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ABSTRACT

Background: Cervical spine balance and alignment targets after cervical spine surgery are poorly established in patients
with cervical spine degenerative disease surgically treated by anterior cervical discectomy and fusion (ACDF). The objective
of the study is to determine the correlation between radiological and clinical outcomes in patients surgically treated by ACDF
with 2 different stand-alone cervical cages.

Methods: Clinical outcomes were evaluated using visual analog scale (VAS), Neck Disability Index (NDI), Nurick Scale,
and Japanese Orthopedic Association score for myelopathy. Radiological evaluation included cervical and segmental Cobb
angles, cervical sagittal vertical axis (cSVA), T1 slope (T1s), CO-C2 angle, fusion rates, adjacent segment degeneration, and
cage subsidence.

Results: A total of 80 patients were included with an average age of 53 years. There was a statistically significant
improvement in both clinical and radiological evaluations. There was a statistical significant correlation between cervical pain
on cervical VAS and cSVA. There was a significant correlation between postoperative T1s and cSVA, related to the improvement
in cervical angles. There was no significant difference in rates of fusion, adjacent segment changes, or reoperation between both
cervical cages, and there was a higher rate of subsidence in the Aleutian group. There were significant differences between both

groups on postoperative NDI and VAS, but this difference is not maintained during follow-up.

Conclusions:

Cervical sagittal balance is directly related to clinical outcome in patients with cervical spine degenerative

disease. Both cervical implants analyzed were comparable in clinical and radiological outcomes.
Clinical Relevance: There are important clinical and radiological parameters that should be taken into account for the
analysis of the surgical outcome of patients treated by ACDF; this is one of the few studies that report the results with 2 different

cervical cage designs.
Level of Evidence: 4.

Cervical Spine

Keywords: cervical spine, sagittal balance, degenerative spine disease

INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) is
the treatment of choice for several cervical spinal dis-
eases; the aim of the procedure is to decompress neural
structures, improve patient symptoms, and restore cer-
vical spine sagittal balance and stability.

In recent times, several modifications have been
described to the original procedure developed by Smith
and Robinson for ACDF.! Those variations include the
use of cervical cages made of several materials instead
of autologous bone and the use of cages with or without

cervical plating. The stand-alone cervical cages (SAc)
have the advantages of less surgical time, less bleeding,
and less cervical tissue dissection, with a lesser ratio of
postoperative dysphagia and quicker recovery.

The maintenance of cervical alignment is an import-
ant factor, particularly in multilevel diseases, as mis-
alignment after spinal instrumentation can lead to
pseudarthrosis, cage subsidence, and neck pain, affect-
ing clinical outcome and quality of life.> Regardless,
cervical spine alignment targets after cervical spine
surgery are not well established.”*
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In this study, we assess the relationship between
regional cervical alignment and balance, and clinical
outcome in a series of patients with diagnosis of cer-
vical spine degenerative disease, surgically treated by
ACDF with 2 different SAc designs.

METHODS

We performed a retrospective analysis in a series of
patients treated between January 2012 and July 2019
with diagnosis of cervical spine degenerative disease,
who were surgically treated by ACDF with SAc at the
Clinical Hospital of Barcelona, Spain. This study was
performed in accordance with the ethical standards of
the research committees at the Hospital Clinic of the
University of Barcelona and with the 1964 Helsinki
declaration and its later amendments or compara-
ble ethical standards. Informed consent was obtained
from all individual participants included in the study.
The Institutional Review Board approval was obtained
prior to the study commencement (registration number:
HCB/2020/0802).

Patients

Inclusion criteria were as follows: (1) signs and
symptoms of cervical pain, cervical radiculopathy,
or spondylotic myelopathy; (2) cervical spondylosis
confirmed by x-ray images and magnetic resonance
imaging (MRI); (3) follow-up of >12 months; and (4)
cervical x-ray images for follow-up analysis.

Exclusion criteria were as follows: (1) previous cer-
vical spine surgery, (2) ossification of the posterior
longitudinal ligament, (3) invasive malignancy, (4) evi-
dence of systemic or local infection, and (5) patients
lost at follow-up.

