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Abstract: Adjacent segment problems after cervical spine instrumentation are widely reported. They
can range from asymptomatic adjacent segment degeneration (ASD) noted on radiographs to symp-
tomatic adjacent segment disease and even instability. While ASD following anterior instrumentation
is well studied, there is a paucity of literature on ASD following posterior instrumentation. We
intended to identify the risk factors associated with ASD following posterior instrumentation, fo-
cusing on pre-operative and surgical parameters. Eighty-seven patients who underwent posterior
instrumentation of the cervical spine were recruited. Clinical and radiological examination was
performed preoperatively and up to 24 months postoperatively. The collected data included patient
demographics, indication for surgery, sagittal parameters (cervical lordosis, C2-7 sagittal-vertical
axis), technique of surgery, number of levels instrumented and fused, number of levels decompressed,
and the level at which the instrumentation ended. Based on postoperative evaluation, ASD was
found in 29.9% of the patients, of which, one patient was symptomatic and required reoperation.
Even though, according to our univariate analysis, reduced pre-operative cervical lordosis and the
indication of degenerative spondylosis seemed to significantly influence the occurrence of ASD,
multivariate regression analysis did not identify any independent risk factors. We also noted that,
even though patients may develop ASD after the instrumented fusion of the cervical spine, this may
not necessarily develop into symptomatic adjacent segment disease requiring revision surgery.
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1. Introduction

Adjacent segment problems after cervical spine instrumentation are widely reported
in the literature, with an incidence of 12% to 38% [1,2]. Both the proximal and the distal
junction adjacent to the fixed levels can undergo degenerative changes, and these can range
from adjacent segment degeneration (ASD), which is asymptomatic and noted only on
radiographs, to adjacent segment disease and even adjacent segment instability, which
typically require surgery [3]. Studies have investigated both proximal and distal junctional
ASD, and some studies focused mainly on the distal junction in terms of distal junctional
kyphosis [4,5]. However, the majority of the available studies focused on ASD after anterior
spine surgery [2,3,6,7], with few papers considering posterior cervical surgery [8]. ASD
from posterior spine surgery is unique in that, typically, in posterior spine surgery, longer
segments are fused, and the decompression of neural elements may be more extensive,
spanning longer segments or removing additional bony and ligamentous structures [9,10].

Another question that still remains about instrumentation in the posterior cervical
spine is how much of this risk of ASD can be attributed to the surgical procedure rather
than to a natural age-related degeneration. To date, no study has proven that a single risk
factor correlates directly with this pathology, and we intended to identify the risk factors
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associated with adjacent segment problems. In addition, the highly mobile nature of the
cervical spine brings with it challenges at every level. Previous studies have shown that
stopping an instrumentation at C4 and C5, which is considered the apex of cervical lordosis,
with highly mobile adjacent segments would cause problems [11]. Biomechanical studies
have also shown increased translation and rotational mobility at C2/3 and C7/T1; hence,
the concern would be that should the upper or lower instrumented level stop at these
levels, this would be a risk factor for the occurrence of adjacent segment degeneration [12].
Our study aimed to retrospectively look at all the factors involved, including pre-, intra-
and post-operative factors, and present data on the incidence and risk factors of ASD
and on its progression to symptomatic adjacent segment disease after posterior cervical
fusion surgery.

2. Materials and Methods

A retrospective analysis was conducted to assess the prognosis of patients who had
undergone posterior instrumentation of the cervical spine between January 2014 and De-
cember 2017 at our institute. This study with reference number 2019/00021 was approved
by the National Healthcare Group (NHG) Domain Specific Review Board (DSRB), Singa-
pore, and a waiver of informed consent was granted. Based on the inclusion criteria, we
recruited all individuals who underwent posterior instrumentation of the cervical spine
and were subjected to relevant radiological investigations (either X-rays or computed
tomography [CT] scans) pre- and post-operatively at 1, 3, 6, 12, 24 months. The follow-up
duration was 24 months, and the patients must have satisfied a minimum follow-up of
6 months to be included in the study. As for the exclusion criteria, we did not consider
patients with underlying inflammatory conditions such as rheumatoid arthritis, as well as
patients who had multi-level disease and underwent instrumentation which clearly did not
address the upper/lower levels. The demographic data recorded for each participant at the
beginning of the study included age, gender, body mass index (BMI), Charlson comorbidity
index, and smoking history.

