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Background: The objective of this study was to compare the clinical and radiological outcomes
between patients with or without axial symptoms (AS) and investigate the risk factors associated
with AS by multivariate regression analysis in anterior cervical discectomy and fusion (ACDF).
Materials and methods: The records of 117 patients who underwent ACDF were reviewed
for clinical and radiological outcomes. These outcomes were evaluated before and after surgery
and at the last follow-up. Preoperative Modic changes (MCs) adjacent to the treated disc were
identified. Risk factors for AS were detected through logistic regression analysis.

Results: The patients were divided into two groups: one with AS (AS group, n=35) and the
other without (NAS group, n=82). Visual Analog Scale values after the operation (P=0.013)
and at final follow-up (P<0.001) and preoperative segmental angle (P=0.031) were significantly
different between the two groups. There were no significant differences with respect to other
clinical and radiographic outcomes between the two groups (P>0.05). Logistic regression
analysis revealed that preoperative segmental kyphosis (OR =2.912, P=0.035) and MCs (odds
ratio =3.268, P=0.015) were the risk factors for the occurrence of AS.

Conclusion: AS do not correlate with recovery of neural function in patients treated by ACDFE.
In addition, preoperative segmental kyphosis and MCs at the fusion segment were found to
affect the incidence of AS after ACDFE.

Keywords: anterior cervical discectomy and fusion, cervical spondylotic myelopathy, axial
symptoms, segmental angle, Modic changes

Introduction

Cervical spondylotic myelopathy (CSM) is a common cause of nontraumatic quad-
riplegia and can severely reduce independence and quality of life."? First introduced by
Smith and Robinson® and Cloward,* anterior cervical discectomy and fusion (ACDF)
is considered a standard surgical treatment for affected patients in whom nonopera-
tive treatments fail.>® ACDF can achieve stabilization and solid arthrodesis with good
clinical outcomes and minimal surgical risks.

Axial symptoms (AS) are frequent complaints after cervical spinal surgery includ-
ing laminoplasty and ACDE.”? It may cause shoulder and neck pain and movement
restrictions after surgery. These symptoms can adversely affect the patient’s life, work,
and the curative effect of the treatment.'

Modic changes (MCs) are vertebral endplate and bone marrow changes visible on
magnetic resonance imaging (MRI) that were first identified and classified by Modic.!"!?
Type 1 Modic changes (MC1) (hypointense on T1-weighted image [T1WI] and
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hyperintense on T2-weighted image [T2WI]) represent dis-
rupted and fissured endplates and vascular granulation tissue
adjacent to the endplates, which corresponding to vertebral
body lesions; type Il Modic changes (MC2) (hyperintense on
both TIWI and T2WI) indicate fatty replacements of the red
bone marrow; and type III Modic changes (MC3) (hypoin-
tense on both TIWI and T2WI) are thought to represent
subchondral bone sclerosis.!*!> MCs have been confirmed
to be related to low back pain and neck pain in the lumbar
spine and cervical spine, respectively.'®'81° Recently, a study
illustrated that MCs in the cervical spine could negatively
affect AS intensity after ACDFE.2

Although several studies have investigated the cause of
AS after laminoplasty, few have studied the risk factors of
AS following ACDF. Additionally, the incidence, character-
istics, and risk factors of AS after ACDF have also not been
fully studied. Therefore, the aims of the present study were
to compare the clinical and radiological outcomes between
patients with or without AS and clarify the correlative risk
factors of AS after ACDF.

Materials and methods

Study population and management

The present retrospective cohort study included 117 patients
(61 male and 56 female) who underwent single-level ACDF
between 2012 and 2016 at Tianjin Medical University Gen-
eral Hospital. These patients were observed for a mean dura-
tion of 23.28 months (range 12—48 months). The study was
approved by the Medical Ethics Committee of our hospital
and conducted in accordance with the ethical standards of
the Declaration of Helsinki. Written informed consent was
obtained from all patients.