Clinical and Surgical Evaluation

Clinical and surgical data were retrospectively col-
lected from hospital archives, analyzing preoperative
and follow-up evaluations; some patients with incom-
plete charts were contacted via e-mail or telephone. We
analyzed patients’ age, gender, medical and smoking
background, and bone densitometry, as prognosis
factors. For clinical outcome evaluation, we used pre-
and postoperative visual analog scale (VAS) for neck
and radicular pain, Neck Disability Index (NDI),
Nurick Scale, and Japanese Orthopedic Association
(JOA) score for myelopathy.® The NDI, VAS, JOA, and
Nurick scores were evaluated at every follow-up consul-
tation. Surgical outcomes were evaluated by analyzing

surgical complications, postoperative dysphagia, and
reoperation rates.

Radiological Evaluation

Front, lateral, and flexion/extension cervical x-ray
images were obtained before and after surgery, at first
and sixth month, and yearly thereafter (Figure 1). MRI
evaluation was made preoperatively in all patients;
postoperative MRI was only made in patients with poor
clinical outcomes.

The cervical angles evaluated were as follows
(Figure 1): (1) C2-C7 Cobb’s angle (cCobb), as the
angle between a line parallel to the inferior endplate of
C2 and a line drawn parallel to the inferior endplate of
C7’; (2) the Harrison posterior target method to calcu-
late C2-C7 angle (Harrison cervical angle [HCA]) as
the angulation between a line parallel to the posterior
wall of vertebral bodies of C2 and C7%; (3) cervical
segmental Cobb angle (sCobb) of fused segment align-
ment was measured between the upper endplate of the
most cranial vertebral body and the lower endplate of
the most caudal vertebral body of surgically treated
segment™™'’; (4) C2-C7 sagittal vertical axis (cSVA) as
the horizontal distance between vertical line from the
center of C2 and the posterior aspect of c7'; (5 T1
slope (T1s) as the angle between horizontal plane and
T1 upper endplate''; and (6) CO-C2 angle, as the angle
between McGregor line and the inferior surface of the
axis. Postoperative x-ray images were analyzed for
fusion, subsidence, and adjacent segment degeneration
(Figure 2). Fusion was defined as (1) movement <3° in
flexion-extension postoperative x-ray images, (2) pres-
ence of trabeculae bridging bone formation at the ante-
rior and/or posterior cortex of the involved vertebral
bodies, and (3) absence of radiolucency through the
fusion levels (Figure 2A)."*"* Adjacent segment degen-
eration was defined as (1) disc height decrease >25%,
(2) disc wedging >5°, and (3) osteophytes formation
with neural foramen and/or vertebral canal compres-
sion (Figure 2B).14’15 Subsidence was defined as a >3
mm decrease of the segmental height at postoperative
images (Figure 2C).'>"

Surgical Technique

A standard anterior cervical spine approach and
microscopic discectomies were performed. Any body
spur or uncovertebral joint, as well as the endplate car-
tilage, was removed using a curette or high-speed drill
under a surgical microscope. While applying vertebral
distraction, the cervical cage was inserted; the cages
were filled with demineralized bone matrix (Trel-XC,
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(A) Preoperative and (B) postoperative lateral x-ray images of a patient surgically treated with self-locking stand-alone anterior cervical discectomy and

fusion technique for cervical spine degenerative disease. The cervical regional sagittal balance parameters measured for the present study are shown: cCobb,
C2-C7 Cobb’s angle; HCA, C2-C7 angle measured with the Harrison’s method; sCobb, cervical segmental Cobb angle; cSVA, C2-C7 sagittal vertical axis; T1s, T1
slope; C0-C2, CO-C2 angle. HCA, Harrison cervical angle; cSVA, cervical sagittal vertical axis.

Integra, NJ, USA). Interbody instrumentation was per-
formed using SAc with (Coalition, Globus Medical,
PA, USA; Figure 3A) and without (Aleutian, Stryker,
MI, USA,; Figure 3B) self-locking systems. All proce-
dures were performed by experienced spinal surgeons.

Statistical Methods

Continuous variables were expressed as mean and
SD or median and interquartile range and were com-
pared using the Student ¢ test or the Mann-Whitney U
test according to the Kolmogorov-Smirnov test of nor-
mality. Qualitative variables were described by absolute
frequencies and percentages, and they were compared
using the y* test or Fisher’s exact test, when necessary.

The Pearson’s correlation model was applied to
establish a relation between continuous numeric vari-
ables. Relative risk and Pearson’s y” test were performed
to establish risk factors. The presence of interaction
and the role of confounding factors were evaluated.

