Evaluation of changes in cervical sagittal balance and clinical parameters
in patients undergoing two-level anterior cervical discectomy and fusion
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Abstract

Background. Anterior cervical discectomy and fusion (ACDF) is an effective method in treating cervical
sagittal imbalance and spine deformations.

Objectives. To assess whether changes of the Cobb angle, sagittal vertical axis (SVA) and T1 slope parameters
affect the outcomes of a surgical treatment.

Materials and methods. A prospective study was performed in 30 patients qualified for surgical treatment
for cervical degenerative disc disease. The ACDF was performed on 2 levels. Every patient underwent an X-ray
examination before surgery and 3 months after the procedure. The following parameters were assessed: the T1
slope, the angle of cervical lordosis, the SVA distance, quality of life assessed using the Neck Disability Index
(NDI), and perceived pain measurement assessed using the Visual Analogue Scale (VAS).

Results. The cervical lordosis angle significantly changed (p < 0.01) to an average of 11.52°. The SVA
(2-(7 distance significantly decreased (p < 0.001) to an average of 21.06 mm. The value of the T1 slope
angle did not change significantly before and after surgery (p = 0.706). After surgery, statistically significant
improvement was achieved on the NDI scale for neck pain (p < 0.001) to an average of 9. The NDI score
significantly decreased over time (p < 0.001), and this change was significantly related to the increased
Cobb angle (p=0.036).

Conclusions. The improvementin cervical lordosis C2—C7 can improve the outcomes of surgical treatment.
Preoperative analysis of X-rays and sagittal balance parameters may be beneficial for treatment outcomes.
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Background

Anterior cervical discectomy and fusion (ACDEF), which
was first described by Smith and Robinson, is considered
one of the most effective surgical treatments for cervi-
cal discopathy, as it provides safe access to disc spaces
from the C3 to C7 levels.! It is a very effective method
for treating spinal canal stenosis, spinal cord and nerve
root compression, and when correcting cervical spine
deformities with improvement of alignment of the seg-
ment in the sagittal projection.? In Poland, the technique
of the anterior approach to the cervical spine was first
applied by Jan Haftek in 1967.

The ACDF is performed under general anesthesia with
the patient lying in a supine position with their neck ex-
tended. The appropriate level of the spine is determined
with the use of the C-arm. A transverse incision is made
on the anterolateral side of the neck and dissection
of the muscles is performed. The discectomy and removal
of osteophytes and ligaments is performed at the next step
with the use of a microscope. To restore its height and
stabilize the spine, a cage implant is placed into the inter-
vertebral space under C-arm guidance.®*

The anatomical structure of the vertebrae and the shape
of the disc spaces ensure the positioning of the cervical
spine in the lordosis position. To assess cervical lordosis,
the cervical angle is measured (Cobb angle) as follows: lines
are drawn along the upper endplate of the C2 vertebrae
and the lower endplate of the C7 vertebrae and the angle
between these 2 lines, where they intersect, is measured.
The alternative way is to draw this line between the C1 and
C7 vertebrae; however, the Cobb angle measured in this
way is considered to be overestimated. The range of val-
ues of the Cobb angle that are considered correct has not
yet been established; however, values up to 40° +9.7° are
accepted as proper.® Alterations in the angle of cervical
lordosis can cause neck pain or even lead to disability.®

One of the parameters used to assess cervical sagittal
balance is the sagittal vertical axis (SVA) value. The SVA
is a clinically significant parameter showing the corre-
lation with quality of life assessed by the health-related
quality of life (HRQOL) index. Higher SVA values are as-
sociated with greater pain and worse assessment of qual-
ity of life.” Kato et al. reported that a SVA value greater
than 35 mm is associated with significant intensification
of neck pain after surgery.® The SVA is the horizontal
distance between the posterior superior endplate of C7
and the vertical line from the center of the C2 vertebrae.
The center of C2 is determined by the intersection of aline
drawn from the base of the dens to the lower endplate
of C2. The average SVA C2-C7 distance in healthy indi-
viduals is up to 20 mm.? The T1 slope is the angle between
the upper endplate of the T1 vertebrae and a horizontal
line. This parameter is equivalent to the pelvic incidence
angle in pelvic parameters. It is possible to measure C7
slope as a substitute for T1 slope when it is impossible
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to visualize T1 vertebrae on lateral X-ray, e.g., due to a high
position of the shoulders.!® The T1 vertebrae is the con-
nection between the mobile cervical spine and the much
less mobile thoracic spine. It is a segment where thoracic
kyphosis turns into cervical lordosis. The C2—C7 lordosis
angle may increase with T1 slope.!! The results of previ-
ous studies suggest that some values of T1 slope increase
the risk of initiating degenerative changes. A T1 slope angle
lower than 18.5° may be associated with a higher risk of de-
veloping cervical myelopathy.!2

