@’PLOS ‘ ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Li X, Jiang L, Liu Z, Liu X, Zhang H, Zhou
H, et al. (2015) Different Approaches for Treating
Multilevel Cervical Spondylotic Myelopathy: A
Retrospective Study of 153 Cases from a Single
Spinal Center. PLoS ONE 10(10): e0140031.
doi:10.1371/journal.pone.0140031

Editor: Nader N. Pouratian, UCLA, UNITED STATES
Received: July 5, 2015

Accepted: September 20, 2015

Published: October 13, 2015

Copyright: © 2015 Li et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: The work described here was supported by
the AOSpine China Research Grant Project (AOSCN
(R) 2013-07) (URL: https://aospine.aofoundation.org/
Structure/Pages/default.aspx). The funder had no
role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

Different Approaches for Treating Multilevel
Cervical Spondylotic Myelopathy: A
Retrospective Study of 153 Cases from a
Single Spinal Center

Xiumao Li', Liang Jiang" *, Zhongjun Liu'*, Xiaoguang Liu', Hua Zhang?, Hua Zhou',
Feng Wei', Miao Yu', Fengliang Wu'

1 Orthopaedic Department, Peking University Third Hospital, HaiDian District, Beijing, 100191, China,
2 Research Center of Clinical Epidemiology, Peking University Third Hospital, HaiDian District, Beijing,
100191, China

* puh371508 @ bjmu.edu.cn

Abstract

Objective

The optimal surgical treatment for multilevel cervical spondylotic myelopathy (MCSM)
remains controversial. This study compared the outcomes of three surgical approaches for
MSCM treatment, focusing on the efficacy and safety of a combined approach.

Methods

This retrospective study included 153 consecutive MCSM patients (100 men, 53 women;
mean age * standard deviation, 55.7 £ 9.4 years) undergoing operations involving >3 inter-
vertebral segments. The patients were divided into three groups according to surgical
approach: anterior (n = 19), posterior (n = 76), and combined (n = 58). We assessed demo-
graphic variables, perioperative parameters, and clinical outcomes >12 months after sur-
gery (20.5 £ 7.6 months), including Japanese Orthopaedic Association (JOA) score,
improvement, recovery rate, and complications.

Results

The anterior group had the most favorable preoperative conditions, including the highest
preoperative JOA score (12.95 £ 1.86, p = 0.046). In contrast, the combined group had the
highest occupancy ratio (48.0% + 11.6%, p = 0.002). All groups showed significant neuro-
logical improvement at final follow-ups, with JOA recovery rates of 59.7%, 54.6%, and
68.9% in the anterior, posterior, and combined groups, respectively (o = 0.163). After multi-
variable adjustments, the groups did not have significantly different clinical outcomes (post-
operative JOA score, p = 0.424; improvement, p = 0.424; recovery rate, p = 0.080). Further,
subgroup analyses of patients with occupancy ratios >50% showed similar functional out-
comes following the posterior and combined approaches. Overall complication rates did not
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differ significantly among the three approaches (p = 0.600). Occupancy ratios did not have
a significant negative influence on postoperative recovery following the posterior approach.

Conclusions

If applied appropriately, all three approaches are effective for treating MCSM. All three
approaches had equivalent neurological outcomes, even in subgroups with high occupancy
ratios. Further investigations of surgical approaches to MCSM are needed, particularly pro-
spective multicenter studies with long-term follow-up.

Introduction

Cervical spondylotic myelopathy (CSM) is a common degenerative disease that is characterized
by compressions in the cervical region of the spine and results in progressive neural cell loss
and neurological deterioration in around 20% to 60% of patients [1]. Generally, 1- or 2-level
spondylosis and/or severe cervical kyphosis are treated using an anterior surgical approach,
whereas multilevel stenosis and dorsal pathology are treated using a posterior surgical
approach [2, 3]. Although several studies have described different surgical strategies for CSM,
the optimal surgical choice for multilevel cervical spondylotic myelopathy (MCSM, 3 or more
intervertebral segments involved) remains undetermined [4].

The combined posterior-anterior surgical approach can be used to achieve complete decom-
pression and restoration of sagittal alignment in one stage, and represents an alternative option
for treating MCSM with large ventral compressions [5, 6]. Previous studies of the anterior, pos-
terior, and combined surgical approaches have suggested that the combined approach may
offer the best neurological outcomes without significantly increasing complications [7]. The
combined approach’s major disadvantages include its technical complexity, prolonged surgical
times, and increased blood loss [8]. Some surgeons prefer using a combined approach for
MCSM, while others insist that a posterior approach is sufficient for the majority of cases.
Abumi [9] and Riew [10] suggest performing surgery with a posterior approach, waiting for 2
or 3 weeks, and then performing surgery with an anterior approach, if needed.