Statistical significance was defined as a 2-tailed P <
0.05. The analysis was performed using SPSS, version
20.0 (SPSS, Inc, Chicago, IL, USA).

RESULTS

A total of 80 patients who met the inclusion criteria
were evaluated for this study, with an average age of 53
years, and cervical or radicular symptoms for a mean
period of 11.6 months. Twenty-four patients (30%)
were aged >60 years, 28 (35%) were smokers, and 15
of 24 (62.5%) patients evaluated for osteoporosis had a
densitometry T value <2.5. Mean preoperative cervical
pain was 7.1 (VAS), radicular pain was 7.3 (VAS), and
NDI was 40.2. Myelopathic symptoms were present
in 18.7% of patients (Nurick >1), and the mean JOA
was 15.6. Multiple-level disc degeneration was present
in 46.2% of patients (Table 1). Mean value for preop-
erative regional cervical radiological measures was
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Figure 2. (A) Lateral x-ray image of a patient treated with 3-level stand-alone anterior cervical discectomy and fusion (ACDF) technique who developed bony fusion
between intervened cervical levels. (B) Sagittal plane T2-weighted magnetic resonance image of a patient treated with single-level stand-alone ACDF technique
who developed adjacent segment disease. (C) Lateral x-ray image of a patient treated with 2-level stand-alone ACDF technique who developed subsidence of

intervened cervical levels.

(Figure 4) as follows: cCobb —10.6°, T1s 26.7°, HCA
17.8°, C0-C2 18°, cSVA 27.1 mm, and sCobb —1.7°.

Mean follow-up time was 22.5 months. Two patients
(2.5%) developed postoperative complications, 1
patient with neurological deterioration (sensitive dete-
rioration), and 1 patient with surgical site hematoma,
but none of them required new surgery; 4 patients had
long-term dysphagia (5%) (Table 2).

There was statistically significant postoperative
improvement in cervical and radicular VAS, NDI, and
JOA scores (Table 2). No statistical difference was
found between single- vs multilevel disease in clin-
ical outcome (cervical/radicular VAS, NDI, or JOA)
(Table 3). Six patients (7.5%) required new surgery.

Figure 3. Cervical cages: (A) Coalition, Globus Medical, PA, USA and
(B) Aleutian, Stryker, MI, USA.

Radiological Outcomes

There was statistically significant improvement in
postoperative cCobb (Figure 4A), cSVA (Figure 4E),
and sCobb (Figure 4F). No significant change was found

Table 1. Baseline characteristics of patients (N = 80).

Characteristics

Value

Age, y, mean (SD) (range)

53.15 (10.73) (30-78)

260y, n (%) 24 (30%)
Gender: female, n (%) 43 (53.7%)
Smokers, n (%) 28 (35%)
Osteoporosis, n (%) 15 (18.8%)
Outcome measure

VAS cervical pain, mean (SD) 7.15(2.1)

VAS radicular pain, mean (SD) 7.35(2)

Myelopathy symptoms (Nurick >1), n (%) 15 (18.75%)

NDI, mean (SD) (range) 40.21 (13.2) (14-80)

JOA, mean (SD) 15.67 (1.47)

Symptom duration, mo, median (IQR)
Type of spinal fusion, n (%)
Single-level fusion
Multiple-level fusion

11.6 (0.4-22.8)

43 (53.8%)
37 (46.2%)

C3-C4 6 (7.5%)
C4-C5 11 (13.8%)
C5-C6 20 (25%)
C6-C7 8 (10%)
C3-C5 2(2.5%)
C4-Co 3 (3.8%)
C5-C7 25 (31.3%)
C4-C7 5(6.3%)
Myelopathic changes on MRI 21 (26.3%)

Abbreviations: IQR, interquartile range; JOA, Japanese Orthopedic Association Scale;
MRI, magnetic resonance imaging; NDI, Neck Disability Index; VAS, visual analog scale.
Note: Statistically significant differences are shown in boldface.

“Evaluation on first postoperative mo; in parentheses, P value of independent samples ¢

test comparing preoperative vs postoperative evaluation.