2.1. Pre- and Intra-Operative Variables

We recorded each patient’s preoperative cervical lordosis, C2-7 sagittal vertical axis
(SVA), disc heights above and below the levels planned for instrumentation, and the
segmental angle of the instrumented vertebrae. We also recorded the number and location
of the levels operated on, the type of implant, the extent of decompression performed, the
levels of fusion, the technique of placing screws (freehand or navigated), and the type of
screws (lateral mass, pedicle, pars, etc.) placed.

2.2. Outcome Variables

We recorded the outcome variables at 1, 3, 6, 12, 24 months post-operatively. Two
separate blinded consultants analyzed plain X-rays or CT images looking for evidence
of adjacent segment degeneration or signs of adjacent segment instability. We recorded
post-operative cervical lordosis, post operative C2-7 SVA, and disc heights above and below
the levels of fusion. The disc height measurements were given importance as important
pathologies such as kyphosis or instability directly affect the disc height and are reflected
in the measurements. As such, the T1 slope, which is a variable of interest correlating to
distal junctional kyphosis, was not included into the analysis due to a lack of data. Apart
from these, we took note of complications that occurred within the 2 years of follow-up,
which included implant loosening noted on plain films and revision surgery resulting from
implant-related complications.

2.3. Definition of the Cervical Parameters

Cervical lordosis was defined as the cobb angle between the lower endplates measured
from C2 to C7 (Figure 1a) [13]. C2-7 SVA was the distance from the posterosuperior corner
of C7 to a vertical line from the center of the C2 vertebrae (Figure 1b) [13]. The disc height
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was measured at the midpoint of two adjacent endplates (Figure 1c) [14]. In cases where
the X-rays were not clear (predominantly, for lower cervical and upper thoracic region), the
disc heights were measured on CT scans.

Figure 1. Measurements. (a) Visual representation of the technique used to measure the cervical C2-7
Cobb angle, defined as the angle between the lower endplates of the C2 and C7 vertebra. (b) Visual
representation of the technique used to measure the cervical C2-7 sagittal vertical axis (SVA), defined
as the distance between the plumb line dropped from centroid of C2 and the posterior superior corner
of C7, marked as A in the Figure. (¢) Method used to measure the disc height on plain radiography
and computed tomography images. The 4 corners of the adjacent vertebrae are marked Al, A2,
B2, B2. A straight bisecting line C was drawn through the centers of A1/B1 and A2/B2. The sum
of the shortest distances from the midpoint of the upper and lower endplates to the bisecting line
corresponds to the disc height (a + b).

Adjacent segment degeneration was defined by new degenerative changes at a spinal
level adjacent to a surgically treated level. We referred to Alhashash et al.’s interpretation
of adjacent segment degeneration as the presence of loss of disc height, foraminal stenosis,
or osteophyte formation [11]. Any of these changes being present would indicate adjacent
segment degeneration. The loss of disc height was defined by a greater than 25% loss
of height compared with pre-operative parameters, as per the modified Matsumoto’s
classification [15].

We also looked for adjacent segment instability. As described by Alizada et al. [14], it
was defined as any increase in the cervical segmental curvature index (difference between
the heights of the anterior and posterior intervertebral spaces divided by the height of the
inferior adjacent vertebral body) or the presence of an angular or horizontal displacement
on adjacent levels.

2.4. Statistical Analysis

Statistical analysis was performed using Stata 13 (StataCorp, College Station, TX,
USA). Categorical variables are presented as numbers and percentage, while continuous
variables are presented as mean + SD (standard deviation). We used the 2 x 2 Fischer’s
exact test to determine the statistical significance for discontinuous variables between the
two groups, while the t-test was used to determine the significance for values following a
normal distribution. A p-value of <0.05 was deemed as statistically significant.
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3. Results

A total of 147 patients met the initial criteria. After exclusion, 87 patients were
recruited. The majority of those excluded were not considered due to a lack of adequate
follow-up data. Of the 87 patients included, 26 (29.9%) were found to have signs of ASD.
One patient required revision surgery for symptomatic adjacent segment disease with cord
compression. No instability was noted in any patient. Figure 2 shows a flowchart of the
patient recruitment and follow-up.