The following patients were included: 1) those with cer-
vical MRI-confirmed CSM and corresponding clinical find-
ings and who were unresponsive to appropriate nonsurgical
measures for at least 6 months; and 2) those whose operative
levels included C3-C4, C4-C5, C5-C6, and C6—C7. The fol-
lowing patients were excluded: those with 1) osteoporosis,
trauma, tumor, continuous or combined ossification of the
posterior longitudinal ligament; 2) rheumatic or rheumatoid
arthritis disease or other serious systemic diseases; 3) previ-
ous surgery of the cervical spine; 4) multilevel surgery; 5)
lack of adequate follow-up (FU) data.

Surgical technique

All patients received ACDF by the same surgical team. A
standard anterolateral approach from the right side was
performed to expose the targeted segment. The compressive

materials including herniated disc and posterior longitudinal
ligament were removed. After cartilage end plate removal,
the bony endplates were protected to prevent subsidence.
Then, an appropriate-sized cage (Medtronic Sofamor Danek,
Memphis, TN, USA) filled with allograft bone was used.
Finally, the anterior plate system was applied (Medtronic
Sofamor Danek). Postoperatively, all patients were encour-
aged to resume their normal activities as soon as possible
with a cervical collar to avoid overextension for 4 weeks.

Clinical evaluation

The Japanese Orthopaedic Association (JOA) score was
recorded before and after surgery, and at the final FU. A full score
was defined as 17 points, 8 for upper and lower motor functions,
6 for sensory functions, and 3 for bladder and rectal functions.
The recovery rate of JOA score, which indicates the degree of
normalization after surgery, was calculated as 100X (postopera-
tive score — preoperative score)/[17 (full score) — preoperative
score] (%). Neck pain was evaluated using the Visual Analog
Scale (VAS) before and after surgery, and at the final FU.?!

AS were graded into three levels, as reported by Hosono
et al:* mild (no treatment needed), moderate (physical therapy
including massage or thermotherapy to alleviate muscular
pain regularly needed), and severe (analgesics or injection of
anesthetics to the painful muscles regularly needed). Severe-
or moderate-grade complaints lasting for more than 1 month
was considered confirmatory for AS. AS were evaluated
routinely at each FU and recorded. At the last FU, patients
were divided into two groups according to whether or not
they were still experiencing AS.

Imaging assessment

All of the imaging data were collected and reviewed by two
orthopedic surgeons (YX and JZ). Regular meetings and
discussions were held to guarantee data reliability. Cervical
alignment was obtained by the Cobb method between C2
and C7 based on the angle, which was measured by two lines
perpendicular to the inferior endplate of the C2 and the supe-
rior endplate of the C7, respectively.? The segmental angle
was defined as the angle formed by the upper plane and the
lower plane of the fused segment. The intervertebral height
(IH) was defined as the mean value between the anterior
and posterior distance of the superior endplate of the cranial
vertebral body and inferior endplate of the caudal vertebral
body in the surgical segment. IH change was calculated
as the difference between IH before and after the surgery.
Existing MCs in the endplates adjacent to treated disc were
identified through MRI.
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Power calculation

Based on previous studies and our pilot experiment, we
assumed normal distribution and a JOA SD of 2. With a
two-sided 0:=0.05, a sample size of 63 patients in each group
gave a power of 0.8 to detect a mean difference of 1 in JOA.

Risk factor analysis

Patients’ characteristics including age, sex, smoking status,
body mass index (BMI), and the results of their radiological
assessment were considered to analyze the risk factors.

Statistical analysis

All relevant data were collected, and SPSS software version
21.0 (IBM Corporation, Armonk, NY, USA) was used for
the statistical evaluation. Variables between the two groups
were compared using an independent #-test and chi-squared
test. The radiological and clinical outcomes prior to surgery,
immediately after surgery, and at the last FU were compared
using a paired 7-test and Wilcoxon signed rank test. Multivari-
ate logistic regression analysis was used for correlative risk
factor analysis. Significance of parameters was evaluated
using univariate analysis. Factors with P<0.20 in the univari-
ate analysis were then included in the multivariate analysis.
A P-value of <0.05 was considered statistically significant.