Other radiological parameters that may be useful for as-
sessing cranio-cervical balance are the chin-brow vertical
axis (CBVA), cranial slope and cranial tilt. One limitation
of these parameters is the necessity of radiographic ex-
amination not only of the spine but also of the skull, which
increases the patient’s exposure to X-rays.

Objectives

Our hypothesis is that increasing the cervical lordosis
angle changes the other sagittal balance parameters (e.g.,
SVA, T1 slope). Changes in the aforementioned parameters
may affect the outcomes of surgical treatment. The aim
of this work is to assess whether changes of the Cobb angle,
SVA value and T1 slope parameters affect the outcomes
of surgical treatment. Our study is based on the assessment
of lateral X-rays taken before surgery and 3 months post
surgery in patients treated with ACDF on 2 levels.

Materials and methods
Patients

We recruited 60 patients with two- and one-level cervi-
cal discopathy. In the present study, the group of patients
that underwent two-level ACDF (n = 30) was assessed.
The inclusion criteria were as follows: age above 18 years;
symptomatic two-level cervical discopathy; and the pres-
ence of at least 2 of the following symptoms of discopathy:
pain in the cervical spine, radicular symptoms and neuro-
logical deficits in the upper or lower limbs. Patients who
had undergone surgery of the lumbar spine were excluded
from this study. Patients for whom surgery would require
the use of a front plate were also excluded because the use
of a plate may affect the correction of the C2—C7 cervical
lordosis angle. Bone fusion of the operated segments takes
place at the angle of local lordosis of the operated seg-
ment set by the implant. In order to avoid potential bias,
this study excluded patients with previous cervical spine
surgeries; implants manufactured by only 1 company were
used and all patients wore the cervical collar for the same
amount of time.

All patients were qualified for surgical treatment for
cervical degenerative disc disease and the ACDF was
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performed on 2 levels. All patients were treated in the De-
partment of Neurosurgery and Spine Surgery, Regional Hos-
pital of Kielce, Poland, and were operated on by the same
surgeon. Patients included in the study were operated be-
tween February 2019 and January 2020. The follow-up
period was 3 months and the last follow-up examinations
took place in April 2020. Three patients were excluded due
to failure to attend the follow-up examination.

Assessment of the sagittal balance
parameters of the cervical spine

Measurement of sagittal balance was based on assess-
ment of lateral projection of X-rays made in a relaxed
standing position. The following angles were assessed:
the T1 slope, the angle of cervical lordosis (the curvature
of the lower cervical spine C2—C7) and the SVA value
(the distance between the center of the C2 vertebrae and
the posterior superior endplate of C7). Analysis of the ra-
diographs and measurement of the sagittal balance param-
eters were performed using Surgimap software (v. 2.2.15.5,
OS X; www.surgimap.com). Each measurement was per-
formed twice, and the average was taken in order to reduce
measurement error. Surgimap software is characterized
by a very high accuracy and low measurement error. Lafage
et al. demonstrated excellent Surgimap software accuracy
in their work where they assessed the parameters of lum-
bar sagittal balance using the mean absolute difference
from validated measurements for SVA value of 2.04 mm,
and the mean difference between 2 rounds of measure-
ment was <0.3 mm for SVA.!3

Surgical technique and assessment
of surgical outcomes

All patients underwent surgical nucleotomy performed
on 2 levels. Cervical interbody 0—4° polyetheretherketone
(PEEK) cages or cages with a screw locking mechanism
were used during surgery. No plates were used. All pa-
tients had an X-ray taken in a lateral projection while
standing in a neutral position, providing visualization
of the cervical spine with the T1 vertebral body. Qual-
ity of life was assessed using the Neck Disability Index
(NDI) test and perceived pain was assessed using the Vi-
sual Analogue Scale (VAS).!* All examinations were per-
formed before surgery and after 3 months of postsurgical
observation.

