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Abstract
Purpose  The aim of the present study was to investigate the factors associated with axial symptom using multivariable 
analysis.
Methods  The authors retrospectively assessed 249 patients treated by open-door laminoplasty. The patients were classified 
into two groups: axial symptom and no axial symptom group. The possible factors included demographic variables (age, 
sex, BMI, smoking, heart disease, diabetes, preoperative neck pain, preoperative JOA scores, preoperative NDI, course of 
disease and pathogenesis) and surgical and radiological variables [operation time, intraoperative blood loss, collar wear 
time, preoperative cervical curvature, postoperative cervical curvature, T1 slope, preoperative and postoperative C2 sagittal 
vertical axis (C2 SVA)].
Results  The prevalence of axial symptom was 34.9% (89/249). The collar wear time, preoperative and postoperative C2 
SVA were risk factors for axial symptom. A cutoff value of 22.6 mm for preoperative C2 SVA and 3.5 weeks for collar wear 
time predicted the development of axial symptom.
Conclusions  The longer collar wear time, larger preoperative and postoperative C2 SVA were positively correlated with the 
higher incidence of axial symptom.
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Introduction

Expansive open-door laminoplasty (EOLP) has been widely 
used as posterior cervical surgery. Axial symptom, a well-
known complication after laminoplasty, leads to pain and/
or stiffness around the posterior neck or suprascapular areas 
and poor quality of life [1, 2]. Postoperative axial symptom 
could affect the recovery of Japanese Orthopaedic Asso-
ciation (JOA) and Neck Disability Index (NDI). A recent 
study showed that the change of JOA for 2.5 and NDI for 
4.2 among patients undergoing cervical laminoplasty was 
one of the most important psychometric parameters for 
assessing the postoperative results of spinal surgery [3]. 

Therefore, it is very important to reduce the occurrence of 
axial symptoms after laminoplasty. Causative mechanisms 
that have been proposed for axial symptom include lamina 
open-door angles ˃ 30° [4], range of motion [5], less neck 
muscle strength [6], older age (˃ 63 years) and preservation 
of muscles attached at the C2 spinous process [7]. The exact 
risk factors for axial symptom remain unclear. However, 
multiple factors are likely to be involved. In recent year, 
cervical sagittal balance has attracted more attention. The 
cervical sagittal balance has been associated with neck pain 
and poor health-related quality of life [8, 9]. What is more, 
cervical sagittal balance has been recognized as one of the 
important factors affecting the outcomes of cervical spine 
surgery [10]. However, there is no study on the correlation 
between axial symptom and cervical sagittal balance.

Therefore, we included cervical sagittal balance vari-
ables and aimed to investigate the mechanisms underlying 
the development of axial symptom in patients treated with 
EOLP, using multivariable analysis to reduce the influence 
of confounding factors.
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Materials and methods

Inclusion of patients

Between July 2008 and July 2018, a total of 249 patients 
(120 men and 129 women) needed operative managements 
were examined prospectively. The inclusion criteria were 
the following: multilevel cervical disk herniation (≥ 3 lev-
els) with neurological dysfunctions; ossification of poste-
rior longitudinal ligament (OPLL). The exclusion criteria 
were the presence of infection, trauma and tumor.

Surgical procedures

Surgery was performed according to the modified Hira-
bayashi method [11]. A midline incision was made on the 
posterior neck skin. The bilateral paravertebral muscles 
were detached from the spinous processes. The spinous 
processes were cut away, and gutters were created on the 
bilateral laminae at the border of the laminae and facets 
using a high-speed drill. One side of the lamina was com-
pletely cut and used as the open side. The side chosen was 
based on the side with more significant clinical symptoms. 
The other side of the lamina was partially cut with the ven-
tral cortex preserved to form the hinge side. All surgical 
procedures were performed by the same surgeon.

Study variables

The demographic variables, radiography variables and 
surgical-related variables were the possible risk factors. 
The following are the demographic variables collected at 
baseline: age, sex, BMI, smoking, heart disease, diabetes, 
preoperative neck pain, preoperative JOA scores, preop-
erative NDI scores, course of disease and pathogenesis. 
The surgical and radiological variables include the fol-
lowing: operation time, intraoperative blood loss, collar 
wear time, preoperative cervical curvature, postoperative 
cervical curvature, T1 slope, preoperative and postopera-
tive C2 sagittal vertical axis (C2 SVA).

Cervical sagittal alignment was evaluated using 3 
parameters on a cervical lateral radiograph in standing 
position: C2 sagittal vertical axis (C2 SVA), defined as the 
distance between the C2 plumb line and the superior–pos-
terior aspect of the C7 vertebra; cervical curvature, defined 
as the angle tangential to the lower endplate of the C2 
vertebra and upper endplate of the C7 vertebra; T1 slope, 
defined as the angle tangential to the upper endplate of the 
T1 vertebra and horizontal line (Fig. 1).