"Last follow-up evaluation; in parentheses, P value of independent samples ¢ test

comparing postoperative vs last follow-up evaluation.
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Figure 4. Error-bar charts showing the mean changes in regional cervical sagittal balance parameters during time, measured in preoperative (Preop), postoperative
(Postop), and follow-up (last evaluation [Last Ev]) periods. (A) cCobb, C2-C7 Cobb’s angle; (B) T1s, T1 slope; (C) HCA, C2-C7 angle measured with the Harrison’s
method; (D) C0-C2, CO-C2 angle; (E) cSVA, C2-C7 sagittal vertical axis; and (F) sCobb, cervical segmental Cobb angle. P values were obtained with Student’s t test

for independent values, and significant values are highlighted in boldface.

in postoperative T1s (Figure 4B), HCA (Figure 4C), or
CO0-C2 angle (Figure 4D). There were no significant
changes in any of the cervical and radiological measures
during follow-up (Figure 4). There was a higher change
in segmental lordosis (sCobb) in patients with multi-
level disease than those with single-level surgery, but it
had no impact on cervical sagittal alignment (Table 3).

There was a statistical significant correlation between
cervical pain on VAS (cervical VAS) and cSVA; as with
less value of the cSVA, there was a better surgical result
related to cervical pain at the postoperative period. Also
there was a significant correlation between a decreased
angle between CO and C2 and less radicular pain on
follow-up evaluation. More positive (kyphotic) angles
between C2 and C7 (cCobb), and a higher CO-C2 angle
were both related to a significant higher risk of requir-
ing a new surgery during follow-up (Table 4).

In the preoperative radiological evaluation, there
was a significant Pearson’s correlation (CI = —-0.56, P

<0.0001) between T1s and cCobb, and this correlation
was maintained throughout the postoperative and fol-
low-up evaluations (Figure 5A, D and G). In the preop-
erative evaluation, there was no significant correlation
between T1s and cSVA (Figure 5B), but this changed
the postoperative (Figure SE; CI = 0.37, P =0.001) and
follow-up (Figure 5H; CI = 0.32, P = 0.003) evalua-
tions, related to the improvement in the cervical angles.

Radiological fusion was achieved in 85% of patients
(Figure 2A, Table 2), adjacent segment degeneration
was found in 5 patients (6.3%) (Figure 2B, Table 2),
and cage subsidence was found in 26 patients (32.5%)
(Figure 2C, Table 2). Patients with osteoporosis had a
significant higher risk (relative risk = 3.9, P <0.001) of
subsidence (Figure 6A). Age >60 years and multilevel
surgery had a minor but significant increase in the risk
of subsidence (Figure 6A). Osteoporosis and age >60
years were significant risk factors for adjacent segment
degeneration (Figure 6B). The subsidence, adjacent
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Table 2. Patient outcomes (N = 80).

Outcomes N (%)
Surgical technique

Stand-alone cages 35 (43.8%)

Self-locking stand-alone cages 45 (56.2%)
Follow-up, mo, median (IQR) 22.5(12-32.1)
Surgical complications 2 (2.5%)
Postoperative dysphagia

Transient (<1 month) 16 (20%)

Long term 4 (5%)
Fusion achieved 68 (85%)
Adjacent segment degeneration 5(6.3%)
Subsidence 26 (32.5%)
Required new surgery 6 (7.5%)

Pseudoarthrosis/subsidence 2 (2.5%)

Adjacent segment degeneration 4 (5%)

Postoperative® Last Evaluation”

Outcome measure

VAS cervical Pain 4.26 (0.001) 4.6 (0.147)
VAS radicular pain 3.91 (0.001) 4.3(0.1)

Myelopathy symptoms (Nurick 1) 15 (18.7%) 14 (17.5%)
NDI 27.4 (0.001) 29.33 (0.07)
JOA 16.97 (0.001) 16.95 (0.7)

Abbreviations: IQR, interquartile range; JOA, Japanese Orthopaedic Association
Scale; NDI, Neck Disability Index; VAS, visual analog scale.

Note: Data presented as n (%) unless otherwise indicated. Statistically significant
differences are shown in boldface.

“Evaluation on first postoperative month; in parenthesis, P value of independent
samples ¢ test comparing preoperative evaluation vs postoperative evaluation.
®Last follow-up evaluation; in parenthesis, P value of independent samples # test
comparing postoperative evaluation vs last follow-up evaluation.

Table 3. Correlation between cervical spine levels surgically treated, cervical
alignment, and clinical/radiological outcome.