The following tests for significance were used for statisti-
cal analyses: Wilcoxon test (evaluation of data before and
after surgery) and general estimating equations (GEE) with
robust standard errors.

This study was approved by the Bioethics Committee
at the Medical University of Lodz, Poland (approval No.
RNN/221/19/ KE) on April 9, 2019. This research complied
with the World Medical Association (WMA) Declaration
of Helsinki.
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Results
Patient demographics

The 30 patients included in this study (16 women and
14 men) were operated on using the two-level ACDF method.
The distribution of patient age is presented in Fig. 1. Three
patients (2 men and 1 woman) who did not report for follow-up
examination were excluded from the postoperative evaluation.

The most common indication for surgical treatment
was cervical discopathy with protrusion of the interver-
tebral disc at 2 levels, with symptoms of radiculopathy
and pain and no improvement after conservative treat-
ment (19 patients). Motor dysfunction in the form of weak-
ness of the upper extremities was found in 11 patients.
The two-level ACDF surgery was most often performed
on the C5-C7 levels (21 patients). No permanent postop-
erative complications were found in the group of operated
patients. The most common complication of treatment
was dysphagia (5 patients), which resolved within 14 days
after the procedure. Hoarseness occurred in 3 patients and
it resolved before discharge from the Department.

Fig. 1. Structure of the group according to age

Radiography: assessment
of treatment results

Before the operation, the average cervical lordosis
angle (C2-C7 Cobb angle) was 7.48° (Table 1), the T1
slope was 24.43° and the SVA distance was 28.36 mm.
At three-month follow-up, the cervical lordosis angle
changed significantly (p < 0.01) to an average of 11.52°
(Table 1). The SVA C2-C7 distance significantly decreased
(p < 0.001) to an average of 21.06 mm (Table 2). The value
of the T1 slope angle did not change significantly before
and after surgery (p = 0.706; however, there was an in-
crease in the T1 slope angle with an increase in lordosis,
and a decrease in its value was observed in patients whose
lordosis angle decreased).
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Table 1. Summary of the sagittal balance parameters before and after
surgery (for multivariate analysis)

Post surgery

Parameter Before('\j‘;ugery ‘ M)
NDI score 28.71 9
VAS score for neck pain 7.30 2.59
Cobb angle C2-C7 748° 11.52°
SVA C2-C7 distance 2836 mm 21.06 mm
T1 slope 2443° 24.42°

M = mean; NDI — Neck Disability Index; VAS - Visual Analogue Scale;
SVA - sagittal vertical axis.

Before surgery, the average NDI score was 28.71 and
the average VAS score for neck pain was 7.30 (VAS score
for limb pain was also 7.30). After surgery, statistically
significant improvement was achieved on the NDI scale
(p <0.001) — the score increased to an average of 9 (Table 3).
The VAS score for neck pain improved to an average of 2.59
(p < 0.001). The VAS score for limb pain also significantly
improved (p < 0.001) to an average of 0.52.

The multivariate model with the C2-C7 Cobb angle
as the dependent variable and the time factor as an inde-
pendent variable (p = 0.002) showed a negative correlation
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with SVA value (independent variable, p < 0.001) and a sig-
nificant correlation with the slope increase in the Th1 angle
(independent variable, p = 0.003), in patients undergoing
two-level ACDF (Fig. 2).

In the multivariate analysis with NDI as the dependent
variable, and the time factor, the Cobb angle C2—-C7 and
SVA as the independent variables, the following results
were obtained (Fig. 3): NDI score decreased significantly
over time (p < 0.001) and this change was significantly
related to the increasing Cobb angle (p = 0.036), but not
related to SVA changes (p = 0.554).

Using VAS score for pain in the upper limbs as the de-
pendent variable, and the time factor, Cobb angle C2-C7
and SVA value as the independent variables, the following
results were obtained: a statistically significant reduction
in the intensity of pain over the time period of the study
(p < 0.001), with no statistical relationship to changes
in the Cobb angle (p = 0.660) or SVA value (p = 0.589).

