who were
globally kyphotic had a larger statistically significant
improvement in device level Cobb angle than patients with
initial lordosis (P=0.0009). Segmental and global Cobb
angle changes were also larger in absolute values within the
kyphotic group than those in the lordotic group, but these
did not reach statistical significance (P=0.3737, P=0.3804).

In the hyperlordotic cage group, patients initially
kyphotic improved in all angular parameters to a larger
degree than people who were initially lordotic. Device
level, segmental, and global Cobb angle change differences
all reached statistical significance (P=0.0018, P=0.0270,
P=0.0162) (Table 3).

Part two—comparison between groups

Within the standard cage group, changes in device level
CA, segmental level CA, and global CA were 3.35°, 6.96°,
and 4.14° respectively. Within the hyperlordotic group,
those values were 5.24°, 9.97°, and 7.27° respectively.
There is a larger absolute change in all Cobb angles in the
hyperlordotic group, but these did not reach significance.
Differences in SVA changes between the two groups did not
reach any statistical or clinical significance (Table 4).

In the <65 yo group, the change in device level Cobb
angle in patients with standard cage insertion ranged from
-6.3° to 35°, with an average of 3.72°. The change in
device level Cobb angle in patients with hyperlordotic cage
insertion ranged from -2.5° to 18.9°, with a higher average
of 6.11°. This showed a statistically significant larger
change in device level Cobb angle postoperatively for the
hyperlordotic group (P=0.0492). This pattern was repeated
for segmental and global Cobb angles for the <65 yo patient
group, as well as for all Cobb angles for the >65 yo group,
but these did not reach statistical significance (Table 5).

In initially lordotic patients, the change in device level
Cobb angle in patients with standard cages ranged from -6.3°
to 13.3°, with an average of 0.98°. The change in device
level Cobb angle in patients with hyperlordotic cages ranged
from -10° to 14.3°, with a mean of 3.84°. This showed a
statistically significant larger change in device level Cobb
angle post operatively for the hyperlordotic group (P=0.0033).
This pattern was repeated for segmental and global Cobb
angles for the preoperatively lordotic group, as well as for all
Cobb angles for the preoperatively kyphotic group, but these
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Table 3 Subgroup analysis by pre-operative alignment within each group

409

Initial kyphosis

Initial lordosis

Variables P value
Mean (SD) No. Mean (SD) No.

Standard cage
ADLCA (°) 6.4 (8.11) 35 0.98 (4.16) 45 0.0009
ASCA (°) 8.01 (8.94) 16 5.43 (5.31) 11 0.3737
AGCA (°) 5.33 (10.07) 22 2.67 (8.4) 18 0.3804
AC1-7 SVA (mm) 4.95 (15.11) 22 7.12 (17.08) 18 0.6836
AC2-7 SVA (mm) 3.46 (10.5) 22 4.33 (13.75) 18 0.8303

15° cage
ADLCA (°) 9.01 (5.64) 19 3.84 (5.01) 51 0.0018
ASCA (°) 13.85 (9.73) 13 5.39 (6.93) 11 0.0270
AGCA (°) 11.69 (9.37) 16 4.33 (7.37) 24 0.0162
AC1-7 SVA (mm) 3.07 (26.42) 16 5.16 (19.5) 24 0.7945
AC2-7 SVA (mm) 2.03 (20.82) 16 3.13 (15.52) 24 0.8612

Italicized values are statistically significant. Within the standard group, patients who were initially kyphotic had a bigger improvement in
device level cobb angle than patients with initial lordosis. Within the 15° group, people who were initially kyphotic improved in all Cobb
angles to a larger degree than people who were initially lordotic. A, change in; DLCA, device level Cobb angle; SCA, segmental Cobb
angle; GCA, global Cobb angle; SVA, sagittal vertical axis; SD, standard deviation.

Table 4 Comparison between groups

Standard cage 15° cage
Variables P value
Mean (SD) No. Mean (SD) No.
ADLCA (°) 3.35 (6.76) 80 5.24 (5.63) 70 0.0666
ASCA (°) 6.96 (7.77) 27 9.97 (9.54) 24 0.2359
AGCA (°) 4.14 (9.45) 40 7.27 (8.89) 40 0.1369
AC1-7 SVA (mm) 5.93 (16.07) 40 4.32 (22.54) 40 0.7188
AC2-7 SVA (mm) 3.85(12.08) 40 2.69 (18.06) 40 0.7371

Mean change in DLCA, SCA, and GCA were larger in the 15-degree cage group than in the standard cage group, but these did not
reach statistical significance. SVA increased less in the 15-degree cage than the standard cage group, but these did not reach statistical
significance. A, change in; DLCA, device level Cobb angle; SCA, segmental Cobb angle; GCA, global Cobb angle; SVA, sagittal vertical

axis; SD, standard deviation.

did not reach statistical significance (Table 6).

Discussion

The cervical spine is the most mobile segment of the
spinal column, and cervical alignment is associated with
myelopathy and quality of life (6). Cadaveric and animal
studies indicate that kyphosis alone without necessary

© Journal of Spine Surgery. All rights reserved.

cord compression increases longitudinal cord tension
and intramedullary pressure, leading to neuronal loss and
demyelination likely due to vascular compromise (2,3).
Clinical studies show that kyphosis is associated with
increased neck pain before and after cervical operation (7).
Restoration or enhancement of cervical lordosis is therefore
as important a surgical goal as decompression of neural
structures in ACDF. Quantitative evaluation of the impact
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Table 5 Subgroup analysis by age between groups

Standard cage 15° cage
Variables P value
Mean (SD) No. Mean (SD) No.