Patients screened for
eligibility =147

Patients excluded = 60
(Incomplete follow-up
or data)

Patients with signs of Patients without signs

ASD =26 of ASD =61

Patients with 24 months Patients with 24 months
follow-up =25 follow-up = 61

Patients who underwent
revision surgery within
24 months= 1

Figure 2. Flowchart showing patient recruitment and follow-up.

3.1. Patient Demographics

There were 21 females (24.2%) and 66 males (75.8%). The mean age was 65.4 years for
the group with ASD and 62.7 for the group without ASD. The Charlson comorbidity index
was 3 for the group with ASD and 2.5 for the group without ASD. The mean body mass
index (BMI) of both groups was comparable, at 25.7. The demographic information of our
study population is summarized in Table 1.

Table 1. Study population demographics.

Parameters Patients with Signs of Patients without Signs of Statistical Analysis
Adjacent Segment Problems Adjacent Segment Problems (p Value *)

n 26 61

Age 65.4 +10.1 62.7 +11.4 0.29

Gender Male = 20; Female = 6 Male = 46; Female = 15 1.0

Charlson Comorbidity Index 3 £ 1.6 25+14 0.19

Body Mass Index 257+3.3 257 +37 0.98

* A “p” value of less than 0.05 was considered statistically significant.

3.2. Pre-Operative Parameters: Pre-Operative Cervical Lordosis and Indication for Surgery

The pre-operative cervical lordosis was 3.6 £ 12.1 degrees for patients with signs
of ASD and 10.5 & 12.8 degrees for patients without ASD. This result was statistically
significant, with p = 0.02. We also further stratified the patients according to the indication
for surgery and its relationship with patients developing ASD. Seventy-three patients
underwent posterior cervical spine surgery for degenerative conditions, eleven patients for
trauma-related reasons, and three patients for instability-related conditions. None of the
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patients who underwent surgery for trauma- or instability-related conditions developed
ASD. We found that 26 patients (35.6%) who underwent surgery for degenerative conditions
developed ASD, while 47 (64.4%) patients in this sub-group did not develop ASD. The
pre-operative parameters are presented in Table 2.

Table 2. Study population demographics.

Pre-Op Parameters Patients with Signs of Patients without Signs of Statistical Analysis
Adjacent Segment Problems  Adjacent Segment Problems  (p Value *)

n 26 61

Pre-operative

Pre-op C2-7SVA ! 24.8 £ 15mm 19.3 + 14.6 mm 0.11

Pre-op disc height above fusion level 6.1 + 1.1 mm 59 £1.0mm 0.26

Pre-op disc height below fusion level 5.2 +1.5mm 57+ 1.3 mm 0.12

Pre-op cervical lordosis (C2-C7) 3.6 £ 12.1 degrees 10.5 + 12.8 degrees 0.02

Indication for surgery

Trauma 0 11 0.02

Instability 0 3 0.55

Spondylosis 26 (100%) 47 (77%) 0.008

a1

The values are presented as mean = standard deviation or n (%); ! SVA: sagittal vertical axis; * A “p” value of less
than 0.05 was considered statistically significant; due to a lack of measurement data, 3 patients without signs of
adjacent segment problems were excluded from the analysis of the disc height.

3.3. Surgical Parameters: Does the Technique of Screw Placement or the Extent of Decompression
Affect the Development of ASD?

In the cohort examined, 55 patients underwent surgery with screws placed via free-
hand techniques using intraoperative imaging X-rays, while 32 patients had screws placed
using O-arm navigation, performed with an intraoperative computerized tomography
scan of the cervical spine. We found that 16 of the 55 (29.1%) patients with free-hand
screws developed ASD, and 10 of the 22 (45.5%) patients with navigated screws developed
ASD. The technique of screw placement did not significantly affect the development of
ASD. There was also no significant difference between the number of levels fused and the
extent of decompression when comparing the patients with ASD and those without ASD.
The mean number of levels fused for the patients with ASD was 4.1 & 0.9, while that for
the patients without ASD was 4.5 &+ 1.6. The mean number of levels of decompression
performed for the patients with ASD was 3.8 £ 1.1, while that for the patients without ASD
was 3.9 & 1.5. These results are summarized in Table 3.