Using VAS score for neck pain as the dependent variable, and
the time factor, Cobb angle C2—-C7 and SVA value as the inde-
pendent variables, the following results were obtained: a sta-
tistically significant reduction in the intensity of neck pain
(p < 0.001), depending on the Cobb angle (p <0.001) and SVA
value (p = 0.001) decreasing at the same time.

Table 2. Sagittal vertical axis (SVA) values [mm] for all patients and patients separated by sex before and after surgery

Statistical parameter

Sex Research phase
Me Q;-Q; (IQR) SD N= 95% Cl Min-Max
W before surgery 2541 23.50 17.25-30.75 (13.50) 1043 261 [19.86,30.97] 13-50
‘omen
post surgery 18.79 19 13.50-23 (9.50) 6.06 1.51 [15.56,22.02] 10-28
W before surgery 32.64 35 19-44 (25) 13.79 416 [23.37,41.90] 12-52
en
post surgery 24.36 24 16-33(17) 10.17 3.07 [17.53,31.20] 10-40
before surgery 28.36 28 18-39 (21) 12.21 2.35 [23.53,33.18] 12-52
Altogether
post surgery 21.06 20 14-28 (14) 829 1.60 [17.78,24.34] 10-40

M — mean; Me — median; IQR - interquartile range; SD - standard deviation; SE — standard error; 95% Cl — 95% confidence interval; Min—-Max — minimum-

maximum.

Fig. 2. Correlation of the C2-C7 cervical lordosis angle with the Th1
inclination angle in the group of respondents in the area of the neck after
surgery

Fig. 3. Correlation of the severity of complaints according to the Neck
Disability Index (NDI) with the C2-C7 lordosis angle after surgical
treatment by two-level anterior cervical discectomy and fusion (ACDF)
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Table 3. The neck disability index (NDI) for all patients and patients separated by sex before surgery

Statistical parameter

Sex Research phase
Me Q;-Q; (IQR) SD SE 95% Cl Min-Max
W before surgery 3294 33 27-39.50 (22.50) 8.58 215 [28.36,37.51] 15-46
‘omen
post surgery 9.62 8.50 4.50-12 (8.50) 7.57 1.89 [5.59, 13.66] 1-27
v before surgery 22.54 24 17-28 (11) 6.64 2.00 [18.09, 27.00] 14-35
en
post surgery 8.09 7 1-11(10) 8.44 255 [242,13.76] 0-28
before surgery 28.71 28 20-36 (16) 9.30 1.79 [25.02,32.38] 14-46
Altogether
post surgery 9.00 7 3-11(8) 7.81 1.50 [5.91, 12.09] 0-28

M — mean; Me — median; IQR - interquartile range; SD — standard deviation; SE — standard error; 95% Cl — 95% confidence interval; Min—-Max — minimum-

maximum.

Discussion

The most important parameters associated with pain
symptoms and the results of surgical treatment of cervical
spine osteoarthritis include the T1 slope, SVA distance,
and cervical lordosis angle (Cobb angle). These parameters
are assessed in the lateral projection of X-ray examina-
tions.'® It is also possible to assess sagittal balance param-
eters based on computed tomography (CT) or magnetic
resonance imaging (MRI) examination; however, its value
may be limited due to the lying position during the exami-
nation. Sagittal balance parameters are assessed in a re-
laxed standing position, and a change of the body position
during the test may affect the obtained results. The dis-
advantage of the use of CT is the large dose of radiation
that the patient is exposed to. However, CT examination
can overcome some limitations of X-ray, i.e., anatomical
interference of the shoulder contour.”

The analysis of changes in the values of the aforemen-
tioned parameters and the determination of the sagittal
balance allows the prognosis of surgical results. Research
shows that the cervical lordosis angle and SVA value
(SVA C2-C7) correlate with the severity of symptoms
in the treatment of cervical myelopathy. Thus, they are
considered indicators of the severity of symptoms.'¢ Vil-
lavicencio et al. carried out work on lordotic implants and
parallel interbody implants. In their research, they did not
find any significant differences between the implants used
in the correction of cervical lordosis. However, their results
demonstrated a correlation between improvement of sagit-
tal balance with improvement of the lordosis of the oper-
ated segment and the degree of improvement in the clinical
condition."”