Axial symptoms evaluation

The axial symptoms are defined as more than 1 month 
persistent cervical or shoulder pain after expansive open-
door laminoplasty. Neck or shoulder pain occurring within 
1 month after surgery is not defined as axial symptom. 
Based on the postoperative axial symptom evaluation, 
the patients were classified into two groups: the axial 
symptom group, including patients with obvious pain and 
related pain treatment, and no axial pain or with slight 
discomfort and without treatment.

Statistical analysis

Comparative analysis with postoperative axial symptom 
as the dependent variable was done using independent 
samples t tests and Chi-square test. Age, BMI, preopera-
tive JOA scores, preoperative NDI, duration of symptoms, 
operation time, blood loss, collar wear time, preoperative 

Fig. 1   Measurement of cervical sagittal alignment parameters. The 
white lines indicate cervical curvature, defined as the angle tangential 
to the lower endplate of the C2 vertebra and upper endplate of the 
C7 vertebra; the red lines indicate C2 SVA, defined as the distance 
between the C2 plumb line and the superior–posterior aspect of the 
C7 vertebra; the blue lines indicate T1 slope, defined as the angle tan-
gential to the upper endplate of the T1 vertebra and horizontal line
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cervical curvature, postoperative cervical curvature, T1 
slope, preoperative and postoperative C2 SVA were ana-
lyzed by independent samples t tests, and sex, smoking, 
heart disease, diabetes, preoperative neck pain and patho-
genesis were analyzed using Chi-square test. The retrieved 
clinical variables were interrogated using multivari-
ate analysis to identify risk factors. Only variables with 
p < 0.20 in the univariate analysis were included in the 
multivariate logistic regression model building process. 
Probability values < 0.05 were considered statistically 
significant. The OR and 95% CI were also determined. 
To identify the cutoff value of risk factors for predicting 
axial symptom, we used receiver operating characteristic 
(ROC) curve. We selected the cutoff point that maximized 
the value of Youden index, in which specificity is high and 
p values of less than 0.05 were considered to be statisti-
cally significant. Commercially available software (SPSS 
20.0, Inc., Chicago, IL, USA) was used for all statistical 
analysis.

Results

We analyzed data from 249 patients (120 male and 129 
female) with a mean age of 60.5 ± 7.6 who underwent 
expansive open-door laminoplasty. Among these patients, 
87 patients were in the axial symptom group and the other 
patients (n = 162) were in the no axial symptom group; 
the prevalence of axial symptom was 34.9%. The follow-
up was from 12 to 108 months; the median follow-up was 
24 months. The demographic, clinical and radiological 
variables are shown in Tables 1, 2.

There was no significant difference found on age, sex, 
body mass index (BMI), smoking, heart disease, diabetes, 
preoperative JOA and preoperative NDI. For surgical-
related variables, the collar wear time (p < 0.0001) had 
a significant difference between the two groups, while no 
significant differences were found in course of disease, 
operation time and blood loss. According to the analy-
ses of radiological variables, the preoperative C2 SVA 
(p = 0.023) and postoperative C2 SVA (p = 0.009) had sig-
nificant difference between the two groups; however, there 
was no significant difference in T1 slope, preoperative and 
postoperative cervical curvature (Table 2).  

The univariate analysis showed that the sex, smoking, 
preoperative neck pain, course of disease, operation time, 
collar wear time, preoperative and postoperative C2 SVA 
might be related to axial symptoms (p < 0.20). The mul-
tivariate analysis showed that collar wear time, preopera-
tive C2 SVA and postoperative C2 SVA were independent 
risk factors for this complication. However, sex, smoking, 
operation time and preoperative neck pain were nor sig-
nificantly associated with axial symptom.

We estimated the optimal cutoff value for the collar 
wear time, preoperative and postoperative C2 SVA for 
predicting axial symptom using the ROC curve (Fig. 2). 
As shown in Table  4, the area under the ROC curves 
were 0.594 (preoperative C2 SVA), 0.606 (postopera-
tive C2 SVA) and 0.625 (collar wear time). According to 
Youden index analysis, the cutoff values were 22.9 mm 

Table 1   Main demographic variables of patients before the surgery

Axial 
symptom 
(n = 87)