3.4. Surgical Parameters: Does the Extent of Fusion Affect the Development of ASD?

Seventy-eight patients had cervical-only fusions (instrumentation limited up to C7),
while nine patients had their instrumentation extending down to the cervico-thoracic
region. We found that 25 of the 78 (47.2%) patients with cervical-only fusions developed
ASD, while 1 of the 9 (12.5%) patients with cervico-thoracic fusions developed ASD.

When analyzing the individual levels of cervical fusion, 19 patients had their upper or
lower fusion segment ending at C4 or C5. Of these 19 patients, 8 developed ASD (42.1%).
The remaining 68 patients had a cervical instrumentation and fusion that spanned across
the apex of the normal cervical lordosis (i.e., the instrumentation extended to C2, C6, or
C7). We found that 18 of the remaining 68 patients (26.5%) with their upper or lower
fusion ending at C3, C6, or C7 developed ASD. However, this result was not statistically
significant, with a p value of 0.25.

3.5. Post-Operative Parameters: C2—7 SVA and Disc Heights

We analyzed the preoperative vs. postoperative C2-7 SVA and disc heights to see if
changes in these parameters were correlated with a higher chance of adjacent segment
disease. Patients with ASD had a higher pre-op C2-7 SVA of 24.8 £ 15 mm, while those
without ASD had a pre-op C2-7 SVA of 19.3 £ 14.6 mm (Figure 3). At 1-year post-op, the
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patients with ASD had a C2-7 SVA of 48.7 & 68.8 mm, whilst those without ASD had a
C2-7 SVA of 25.8 £ 15.3 mm (p = 0.01).

mm

60

50

40

30

20

10

C2-7 SVA variation after surgery

Pre-op 1 month

6 months 12 months

==@==Patients with adjacent segment problems

=@==Patients without adjacent segment problems

Figure 3. Line chart showing the pre- and post-operative variation in SVA.

Table 3. Surgical and post-operative parameters.

Parameters Patients with Signs of Patients without Signs of Statistical Analysis
Adjacent Segment Problems  Adjacent Segment Problems  (p Value *)
n 26 61
No. of free-hand surgeries 16 39 1.0
No. of navigation-assisted surgeries 10 22
Mean no. of segments fused 41+09 45+1.6 0.12
Mean no. of decompression levels 38+11 39+15 0.90
No. of cervical-only fusions 25 53 0.26
No. of cervico-thoracic fusions 1 8
NOI of patients with upper or lower 8 1 0.25
fusion segment at C4 or C5
No. of patients with fusion segment 18 50
extending above C3 or beyond C5
No. of patient with more than a 20°
. 1 1 0.51
post-op loss of lordosis in 1 year
1-year post-op C2-7 SVA 48.7 + 68.8 mm 25.8 £ 15.3 mm 0.01
1-y§ar post-op disc height above the 57+ 11 mm 594 1.0 mm 04
fusion level
1-year post-op disc height below the 48+ 13 mm 57+ 1.3 mm 0.006

fusion level

a1

The values are presented as the number of cases or the mean + standard deviation; * A “p” value of less than 0.05
was considered statistically significant; due to a lack of measurement data, 7 patients without signs of adjacent
segment problems were excluded from the analysis of the disc height.

Pre-op disc height changes above and below the fusion levels were comparable be-
tween the two groups, with an average disc height above the fusion level of 6.1 = 1.1 mm
for the patients with ASD and of 5.9 £ 1.0 mm for those without ASD, and a disc height
below the fusion level of 5.2 & 1.5 mm for the patients with ASD and of 5.7 £ 1.3 mm for
those without ASD. At 1-year post-op, the disc height above fusion level for the patients
with ASD was 5.7 + 1.1 mm, and that for those without ASD remained at 5.9 & 1.0 mm.
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Similarly, the disc height below the fusion level for the patients with ASD showed a mini-
mal drop to 4.8 £ 1.3 mm, and that for those without ASD remained at 5.7 = 1.3 mm. These
changes were non-significant in comparison to the values measured preoperatively. The
surgical and post-operative parameters are presented in Table 3.