The parameters of the sagittal balance of the cervical
spine, similarly to the lumbar-pelvic parameters, show
mutual dependencies. In this study, a statistically signifi-
cant correlation was demonstrated between the cervical
lordosis angle and the T1 slope (C7) and a negative correla-
tion with the SVA value (SVA C2-C7). After nucleotomy
with anterior stabilization (fusion) at 2 levels and 3 months
of follow-up, both an increase in the C7 cervical lordosis
angle and a shortening of the SVA distance were found.

Gills et al. analyzed sagittal parameters in patients after
ACDF operations were performed on 1 and 2 levels. In their
study, they used measurements of the C2—C7 lordosis an-
gle, T1 slope, disc space height, operated segment lordosis
angle, and SVA C2-C7 value. The follow-up observations
were made 6 weeks and 1 year after the surgical treatment.
In the group of patients operated on at 2 levels, a statisti-
cally significant correlation between the lordosis angle and
change in SVA C2-C7 value was observed. A similarly sig-
nificant relationship was shown in the entire study group
between the T1 slope and the SVA C2—-C7.18

Changes in the sagittal balance correction value did not
significantly affect perceived upper limb pain. The degree
of decompression of the nerve roots is likely one of the most
important factors in the reduction of nerve root symptoms.
However, a significant relationship was observed between
the reduction of symptoms assessed using the NDI ques-
tionnaire and the change in the angle of cervical lordo-
sis C2—C7. A similar relationship was found for the VAS
score for neck pain. A statistically significant improvement
in the VAS score was demonstrated in the case of changes
in the angle of cervical lordosis (p < 0.001) and the SVA
C2-C7 value (p = 0.001) after surgery.

Tang et al. evaluated 113 patients operated on using
long segment posterior fixation in the course of cervical
stenosis or myelopathy. In their methodology, they as-
sessed the cervical lordosis angle C1-C2, C2-C7, SVA
C2-C7, SVA C1-C7, and the line of the center of grav-
ity of the head. They confirmed the positive correlation
between the C2—C7 cervical lordosis angle and improve-
ment in NDI values (r = 0.20, p = 0.036). When analyzing
the relationship between the SVA (C2-C7) distance and
NDI, NDI increased significantly, with a SVA value greater
than 40 mm.’

Divi etal. analyzed the results of surgical procedures in pa-
tients treated using anterior stabilization of the cervical spine
covering 1-3 adjacent segments. A total of 249 patients after
ACDF surgery were included in their study and followed up
for over 1 year. One of the important parameters used in their
methodology was the difference between the T1 slope and
the cervical lordosis (CL) angle (parameter T1-CL). This
parameter showed a statistically significant relationship with
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the results of surgical treatment. Thus, the authors confirmed
the correlation of the T1-CL value with perceived pain assess-
ment using both, the VAS score for neck pain and the NDI
score (p < 0.05). This relationship was even stronger when
there was a deformity of the cervical spine before the start
of treatment.’® The work of Iyer et al. showed that the sagittal
balance parameters, i.e., the CL angle, T1 slope and T1-CL
difference, were related to preoperative NDI score. Higher
values of the CL angle (r = 0.277, p = 0.009) and higher values
of the Th1 angle (r = -0.273, p = 0.011) correlated with lower
patient scores on the NDI scale.?? Gum et al. assessed the an-
gle of CLin 101 patients treated using the ACDF method over
a two-year follow-up period. They also found that the pa-
rameters were correlated with clinical results.?! The analysis
carried out by the authors of the present study showed that
obtaining a postoperative CL angle of at least 6° predicted
improvement in NDI score by at least 8 points.

Limitations

There are a few limitations of this study. First, extension
of the follow-up period would be beneficial for a deeper
analysis of the study results. Second, including patients op-
erated on at more levels in the study group would allow for
amore complete assessment of changes in sagittal balance
parameters. Additionally, including patients operated with
the use of a plate would allow for comparison of the results
and selection of the best method of surgical treatment.

Conclusions

Based on the results of this work, we conclude that
improvement in cervical lordosis C2-C7 can improve
surgical outcomes (in terms of NDI and VAS assessment
of neck pain). However, the problem of cervical sagittal
balance and its impact on treatment outcomes remains
unresolved. There are only a few publications confirming
the correlation of sagittal balance with the clinical status
of patients after ACDF surgery. It is advisable to supple-
ment the above conclusions with research in relation
to long segment fixation (above 2 levels) and to extend
the observation period.
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