In light of the current uncertainty in the literature, we conducted a retrospective study to
compare the neurological outcomes associated with anterior, posterior, and combined surgical
approaches in the treatment of MCSM. Our study focused most heavily on the efficacy and
safety of the combined approach. Furthermore, we examined the relationship between the
canal occupancy ratio and patients’ neurological recovery, in order to validate the indication
for a combined surgical approach in patients with high occupancy ratios.

Materials and Methods
Ethics Statement

This study was approved by the Ethical Committee of the Third Hospital of Peking University
and conducted according to the principles of the Declaration of Helsinki. All of the participants
provided signed, informed consent at admission, before their data were stored in the hospital
database and used for research purposes.
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Patient Population

We retrospectively reviewed the medical records of all 676 patients who underwent cervical
decompressions that were performed by the spinal surgery team at our hospital between Janu-
ary 2012 and March 2014. A preliminary cohort of 163 consecutive MCSM patients were
included in the present study, based on the following criteria: (1) clinically and radiographically
confirmed CSM, with or without ossification of the posterior longitudinal ligament (OPLL);
and (2) at least 3 intervertebral segments included in the operation [11, 12]. The exclusion cri-
teria were as follows: (1) spine tumor or trauma, (2) moderate or severe cervical kyphotic
deformity (C2-7 Cobb angle > 10°), (3) concomitant symptomatic disorders of the thoracic or
lumbar spine, and (4) a history of previous cervical spine surgery [13]. The minimum follow-
up period was 12 months.

Surgical Management

The choice of surgical approach depended on both the characteristics of the cord compression
and the experiences of the surgeons. Generally, the anterior approach was used for compres-
sions caused by only 3 degenerative discs and/or osteophytes. The posterior approach was
employed in cases of congenital and/or degenerative cervical stenosis involving 3 or more lev-
els, with or without ligamentum flavum hypertrophy. Finally, the combined approach was
used to treat multilevel cervical spondylosis accompanying severe ventral compression. We
arbitrarily defined severe ventral compression as a canal occupancy ratio of 50% or greater, or
between 40% and 50% in combination with slight cervical kyphosis [14]. All operations were
performed by the same surgical team. The anterior approach consisted of anterior cervical dis-
cectomy and fusion (ACDF) and anterior cervical corpectomy and fusion (ACCF) techniques,
while the posterior approach used open-door laminoplasty [15]. The one-stage combined pos-
terior-anterior approach was performed under general anesthesia in the prone position initially
(posterior stage), followed by the supine position (anterior stage). Postoperatively, each patient
remained in bed until his or her drainage tube was removed. In the 4 subsequent weeks, the
patients were allowed to walk with a soft cervical collar for comfort.

Clinical assessments

The patients’ neurological outcomes were assessed using the Japanese Orthopaedic Association
(JOA) scoring system [16], and the recovery rate was calculated according to the Hirabayashi
method: recovery rate (%) = (postoperative JOA score—preoperative JOA score)/(17 [full score]-
preoperative JOA score) x 100% [17]. Additionally, a set of treatment-related complications was
documented, including dysphagia, cerebrospinal fluid (CSF) leakage, C5 palsy, and wound com-
plications [18]. When evaluating postoperative complications, axial symptoms were considered
to be present if a patient complained about any kind of discomfort in the postoperative period,
including pain, fatigue, stiffness, and tightness in the neck, the shoulders, or the periscapular
region [15]. In contrast, axial pain specifically referred to the experience of nuchal or periscapu-
lar pain. Dysphonia, nerve root paresthesia, and other complications were defined as transient if
they were only observed during the perioperative period (within 30 days after surgery) [19].

Radiological assessments

Preoperative radiological assessments included radiography, computed tomography (CT), and
magnetic resonance imaging (MRI) examinations of the cervical spine. Cervical alignment was
measured in the profile of neutral lateral plain radiographs using Ishihara’s curvature index
(CI) [20]. The degree of cervical stenosis was indicated by the mean Pavlov ratio at levels C3
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through C6, as described previously [21]. The anteroposterior (AP) diameter [22] of the spinal
cord and the occupancy ratio [23] of the spinal canal at the site of maximal compression were

measured using T2-weighted magnetic resonance images (T2WTI). The appearance of increased
signal intensity (ISI) of the spinal cord on T2WI was confirmed by the same surgical team [22].

Statistical analysis

Data were statistically analyzed using SAS version 9.1.3 (SAS Institute Inc., Cary, NC). Results
for categorical and continuous variables are presented as counts with percentages and

means + standard deviations, respectively. The chi-square ()?) test, analysis of variance, the t-
test, or non-parametric analyses were used to assess differences among approaches, as appro-
priate [7]. Spearman’s rank correlation test was used to assess the association between 2 vari-
ables [24]. To account for key differences in baseline predictive variables, adjusted
multivariable analyses were performed using multiple linear regression [13]. Unless stated oth-
erwise, a 2-tailed p of less than 0.05 was considered statistically significant.