Of the 26 patients with adjacent segment degeneration, 1 patient underwent a revision
operation. The revision operation was performed in a patient with previous instrumenta-
tion from C3 to T2, who subsequently developed symptomatic adjacent level disease at
C1/C2 with cord compression. The instrumentation was revised up to C1.

3.6. Multivariate Binary Logistic Regression Analysis

Upon performing a multivariate binary logistic regression with the dependent variable
being the outcome of ASD and the covariates being age, gender, Charlson comorbidity
index, indication of spondylosis, BMI, pre-op cervical lordosis, C2-7 SVA, no of levels
decompression, number of levels fused, and disc height above and below the fusion levels,
it was found that none of these variables were independent risk factors of ASD (Table 4).

Table 4. Multivariate Binary Logistic Regression.

95% Confidence Interval for Exp (B)

Variables df Significance Exp (B)
Lower Upper
Age 1 0.732 1.017 0.925 1.117
Sex (Categorical) 1 0.728 1.304 0.292 5.815
Charlson comorbidity index 1 0.620 1.188 0.601 2.348
Body mass index 1 0.836 0.979 0.805 1.192
Pre-operative cervical lordosis 1 0.285 0.966 0.907 1.029
Spondylosis (Categorical) 1 0.999 0.000 0.000
Pre-operative SVA 1 0.172 1.039 0.984 1.097
Disc height above the fusion level 1 0.959 1.021 0.467 2.232
Disc height below the fusion level 1 0.252 0.733 0.431 1.247
Decompressed levels 1 0.967 1.024 0.330 3.184
Segments fixed 1 0.555 0.666 0.173 2.563
Constant 1 0.882 2.490

Even though reduced preoperative cervical lordosis and the indication of degenerative
spondylosis may have shown an influence over occurrence of ASD according to our uni-
variate analysis, the multivariate regression analysis did not identify them as independent
risk factors.

4. Discussion

This study aimed to identify the risk factors for ASD following the posterior instru-
mentation of the cervical spine. One interesting finding of this study is that patients with a
smaller degree of preoperative cervical lordosis were associated with a higher incidence
of ASD. This is in line with the evidence highlighted by Scheer et al. [16] and Zhang
et al. [17], who concluded that a pre-existing loss of normal cervical lordosis is a risk factor
for developing ASD. This was observed in patients who underwent anterior surgery. No
comparative studies on ASD after posterior cervical spine surgery were found. In our two
groups of patients with and without ASD, a relatively minor difference of 6.9° in cervical
lordosis yielded a significant outcome, whether or not they developed ASD (3.6° vs. 10.5°),
which suggests the importance of each degree of restoration of cervical lordosis to minimize
ASD. However, this must be interpreted with caution, since our multivariate regression did
not identify any independent risk factors.

4.1. Patient Demographics and Incidence of ASD after Posterior Cervical Spine Surgery

Our study found an incidence of ASD associated with posterior cervical spine surgery
of about 30% at 2 years. This is slightly lower than the incidence determined in other studies
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which examined ASD after anterior cervical spine surgery, with Matsumoto et al. [15]
reporting a prevalence of ASD of 42.9-45.3%, and Kim et al. [18] showing a prevalence of
ASD of 40.74%. However, we do know that adjacent segment disease occurs in anterior
cervical procedures at an average rate of 2.9% per year [19], and our study followed up
patients only up to 2 years. It is likely that a longer follow-up may have given a clearer
picture regarding the exact incidence. Other demographic parameters such as age, Charlson
comorbidity index, and patient’s body mass index did not have any significant impact on
the development of adjacent segment disease.

Another important finding of our study is that all cases of adjacent segment degenera-
tion were patients who underwent surgery for degenerative conditions such as cervical
spondylosis. Patients who underwent posterior cervical fusion for trauma-related condi-
tions such as fractures or ligamentous injuries did not develop adjacent segment disease.
This is in agreement with other studies that showed that ASD develops as a consequence
of the natural history of progression of degenerative changes combined with the loss of
mobility of the fused and instrumented levels [11]. It is possible that these patients had
already undergone degenerative changes at the adjacent levels, which were not apparent
on imaging, and surgery accelerated the degenerative process.