No axial 
symptom 
(n = 162)

p values

Age (years) 60.9 ± 7.3 60.3 ± 7.7 0.557
Sex (male/female) 49/38 71/91 0.060
BMI (kg/m2) 25.8 ± 4.0 26.1 ± 4.1 0.681
Smoking (yes/no) 29/58 39/123 0.118
Diabetes (yes/no) 47/40 79/83 0.429
Heart disease (yes/no) 39/48 72/90 0.954
Preoperative neck pain (yes/

no)
19/68 35/137 0.140

Preoperative JOA 9.3 ± 2.1 9.4 ± 2.3 0.599
Preoperative NDI 7.6 ± 3.1 7.9 ± 3.4 0.481
Course of disease (months) 10.5 ± 2.8 10.7 ± 3.0 0.552
Pathogenesis 0.403
Multilevel cervical disk 

herniation
51 86

OPLL 36 76

Table 2   Radiological and 
surgical variables of patients

Axial symptom No axial symptom p values

Preoperative cervical curvature (°) 19.8 ± 9.5 20.6 ± 8.3 0.475
Postoperative cervical curvature (°) 15.8 ± 8.8 15.0 ± 13.1 0.574
T1 slope (°) 26.1 ± 7.5 25.8 ± 8.3 0.770
Preoperative C2 SVA (mm) 21.2 ± 10.6 17.7 ± 11.6 0.023
Postoperative C2 SVA (mm) 25.6 ± 9.0 22.7 ± 6.3 0.009
Operation time (min) 98.8 ± 18.9 102.4 ± 18.7 0.148
Blood loss (ml) 147.6 ± 41.3 150.0 ± 39.3 0.655
Collar wear time (weeks) 4.4 ± 1.9 3.5 ± 1.8 < 0.001
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(preoperative C2 SVA), 29.6 mm (postoperative C2 SVA) 
and 3.5 weeks (collar wear time) (Table 3).

Discussion

Axial symptom is a common complication in posterior cer-
vical surgery, at an incidence rate from 5% to about 60% 
[12, 13]. Our data showed that the prevalence of this com-
plication was 34.9% (87/249). Some risk factor reported 
thus far includes loss of cervical motion [14], decreased 
strength and atrophy of cervical muscle [6, 15], collar wear 
time [16, 17], preoperative neck pain [18, 19], spring-back 
phenomenon or nonfusion hinge [20, 21]. However, these 
results were inconsistent [13]. First, previous studies might 
have included some confounding factors, such as underly-
ing divergent pathology or nonuniform surgical procedure. 
Second, the definition of axial symptom varies in different 
studies. Third, these risk factors were identified using vari-
ous statistics analyses.

Several studies have been reported that modified tradi-
tional surgical procedure could reduce postoperative inci-
dence of axial symptoms [22–25]. However, there is no 
study on the relationship between cervical sagittal align-
ment-related parameters and the incidence of postoperative 
axial symptoms. Therefore, we evaluated the factors associ-
ated with uniform defined axial symptom in patients treated 
with fixed surgical procedure (EOLP), using multivariable 
analysis to reduce the influence of confounding factors. As 
far as we know, this study is the largest multivariate analysis 
of axial symptom in recent years. The results of this study 
showed that collar wear time, preoperative and postoperative 
C2 SVA were independent risk factors of axial symptom for 
patients treated with EOLP.

More studies pay attention to cervical sagittal balance, 
which is related to postoperative outcomes, higher quality 
of life and prevention of disability [26–28]. Cervical sagit-
tal balance is important for the maintenance of neutral head 
posture and horizontal gaze [29]. Tang et al. showed that 
cervical sagittal imbalance was associated with higher rated 
of disability following multilevel posterior cervical fusion 
[10]. Diebo et al. confirmed that the cascade of changes to 
cervical sagittal alignment could be detrimental to overall 
quality of life [30]. The compensation mechanisms that 
maintain neutral head posture and horizontal gaze often 

Table 3   Multivariate analysis of factors associated with axial symp-
tom

OR 95% CI p values

Sex 1.511 0.790–2.890 0.212
Smoking 1.362 0.667–2.782 0.397
Preoperative neck pain 1.854 0.911–3.776 0.089
Operation time 1.006 0.990–1.021 0.468
Collar wear time 0.789 0.679–0.917 0.002
Preoperative C2 SVA 0.970 0.945–0.995 0.019
Postoperative C2 SVA 0.943 0.907–0.981 0.003

Fig. 2   Receiver operating characteristic (ROC) curve of the collar 
wear time, preoperative C2 SVA and postoperative C2 SVA for pre-
dicting axial symptom

Table 4   Receiver operating characteristic (ROC) of the independent risk factors for predicting axial symptom

Area under ROC 95% CI p values Cutoff value Sensitivity Specificity

Preoperative C2 SVA (mm) 0.594 0.521–0.667 0.015 22.9 0.483 0.813
Postoperative C2 SVA (mm) 0.606 0.526–0.685 0.006 29.6 0.123 0.721
Collar wear time (weeks) 0.625 0.553–0.697 0.001 3.5 0.481 0.837
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involve a cascade of changes, which lead to fatigue and 
neck pain [31]. Cervical sagittal balance can be quantified by 
measuring a variety of different parameters. At present, the 
most common cervical sagittal balance parameters are C2 
SVA and T1 slope, which were also included in this study 
[29, 32, 33].