Results

Patient characteristics

According to the presence or absence of AS after surgery,
the patients were divided into two groups: one with AS (AS
group, n=35) and the other one without (NAS group, n=82).
AS occurred in 35 of 117 (29.91%) patients. The demograph-
ics of the included patients are shown in Table 1. In terms
of perioperative parameters, no significant differences were

Table | Patients’ characteristics

observed between the two groups with respect to age, sex,
smoking, BMI, and operated level.

Clinical outcomes

The clinical outcomes of these patients are summarized in
Table 2. The JOA scores of both the AS and NAS groups
were improved after surgery and at the final FU (P<0.05). In
the postoperative period and at the final FU period, the JOA
recovery rate was 53.85%+14.73% and 50.37%x22.87%,
respectively, in the AS group and 56.70%%19.95% and
51.59%+21.49%, respectively, in the NAS group. The average
JOA score and JOA recovery rate of the two groups showed no
significant differences (P>0.05) at any time points. The neck
pain in the NAS group was significantly relieved after sur-
gery in terms of the VAS. Although the VAS score increased
at the final FU, a significant difference (P<0.05) still existed
when compared with preoperative data. In the AS group, VAS
related to neck pain was significantly relieved after surgery,
while it worsened at the last FU (P<0.05, vs presurgery). Sig-
nificant differences were found between the two groups after
the surgery and the final FU with respect to VAS (P<0.05).

Radiographic results
The respective cervical alignments in the AS and NAS
groups were 5.62+8.17 and 7.7117.89 preoperatively,
12.88+8.24 and 13.3017.28 postoperatively, and 11.6516.84
and 12.4245.85 at the final FU, respectively. No significant
difference (P>0.05) was noted between the two groups at
any time point (Table 3).

The preoperative segmental angles were 0.9418.96 in the
AS group and 4.90£8.99 in the NAS group. Immediately after

Table 2 Comparison of clinical outcomes between the two

Baseline AS (n=35) NAS (n=82) P-value
Age (years) 57.02+7.11 55.76+7.36 0.394
Gender (n)
Male 16 45 0.364
Female 19 37
Smoking (n)
Smoker 9 17 0.553
Nonsmoker 26 65
BMI (kg/m?) 24.57+2.12 24.08+2.34 0.293
Level (n)
C3/4 3 9 0.659
C4/5 6 20
C5/6 15 35
cel7 I 18

groups
Variables AS (n=35) NAS (n=82) | P-value
JOA
Preop 10.17+2.51 10.28+2.81 0.844
Postop 13.74£1.732 13.86+1.92: 0.745
Final FU 13.62+1.98* 13.50+2.11° 0.760
JOA recovery rate (%)
Postop 53.85+14.73 | 56.70+19.95 0.448
Final FU 50.37+£22.87 | 51.59+21.49 0.783
VAS neck
Preop 4.25+1.88 4.10£1.91 0.703
Postop 3.37£1.132 2.78%l1.16 0.013
Final FU 5.14£0.912 3.02£1.39* <0.001

Abbreviation: AS, axial symptoms; BMI, body mass index; NAS, no axial symptoms.

Notes: P<0.05 compared with preoperative value.

Abbreviations: AS, axial symptoms; FU, follow-up; JOA, Japanese Orthopaedic
Association; NAS, no axial symptoms; Postop, postoperative; Preop, preoperative;
VAS, Visual Analog Scale.
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surgery, the measurements were 7.31+6.66 and 7.58+6.86,
respectively. At the last FU, segmental angles were 6.14+6.27
and 6.5316.51 in the two groups. Significant differences were
found between the two groups at preoperation (Table 3).
The IH before and after surgery and at the final FU are
given in Table 4. The mean IHs of the two groups were
significantly increased after surgery (P<0.05), but later
decreased at the final FU (P<0.05), although still greater
than the baseline value (P<0.05). There were no significant
differences (P>0.05) between the AS and NAS groups before
and after the operation. Similarly, for IH variation, no signifi-
cant difference (P>0.05) was found between the two groups.