4.2. C2-7 SVA and ASD

When looking at the surgical parameters that may affect adjacent segment degenera-
tion, post-op C2-7 SVA is an important marker that tells a clinician the sagittal alignment
after fusion and instrumentation. We found that patients with signs of ASD had a greater
(more lordotic) post-op C2-7 SVA (48.7 £ 68.8 mm) at 1 year compared to the group with
ASD (25.8 £+ 15.3 mm). Many papers have emphasized the importance of restoring the
sagittal alignment in patients after posterior cervical fusion [20,21], and having a lower
C2-7 SVA prevents cervical spine decompensation, which minimizes the development of
ASD. On the basis of our data, we believe that an adequate restoration of the C2-7 SVA is
essential and that aiming for a lower C2-7 SVA, which needs to be maintained throughout
the follow-up, would be protective against developing ASD.

4.3. Levels of Fusion and ASD

Surgical factors that were previously identified to influence ASD (mean number of
segments fused, cervical-only fusions versus cervico-thoracic fusions, stopping the fusion
at the level C5) did not turn out to be significant risk factors in our cohort [1]. Though the
result was not significant, we did notice a trend toward fewer cases of ASD in the group
with cervico-thoracic fusions or fusions extending longer (to C2, C6 or C7), and this was
likely due to the extension of the instrumentation and fusion across longer segments and
the avoidance of more mobile segments at C4 or C5. In addition, the placement of cervical
screws via the free-hand or the navigated technique did not make any significant difference
with respect to the development of adjacent segment degeneration.

4.4. Is the Upper or the Lower Segment More Affected by ASD?

We further stratified the patients according to the levels of adjacent segment degener-
ation to determine if which level would be more affected. On comparing the 1-year disc
heights between patients with and without ASD, statistical significance was noted. How-
ever, given the minimal loss found in comparison to that measured in the pre-operative
status, the clinical importance of this observation is questionable. One additional factor
that was not measured in this study is junctional kyphosis, both proximal and distal. This
measurement might have provided a clearer picture to answer the question of whether
the upper or the lower segment is more affected; hence, this should be considered as a
limitation of this study.
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4.5. Adjacent Segment Degeneration Versus Adjacent Segment Disease

A distinction should be made between adjacent segment degeneration (asymptomatic,
radiographic findings only) and symptomatic adjacent segment disease. In our study, one
case required revision surgery to address the problem of adjacent segment disease. The
majority of our patients were either asymptomatic or had minor symptoms; thus, even if
there were radiographic features of ASD, this would likely not progress to symptomatic
adjacent segment disease in the short time.

4.6. Limitations

There are several limitations to this study. Firstly, adjacent segment disease is known to
occur even many years after fusion surgery, and hence, our follow up results at 24 months
may not have captured the full spectrum of patients who would develop ASD after pos-
terior instrumentation of the cervical spine [22]. In addition, ideally, we should have
performed a post-operative magnetic resonance imaging at each follow-up for a better
evaluation of the patients” ASD, as this would have allowed us to determine the extent of
disc degeneration and disc protrusion and the presence of foraminal stenosis as outlined
by Matsumoto et al. [15]. Regarding the measurements, we considered C2-C7 SVA and
cervical lordosis measured at one month as the post-operative measurement. In both these
measurements, we noted there was not much change in the measured angles. With this
data, we are not able to directly answer if excessive or under-corrected cervical lordosis
or SVA is a definite risk factor for ASD. Lastly, we did not analyze implant-related factors
such as length of the screws, types of screws, and the use of biologics to augment fusion,
which may have influenced the occurrence of ASD.

5. Conclusions

ASD was found to be present in about 30% of our selected cohort who underwent
posterior instrumentation of the cervical spine. Even though, according to our univariate
analysis, reduced pre-operative cervical lordosis and the indication of degenerative spondy-
losis seemed to significantly influence the occurrence of ASD, multivariate regression
analysis did not identify any independent risk factors. However, we noted a worsening of
the cervical sagittal profile as indicated by the C2-7 SVA measurements at 1 year follow-up
in the patients with ASD. This highlights the importance of restoring the cervical sagittal
profile, which needs to be maintained throughout the follow-up to reduce the risk of ASD.
We also noted that, even though patients may develop ASD after the instrumented fusion
of the cervical spine, this may not necessarily develop into symptomatic adjacent segment
disease requiring revision surgery.
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