Single Level, Mean  Multilevel, Mean
(SD) (SD) P?
Postoperative Clinical Status
NDI 25.4(13.9) 29.7 (19.2) 0.25
Cervical VAS 4.1(2.3) 4.4 (2.7) 0.5
Radicular VAS 39(2.2) 3.9(2.6) 0.9
JOA 16.9 (1.2) 17 (1.5) 0.8

Last Evaluation Clinical Status

NDI 27.5 (15) 31.4 (19.8) 0.3
Cervical VAS 432.4) 4.8(2.9) 0.4
Radicular VAS 422.7) 4.4(2.8) 0.7
JOA 17 (1.2) 16.8 (1.5) 0.6

Postoperative Cervical Angles

C2-C7 Cobb’s -13(15.5) —-16 (10.8) 0.2
angle

T1 slope 27.7(13.3) 27.8 (9.5) 0.9

C0-C2 angle 18.8 (12.6) 18.7 (10.8) 0.9

Cervical =5.1(7.1) -9.2(94) 0.02
segmental
Cobb angle

Harrison cervical 17.6 (11.4) 17.8 (9.7) 0.9
angle

Cervical sagittal 25.4(9.9) 23(9.9) 0.2

vertical axis

Abbreviations: JOA, Japanese Orthopedic Association; NDI, Neck Disability Index;
VAS, visual analog scale.
°t test for independent samples.

segment degeneration, or fusion index has not affected
the clinical outcome on follow-up (Figure 7), but those
were the main indications for new surgery (Table 1).

Surgical and Radiological Outcomes Between
the 2 Cervical Cages

Patients were treated with 2 cervical cages, Coalition
(Figure 3A) and Aleutian (Figure 3B); both groups were
comparable in age, gender, smoking habit, and osteo-
porosis background. Aleutian group had a significant
longer follow-up compared with the Coalition group
(23.8 vs 11.5 months, P < 0.0001). There was no sig-
nificant difference in rates of fusion, adjacent segment
changes, or reoperation between both groups, but there
was a higher rate of subsidence in the Aleutian group
(45.7% vs 22.2%, P = 0.02). There were significant
differences between both groups on postoperative NDI
(30.5+18.7vs23.4+13.4) and VAS (4.8 +£2.5vs 3.5+
2.2) with better postoperative outcomes in patients with
Aleutian cages, but this difference is not maintained
during follow-up (Table 5). On radiological evaluation,
both groups were comparable in cervical angles preop-
eratively, and there was only a significant difference on
postoperative cervical Cobb’s angle, but this difference
did not persist over time, as both groups had similar
cervical Cobb’s angles on last evaluation (Figure 8).

DISCUSSION

Cervical segment is the part of the spine with the
most mobility in the sagittal plane; when cervical spine
suffers degenerative changes, it has compensatory
mechanisms to maintain the position of the head over
the feet and to keep alignment and a horizontal gaze.
Understanding the behavior of the cervical spine during
degenerative processes is a challenge for the spine
surgeon.16 Many factors interact with the alignment and
balance of the cervical spine. In terms of the normality
of the measured parameters, the values vary widely in
the reported literature. It seems that factors, such as age,
sex, race, and methods for measuring can cause some
disparity.'” A preponderance of the literature analyzing
the correlation between sagittal imbalance and patient
outcomes is focused on the thoracolumbar or spinopel-
vic region, with little attention paid to studying the cer-
vical sagittal balance.'®

Patients with diagnosis of cervical spine degenera-
tive disease have different degrees of loss of cervical
sagittal alignment, which is a process that results from
the decrease in cervical disc height and causes changes
in the curvatures and progressive deformity of the
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Table 4. Correlation between clinical status and cervical alignment.