Risk factors of AS

To identify correlative risk factors that influence AS following
ACDEF, we performed a logistic regression analysis. Multivariate
logistic regression analysis revealed preoperative segmental
kyphosis (Figure 1) and preoperative MCs (Figure 2) adjacent
to the operated vertebral body to be significant risk factors for
developing postoperative AS (segmental kyphosis: OR =2.912
[95% CI =1.080-7.855], P=0.035; MCs: OR =3.268 [95%
CI =1.255-8.511], P=0.015), whereas age, gender, smoking
status, BMI, number of surgical levels, and IH change did not
significantly affect the incidence of AS (Table 5).

Table 3 Comparison of radiological outcomes between the two
groups

Variables AS (n=35) NAS (n=82) P-value
Cervical alignment
Preop 5.6248.17 7.71£7.89 0.197
Postop 12.8818.24* 13.30+7.28: 0.785
Final FU 11.6516.84* 12.42+5.85° 0.538
Segmental angle
Preop 0.9418.96 4.90+8.99 0.031
Postop 7.3116.66° 7.58+6.86° 0.844
Final FU 6.1416.27: 6.53+6.51° 0.763

Notes: *P<0.05 compared with preoperative value.
Abbreviations: AS, axial symptoms; FU, follow-up; NAS, no axial symptoms;
Postop, postoperative; Preop, preoperative.

Table 4 Comparison of IH between the two groups

Variables AS (n=35) NAS (n=82) P-value
IH (mm)
Preop 34.67+1.40 34.36%1.35 0.273
Postop 381211712 37.95+1.46* 0.584
Final FU 37.31%1.58 37.21+1.55° 0.765
IH change (mm)® 3.45+1.19 3.58+0.97 0.527

Notes: *P<0.05 compared with preoperative value. *Difference between IH before
and after the surgery.

Abbreviations: AS, axial symptoms; FU, follow-up; IH, intervertebral height; NAS,
no axial symptoms; Postop, postoperative; Preop, preoperative.

Figure |1 A 62-year-old male patient with segmental kyphosis on C5-Cé before
surgery (A), the segmental kyphosis was corrected after surgery (B), but AS were
detected at the 3-month FU.

Abbreviations: AS, axial symptoms; FU, follow-up.

Discussion

AS are common after cervical spine surgery and can cause
significant inconvenience to patients by affecting their
working and social lives and reducing the curative effect
of treatment.'® Various mechanisms have been suggested to
explain the occurrence of AS following cervical posterior
decompression surgery, including damage to the poste-
rior muscle—ligament complex during surgery, change in
the physiological curvature of the cervical vertebrae, and
intervertebral instability.”?*2° Nevertheless, few studies
have investigated the cause of AS after ACDF. Hence, we
conducted this study to explore the risk factors affecting AS
following ACDF.

According to relevant literature, the incidence of AS
in patients following ACDF was 38.3%.° In our study, the
occurrence rate of AS was 29.91%. Meanwhile, we observed
that patients who underwent ACDF achieved significant
improvement after a minimum 1-year FU. Compared with
the NAS group, the AS group showed similar clinical results
with respect to the JOA score and JOA recovery rate, meaning
the occurrence of AS was not obviously correlated with the
recovery of neural function after surgery, which is consistent
with previous literature.'*%

Few studies have shown an improvement of cervical
alignment after anterior cervical decompression surgery.?¢?’
In our study, both global and segmental curvatures of the two
groups improved significantly after surgery. An earlier study
indicated that preoperative C2—C7 kyphosis and preoperative
local kyphosis are probable risk factors for poor surgical
outcomes.?® In our study, we found that the preoperative
segmental angle correlates with AS occurrence after ACDF.
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Figure 2 A 55-year-old male patient with AS.