In this study, our results showed both the preoperative and 
postoperative C2 SVA were risk factors of axial symptom 
in patients undergoing EOLP. The preoperative and postop-
erative C2 SVA of the axial symptom group was larger than 
those of no axial symptom group, respectively (preopera-
tive: 21.2 ± 10.6 mm (axial) vs. 17.7 ± 11.6 mm (no axial); 
postoperative: 25.6 ± 9.0  mm (axial) vs 22.7 ± 6.3  mm 
(no axial)). Bao et al. [34] found C2 SVA in symptomatic 
subgroup was larger than that in asymptomatic subgroup. 
Smith et al. [35] also found that larger C2 SVA had a cor-
relation with worse myelopathy severity score. Tang et al. 
[10] showed that measures of C2 SVA greater than 4 cm 
have been correlated with worse outcomes following cervi-
cal spine surgery. The larger C2 SVA might lead to higher 
intramedullary cord pressure [36, 37]. The higher intramed-
ullary cord pressure had been shown to result in substantial 
histologic changes in the spinal cord, including neuronal 
loss and atrophy of the anterior horn, demyelination and 
decreased vascular distribution, which might be the cause of 
spinal dysfunction and neurological deterioration [38, 39].

Cervical osseoligamentous compartment merely play as 
some facets of a multifactorial matrix in development of 
axial symptom. Panjabi et al. [40] showed that the osseolo-
gamentous only contributed about 20% to the mechanical 
stability of the cervical spine, while the neck musculature 
contributes the remaining 80%. The posterior cervical spine 
helps stabilize the head, keep the alignment of the cervi-
cal spine and play key role in neck pain [41]. Patients with 
larger C2 SVA lead to suboccipital muscles shortened, if 
the contracted states prolonged, which might result in neck 
pain [32]. Other researchers suggested that excess suboc-
cipital muscle contraction might cause neck pain by placing 
chronic tension on the pain-sensitive dura mater via myo-
dural bridges [42, 43]. The cutoff values of preoperative and 
postoperative C2 SVA were 22.9 mm and 29.6 mm, respec-
tively. Therefore, in the future, if we performed EOLP for 
patients with preoperative C2 SVA >22.9 mm and/or post-
operative C2 SVA >29.6 mm, we should pay attention to 
reducing the incidence of postoperative axial symptom.

In this study, collar wear time was another independ-
ent risk factor of axial symptom in EOLP. Patients in 
axial symptom had a longer collar wear time, which was 
consistent with previous reports [13]. For EOLP, collar 
might be helpful to protect the hinge, reduce risks of hinge 
fractures and avoid spring-back phenomena. However, too 
much collar wear time might cause or aggravate atrophy 

of cervical posterior extensor muscles, which could lead 
to fatigue and neck pain [16, 17]. Besides, the collar 
use might dramatically reduce cervical range of motion 
[44], which was closely related to the occurrence of axial 
symptom [14, 45]. The ROC analysis of collar wear time 
showed that the cutoff value was 3.5 weeks. Cheung et al. 
reported that the use of collar led to less axial neck pain 
within 3 weeks after surgery [46]. Wang et al. included 
20 articles and the results showed that the axial symp-
tom prevalence was 34% (319/874) after collar wear 
time ˃8 weeks, while 26% (339/1312) after collar wear 
time ≤ 4 weeks [13]. Therefore, we recommended that col-
lar wear time should be limited within 4 weeks in order 
to reduce the incidence of postoperative axial symptom.

In this study, we confirmed statistically significant cor-
relations between the incidence of axial symptom and pre-
operative, postoperative C2 SVA and collar wear time and 
demonstrated the cutoff threshold for these factors that 
predicts development of axial symptom. However, our 
study has some inherent limitations. First, due to its ret-
rospective design, only a part of variables was selected to 
study which may lead to exist selection bias. Second, dif-
ferent patients may have different subjective feelings about 
the axial symptom because of the different environment. 
Third, the effect of other postoperative complications 
on the postoperative axial symptom was not taken into 
account. Going forward, prospective and well-designed 
studies will be necessary to control these factors, thereby 
establishing the predictive or causal factors associated 
with axial symptom more reliably.

Conclusion

The larger preoperative, postoperative C2 SVA and longer 
collar wear time were positively correlated with the higher 
incidence of axial symptom following expansive open-
door laminoplasty. ROC analysis showed that the preop-
erative C2 SVA of 22.9 mm, postoperative C2 SVA of 
29.6 mm and collar wear time of 3.5 weeks could be a 
possible threshold for predicting the development of axial 
symptom. These results could lead to new insights into 
preventing axial symptom after cervical laminoplasty.
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