Postoperative Clinical Status

NDI Cervical VAS Radicular VAS

c* P c* P c* P
cCobb 0.049 0.66 —-0.15 0.16 -0.062 0.58
Tls —0.098 0.38 —0.056 0.62 0.02 0.98
C0-C2 0.08 0.67 —0.005 0.9 -0.022 0.84
sCobb 0.06 0.56 —-0.054 0.634 -0.036 0.75
HCA —0.122 0.28 0.045 0.69 0.032 0.78
cSVA —-0.059 0.6 -0.29 0.009 —-0.18 0.11

Clinical Status on Last Follow-Up Evaluation
NDI Cervical VAS Radicular VAS
(o P c P c* P
cCobb 0.16 0.147 0.06 0.54 0.11 0.31
Tls -0.16 0.156 -0.1 0.33 —0.06 0.55
C0-C2 0.011 0.92 —-0.11 0.3 -0.25 0.02
sCobb 0.184 0.1 -0.04 0.69 0.096 0.4
HCA -0.09 0.4 0.045 0.69 0.038 0.73
cSVA 0.035 0.75 -0.12 0.26 —0.068 0.54
Reoperation
Yes” No® P°

cCobb -4.7 -15.4 0.05
Tls 314 274 0.42
Co-C2 28.5 18 0.03
sCobb -5.6 -7.1 0.6
HCA 15.6 17.9 0.6
cSVA 26.3 24.1 0.6

Abbreviations: C0-C2, CO-C2 angle; cCobb, C2-C7 Cobb’s angle; cSVA, cervical sagittal vertical axis; HCA, Harrison cervical angle; NDI, Neck Disability Index; sCobb, cervical segmental Cobb angle; T1s, T1 slope; VAS, visual analog

scale.

“Pearson’s correlation coefficient.
"Mean value.

“t Test for independent samples.

cervical spine. The criteria for the physiologic recon-
struction of cervical spine sagittal balance have not
been defined.” ACDF procedures improve segmental
sagittal alignment, cervical overall shape, and angles,
but these changes are inconsistently related to higher
quality-of-life scores.?

We present a case series of patients with diagno-
sis of cervical spine degenerative disease and surgi-
cally treated by ACDF with stand-alone cages, and the
relation of their clinical and radiological outcomes to
regional cervical spine angles. The cervical regional
parameters were divided into 3 groups: (1) occipitocer-
vical parameters, measuring the angle between CO and
C2; (2) cervical sagittal shape and alignment, measur-
ing the cervical angle between C1-C2 and C7 with the
Cobb’s and Harrison’s methods, and segmental angula-
tion between surgically treated cervical segments with
the Cobb’s method; and (3) cervical sagittal balance
parameters, with the T1s and cSVA. We have chosen
those parameters, as they are the more consistent ones
reported in the literature.'® We found significant postop-
erative changes in cCobb, sCobb, and cSVA (Figure 4),
and we found a significant correlation between postop-
erative clinical status (cervical VAS score) and postop-
erative cSVA, suggesting that the cervical angulation

and alignment are as important factors as the cervi-
cal sagittal balance in obtaining a satisfactory clinical
outcome” (Table 4).

It has been emphasized the significance of Tls as
a useful parameter to evaluate the whole-spine sag-
ittal balance, and how its value can influence the lor-
dosis of the cervical spine and affect clinical outcomes
after cervical spine surgery. An increase in Tls can
occur with global sagittal positive misalignment, and it
causes the cervical spine to be titled anteriorly, with an
increase in the cSVA. With the increase of cSVA and
T1s, lower cervical segments need to be flexed, and
suboccipital segments are hyperextended, maintaining
horizontal gaze. If the patient is not able to compen-
sate high T1s with higher lordotic cervical curvature,
the patient may tip over into positive cervical sagittal
imbalance and experience pain and disability.'** We
found a significant correlation between T1s and cSVA
in the postoperative and follow-up evaluations that was
not present in the preoperative evaluation, and this was
related to the improvement of the cervical regional
angles and was significantly related to clinical improve-
ment (Table 4 and Figure 5). Although the association
between cervical spine angles and whole-spine sagittal
balance is controversial, cervical lordosis is thought to
be a compensatory mechanism to maintain equilibrium
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Figure 5. Scatterplots show the correlation between T1 slope (T1s) and C2-C7 Cobb’s angle (cCobb), cervical sagittal vertical axis (cSVA) and C0-C2 angle (CO-
C2) in preoperative (A), (B), and (C); postoperative (D), (E), and (F); and last follow-up evaluations (G), (H), and (I). Cl, Pearson’s correlations coefficient. Statistical

significant values were highlighted in bold.

and forward gaze of the head,11 and an analysis of the
improvement of cervical lordosis should be revised in
relation to the global spine sagittal balance.