Notes: Preoperative MRI showed MC2 in the C5 endplate (A and B). From preoperative radiograph (C), the C2—C7 Cobb angle is 9.4°, the segmental angle is 7.4°, and the
IH is 37.3 mm. From the postoperative radiograph (D), the C2—C7 Cobb angle is 10.3°, the segmental angle is 10.7°, and the IH is 39.5 mm.
Abbreviations: AS, axial symptoms; IH, intervertebral height; MC2, type Il Modic changes; MRI, magnetic resonance imaging.

The risk of AS was 2.9-fold greater in the segmental kyphotic
group than in the segmental lordotic group. In another study,
researchers reported that the occurrence rate of segmental
kyphosis was higher in patients with AS than in those without
AS. One possible reason is that kyphosis causes the imbal-
ance of neck muscles and zygapophyseal joints, eventually
leading to the formation of AS.°

In addition, we found a significant correlation between
preoperative MCs and occurrence of AS. The pathogenetic
mechanisms causing MCs are not very clear. Microfractures
and endplate fissures have been identified as a major source
of MCs through biomechanical mechanism. The abnormal
load and stress will affect vertebral endplates and the micro-
environment of adjacent vertebral bone marrow, resulting in

Journal of Pain Research 2018:11
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Table 5 Logistic regression analysis for the risk factors of AS

Variables AS NAS Univariate Multivariate®
(n=35) (n=82) OR (95% CI) P-value OR (95% CI) P-value
Age (years)
260 15 26 1.615 (0.715-3.650) 0.249
<60 20 56
Gender
Male 16 45 0.692 (0.313-1.533) 0.365
Female 19 37
Smoking
Smoker 9 17 1.324 (0.524-3.345) 0.553
Nonsmoker 26 65
BMI (kg/m?)
>24 22 46 1.324 (0.588-2.985) 0.498
<24 13 36
Level
C3/4 3 9 | 0.662
C4/5 6 20 0.900 (0.183—4.429) 0.897
C5/6 15 35 1.286 (0.305-5.426) 0.732
Ce/7 I 18 1.833 (0.406-8.271) 0.430
Preoperative cervical alignment
Kyphosis 7 9 2.403 (0.841-6.866) 0.102 1.236 (0.379-4.035) 0.726
Lordosis 28 73
Preoperative segmental angle (°)
Kyphosis 15 19 2.478 (1.070-5.780) 0.034 2.912 (1.080-7.855) 0.035
Lordosis 20 63
Preoperative MC
Yes 13 I5 2.639 (1.089-6.396) 0.032 3.268 (1.255-8.511) 0.015
No 22 67
Distraction of IH (mm)
<« 3 9 | 0.837
2-5 28 66 1.273 (0.320-5.056) 0.732
>5 4 7 1.714 (0.285-10.303) 0.556

Notes: “The multivariate model includes variables with P<0.20 by univariate analysis.

Abbreviations: AS, axial symptoms; BMI, body mass index; IH, intervertebral height; MC, Modic changes; NAS, no axial symptoms.

histological changes, which exhibit signal intensity change
on MRI, namely MCs.!! Besides, the higher levels of proin-
flammatory mediators such as interleukin-6, interleukin-8§,
and prostaglandin E2 from the disc could cause chronic
inflammation of the adjacent bone marrow.3° MCs have
been proven to be associated with neck pain in the cervical
spine.” In the current study, we found that, in patients who
underwent ACDF, the risk of AS was 3.2-fold greater in the
MCs group than in the non-MCs group.

Our study has some limitations. This was a single-center
retrospective study, which may induce potential biases. In
addition, the sample size in this study was not large enough.
Lack of long-term FU was another limitation in our study.
Further multicenter prospective studies with long-term FU
are needed to evaluate the association between clinical out-
comes and AS and relevant risk factors.

Conclusion

AS are acommon phenomenon following ACDF but do not affect
recovery of neural function. Preoperative segmental kyphosis and
MCs are correlative risk factors for occurrence of AS.
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