<65 yo
ADLCA (°) 3.72 (6.59) 60 6.11 (4.96) 36 0.0492
ASCA (°) 7.83 (8.15) 19 9.69 (7.73) 11 0.5548
AGCA (°) 3.27 (9.57) 31 6.05 (7.65) 23 0.2507
AC1-7 SVA (mm) 5.71 (16.87) 31 5.91 (23.87) 23 0.9739
AC2-7 SVA (mm) 3.68 (12.77) 31 3.17 (19.12) 23 0.9127

>65 yo
ADLCA (°) 2.23 (7.14) 20 4.31 (6.22) 34 0.2954
ASCA (°) 4.9 (6.34) 8 10.21 (10.84) 13 0.1940
AGCA (°) 7.11 (8.35) 9 8.93 (10.29) 17 0.6476
AC1-7 SVA (mm) 6.66 (12.87) 9 2.18 (20.41) 17 0.5190
AC2-7 SVA (mm) 4.43 (9.31) 9 2.05 (15.91) 17 0.6482

Italicized value is statistically significant. In younger patients, postoperative change in DLCA is significantly greater in hyperlordotic cages
than standard cages. Other Cobb angle parameters trended similarly in both age groups but did not reach statistical significance. SVA
showed no fixed pattern of change in either age group. A, change in; DLCA, device level Cobb angle; SCA, segmental Cobb angle; GCA,
global Cobb angle; SVA, sagittal vertical axis; SD, standard deviation.

Table 6 Subgroup analysis by pre-operative alignment between groups

Standard cage 15° cage
Variables P value
Mean (SD) No. Mean (SD) No.

Kyphotic
ADLCA (°) 6.4 (8.11) 35 9.01 (5.64) 19 0.1805
ASCA (°) 8.01 (8.94) 16 13.85 (9.73) 13 0.1212
AGCA (%) 5.33 (10.07) 22 11.69 (9.37) 16 0.0623
AC1-7 SVA (mm) 4.95 (15.11) 22 3.07 (26.42) 16 0.8066
AC2-7 SVA (mm) 3.46 (10.5) 22 2.03 (20.82) 16 0.8086

Lordotic
ADLCA (°) 0.98 (4.16) 45 3.84 (5.01) 51 0.0033
ASCA (°) 5.43 (5.31) 11 5.39 (6.93) 11 0.9896
AGCA (°) 2.67 (8.4) 18 4.33 (7.37) 24 0.5204
AC1-7 SVA (mm) 7.12 (17.08) 18 5.16 (19.5) 24 0.7369
AC2-7 SVA (mm) 3.46 (13.75) 18 3.13 (15.52) 24 0.7976

Italicized value is statistically significant. In initially lordotic patients, postoperative change in DLCA is significantly greater in hyperlordotic
cages than standard cages. Other parameter changes did not reach clinical significance. A, change in; DLCA, device level Cobb angle;
SCA, segmental Cobb angle; GCA, global Cobb angle; SVA, sagittal vertical axis; SD, standard deviation.
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of ACDF prosthesis lordosis on cervical alignment has not
been widely reported in the literature. This study confirms
that ACDF with plate immediately improves cervical
lordosis, regardless of implant lordosis. Our data also
shows a trend suggesting increased implant lordosis results
in increased global lordosis, however this did not reach
statistical significance.

Several study limitations are identified. The retrospective
nature of this study generated inevitable bias. The standard
cage group was heterogeneous, with implant lordosis
ranging from 0° to 10°. The proceduralists, and specifically
their levels of experience, could not be controlled, especially
among the standard cage patient cohort who underwent
surgery in a public teaching hospital.

Imaging modalities were inconsistent in and between
patients. Imprecision is likely when measuring alignment
between modalities. Cervical alignment in the upright
position is most representative of daily living, so the
validity of supine MRIs and CTs is debatable. The utility
of this study in examining sagittal vertical axis was also
severely limited by the supine nature of some comparison
images. It is known that cervical alignment is intimately
related to thoracolumbar alignment (8,9), and the optimal
lordotic configuration of the cervical spine allows the
centre of gravity of the head over the femoral heads at rest.
Evaluation of sagittal vertical axis therefore should ideally
be based on standing 3-foot X-rays. Upright X-rays would
allow additional evaluation of chin-brow vertical angle, an
important parameter associated with quality of life (10).

This study’s clinical applicability is limited by its
timeframe. The surgical effect on alignment in the medium
to long term would be relevant, especially upon completion
of bony fusion. It may be argued, however, that immediate
postoperative assessment would be more reflective of the
prosthesis per se, whereas delayed radiological measurements
are confounded by other factors such as patient healing and
fusion integrity. The association between hyperlordotic
cages and subsidence is an important area for exploration,
and would require longer radiographical follow-up. It has
been suggested, however, that cervical lordosis may be
more important for long-term clinical outcome than cage
subsidence (11).

The findings of this study indicate that hyperlordotic
15° cages are comparable to standard lordosis cages in
improving cervical alignment, but do not statistically
support hyperlordotic cages over standard ones. A
prospective study involving a larger sample size with a
comparison of graded and controlled cage lordosis will be
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of value, ensuring that all radiographs are acquired upright
and modalities are consistent.

Conclusions

Hyperlordotic 15° and standard cages both significantly
improve cervical lordosis locally and globally. Hyperlordotic
cages tended to affect cervical lordosis to a larger degree
than standard cages, but were not shown to be statistically
superior to standard cages in this study.
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