Segmental alignment in cervical spine instrumented
segments is an independent factor in the analysis of
results after ACDF procedure and can be modified
during follow-up by cage subsidence, nonunion, and
adjacent segment degeneration. It has been reported
that local kyphosis at the fused segment is observed
in only 13% of patients with single-level fusion, but
in 53% of patients with multiple-level fusion.” A loss
of cervical global lordosis and lordosis at the instru-
mented cervical segment is documented during fol-
low-up in patients treated by ACDF with stand-alone
cages, compared with patients treated by ACDF with
cages and plates, and this could be related to a higher
index of subsidence,2 which is the most common com-
plication of ACDF using stand-alone cages. During the
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process of bone remodeling, settlement of the cage of
less than 2 mm into the vertebral bodies until fusion
is to be expected."® If cages subside >3 mm into the
vertebral body, disc space and neural foramina heights
both collapse.*** Subsidence is reported in 9.3% to
62.5% of cervical segments analyzed, it often occurs
within 3 months after surgery and results in sagittal
misalignment in most cases'? with segmental loss of
angulation as high as 8.7°. Clinical adjacent segment
pathology may affect 9% to 25% of all patients within
10 years after an anterior cervical arthrodesis, and risk
factors include pre-existing degeneration at the adja-
cent levels, previous cervical fusion, and sagittal cer-
vical misalignment.%‘28 High cervical cSVA, Tls, and
postoperative cervical kyphosis are related to adjacent
segment pathology requiring surgery.** Cage-only
technique seems to be associated with a 2- to 3-fold
decrease in the rate of ASD.”*' When single-level
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Figure 6. Foster plot with relative risk (RR) of developing (A) subsidence, (B) adjacent segment degeneration, (C) fusion, and (D) the need of reoperation in
the presence of multilevel surgery, age >60 years, smoking, and osteoporosis. P value was calculated with Pearson’s square X test, and significant results are

highlighted in bold.

ACDF is performed, fusion rates are high and compara-
ble with stand-alone techniques and anterior plating.*
In multilevel cervical disease, a bony fusion rate varies
from 78% to 100% and seems to be higher with cervical
plating.>***? We did not find a significant change in cer-
vical or segmental cervical lordosis during follow-up
in patients with single- or multilevel cervical surgery
(Table 3 and Figure 4) or a significant relationship
between subsidence, adjacent segment, fusion indices,
and number of levels surgically treated, with clinical
outcome (Figure 7),” but all patients who required new

surgery had diagnosis of pseudarthrosis, subsidence, or
adjacent segment degeneration. Risk factors for adja-
cent segment degeneration and subsidence were multi-
level surgery, osteoporosis, and age >60 years.

Our findings suggest that surgical goals of cervical
spine surgery for degenerative spine disease should be
focused not only on cervical spine alignment and angles,
but also in terms of cervical sagittal balance in order to
obtain satisfactory results. Patients with osteoporosis,
age >60 years and multilevel involvement, and cervical
alignment with kyphosis, could be better candidates for
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Figure 7. Error-bar charts showing the mean value of clinical parameters for evaluation of patients with cervical spine degenerative disease and their relationship
with postoperative subsidence, adjacent segment degeneration (Adj segment), and bony fusion (Fusion) following cervical sagittal vertical axis anterior cervical
discectomy and fusion technique. (A) NDI, Neck Disability Index; (B) cervical VAS, cervical pain visual analog scale; (C) radicular VAS, radicular pain visual analog
scale. + indicates that the factor (fusion, adjacent segment degeneration or fusion) was present; — indicates that the factor (fusion, adjacent segment degeneration
or fusion) was absent. P values were obtained with Student’s t test for independent values, and significant values were highlighted in bold numbers.

ACDF with cages and plate, as this procedure increases
lordosis in a higher value than stand-alone techniques
and possibly diminishes rates of subsidence, which
have an impact on reoperation rates.

Several cervical cages have been used for stand-alone
ACDF, but there are few studies that compare clinical
and radiological results. The first stand-alone cages
available were placed without fixation systems to the
adjacent vertebral bodies; these cages consist of poly-
ether ether ketone-based cages with antimigration teeth

that resists implant migration, 2 vertical x-ray markers
that facilitate proper implant position, and radiolucent
material that provides visibility of implant to observe
progression of bony union. More recently there are stand-
alone cages available with self-locking systems that
allow them to be fixated to the adjacent vertebral bodies
with rods or clips systems. Most of these implants are
also polyether ether ketone- and titanium-based cages,
and self-locking systems are made in order to prevent
migration of the implant. We compare the results with a

Table 5. Comparative analysis of clinical and radiological outcomes between patients surgically treated with Aleutian and Coalition cervical cages.

Characteristic Aleutian Coalition P
Age, y, mean (SD) 52.7 (10.6) 53.4(10.9) 0.56
Gender, women, % 65.7% 44.4% 0.06
Cervical levels, multilevel, n (%) 18 (51.4) 19 (42.2) 0.5
Smokers, % 37.1% 37.5% 0.9
Osteoporosis, % 22.5% 14.1% 0.06
Surgical complications, % 2.8% 2% 0.8
Follow time, mo, mean (SD) 23.8 (19) 11.5(7.3) < 0.0001
Neck Disability Index, mean (SD)

Preoperative 39.2 (10.4) 40.9 (15) 0.5

Postoperative 23.4 (13.4) 30.5(18.3) 0.05

Last evaluation 27.2 (15.5) 31 (18.7) 0.3
Cervical VAS, mean (SD)

Preoperative 6.9 (2.2) 7.2(2.1) 0.5

Postoperative 352.2) 4.8 (2.5) 0.02

Last evaluation 4.1 (2.3) 4.9 (2.8) 0.2
Radicular EVA, mean (SD)

Preoperative 7.4 2.2) 72 2) 0.7

Postoperative 34222 4.2 (2.5) 0.1

Last evaluation 4(2.4) 4.53) 0.4
Japanese Orthopedic Association Scale,

mean (SD)

Preoperative 15.7 (0.9) 15.6 (1.7) 0.7

Postoperative 17.2 (1) 16.8 (1.6) 0.2

Last evaluation 17 (0.9) 16.8 (1.5) 0.5
Fusion rate, % 91.4% 80% 0.15
Subsidence rate, % 45.7% 22.2% 0.02
Adjacent segment rate, % 8.5% 4.4% 0.4
Required new surgery, n (%) 4 (11.4%) 2 (4.4%) 0.2
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Figure 8. Error-bar charts showing the cervical radiological angles during preoperative (Preop), postoperative (Postop), and last evaluation (Last Ev), comparing
both surgical implants, Aleutian and Coalition cages. On boxes below the charts, the P value is shown comparing the Aleutian vs Coalition groups. (A) cCobb,
Cervical Cobb angle; (B) T1s, T1 slope; (C) HCA, Harrison’s cervical angle; (D) C0-C2, CO - C2 Cobb’s angle; (E) cSVA, cervical sagittal vertical axis; and (F) sCobb,

segmental Cobb’s angle of surgically treated level.

stand-alone cage (Aleutian, Figure 3B) and self-locking
stand-alone cage (Coalition, Figure 3A), and we found
several differences on clinical and radiological evalua-
tion. Patients tend to have better clinical outcomes on
immediate postoperative clinical scores with the Aleu-
tian cages, but this clinical benefit was lost on follow-up
(Table 5). On radiological outcome, the Coalition cages
tend to give a better cervical profile with higher cer-
vical lordosis achieved, but this benefit was also lost
during follow-up. The Aleutian cages had higher rates
of cage subsidence, but this had no clinical or radiolog-
ical impact during follow-up. With these results, we can
conclude that both cages are comparable as stand-alone
techniques for ACDF surgery.

This study has some limitations. It is a retro-
spective case series of patients, and selection bias
could have been introduced through the opinion of

including neurosurgery team in selecting the patients,
as we decided to perform a robust comparison. Cervi-
cal cage use on each patient was decided based on the
availability of the implants, and the Aleutian cage was
first available for the hospital, so this group of patients
had longer follow-up. Prospective studies with a com-
parative group of patients surgically treated with ACDF
with cages and plates are suggested with a complete
evaluation of sagittal spine balance, in order to establish
if there is a relationship between global spine sagittal
balance and clinical outcomes.

CONCLUSIONS

Cervical sagittal balance is an important parameter
directly related to clinical outcome in patients with
cervical spine degenerative disease surgically treated
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with ACDF. No significant clinical or radiological dif-
ferences were found between Aleutian and Coalition
implants, and even a higher incidence of subsidence
was found with Aleutian implant, there was no signifi-
cant clinical difference during follow-up.
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