Results

Of the 163 preliminary subjects, 6 patients were excluded because of missing preoperative MRI
data, 2 patients died at around 1 year after surgery due to unrelated causes, and another 2 patients
were lost to follow-up. Therefore, at the final follow-up visit (mean, 20.5 + 7.6 months; range,
12-36 months), neurological function assessments were obtained in 153 (98.7%) of the 155 eligi-
ble subjects, including 19 (12.4%), 76 (49.7%), and 58 (37.9%) patients treated with anterior, pos-
terior, and combined approaches, respectively. The follow-up periods in these three groups were
18.0 + 6.6 months, 20.3 + 8.0 months, and 21.6 + 7.6 months, respectively (p = 0.201, Table 1). A
2-year follow-up was obtained for 3 patients (15.8%) in the anterior group, 28 patients (36.8%) in
the posterior group, and 26 patients (44.8%) in the combined group (p = 0.075, Table 1). No sig-
nificant differences were found among the three groups in terms of demographic parameters,
such as gender ratios, ages, or durations of symptoms (Table 1).

Comparison of the clinical efficacies of the three surgical approaches

Interestingly, the patients’ preoperative conditions seemed to be most favorable in the anterior
group, as indicated by the highest preoperative JOA score (anterior, 12.95 + 1.86; posterior,
11.73 £ 2.30; combined, 11.41 + 2.50; p = 0.046), the longest anteroposterior cord diameter
(anterior, 5.00 £ 1.45 mm; posterior, 3.96 £+ 1.56 mm; combined, 3.90 + 1.27 mm; p = 0.013),
and the highest Pavlov ratio (anterior, 0.860 + 0.105; posterior, 0.780 + 0.108; combined,

0.741 £ 0.111; p < 0.001). However, Ishihara’s CI was lowest in the anterior group (anterior,
-3.63 + 11.19; posterior, 8.23 + 11.56; combined, 6.98 + 11.65; p < 0.001), indicating that the
surgeons had preferred the anterior approach for treating cervical kyphosis. There were no sig-
nificant differences between the posterior and the combined groups in terms of preoperative
JOA score, anteroposterior diameter, Pavlov ratio, or Ishihara’s CI. However, among the three
groups, the combined group had both the highest incidence of ISI of the spinal cord on T2WI
(anterior, 36.8%; posterior, 57.9%; combined, 77.6%; p = 0.003) and the highest occupancy
ratio of the spinal canal resulting from ventral compression (anterior, 37.8% + 12.5%; posterior,
41.1% + 14.1%; combined, 48.0% * 11.6%; p = 0.002).

All patients in the anterior group had 3 intervertebral segments operated on, while the
majority of both the posterior (97.4%) and the combined (96.6%) groups had 4 segments oper-
ated on (Table 2). After laminoplasty, 45 (77.6%) and 13 (22.4%) patients in the combined
group received 1-level and 2-level anterior decompression, respectively (Fig 1). As a conse-
quence of receiving expanded manipulations, the combined group had the longest operating
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Table 1. Demographic and preoperative data of patients classified by surgical approach.

Anterior Posterior Combined p value
Total patients 19 76 58
Male 8 (42.1%) 52 (68.4%) 40 (69.0%) 0.075
Age (yr) 53.9+9.6 56.3+9.7 55.4£9.0 0.570
Body mass index 24.83 + 3.71 25.89 + 3.36 25.22 + 3.24 0.341
Diabetes 1 (5.3%) 6 (7.9%) 9 (15.5%) 0.366
Hypertension 9 (47.4%) 29 (38.2%) 18 (31.0%) 0.406
Current smoker 1 (5.3%) 18 (23.7%) 14 (24.1%) 0.174
Current drinker 0 (0.0%) 9 (11.8%) 6 (10.3%) 0.375
Symptom duration (mo) 48.8 +45.8 55.8 £ 80.3 40.7 £ 69.6 0.334
Follow-up (mo) 18.0+ 6.6 20.3+8.0 21676 0.201
Follow-up > 2 years 3 (15.8%) 28 (36.8%) 26 (44.8%) 0.075
Preoperative JOA score 12.95 + 1.86 11.73£2.30 11.41 £2.50 0.046
ISI on T2WI 7 (36.8%) 44 (57.9%) 45 (77.6%) 0.003
Canal occupancy ratio (%) 37.8+125 411 141 48.0+11.6 0.002
AP cord diameter (mm) 5.00 + 1.45 3.96 + 1.56 3.90+1.27 0.013
Ishihara’s curvature index -3.63+11.19 8.23 £ 11.56 6.98 £ 11.65 < 0.001
Mean Pavlov ratio 0.860 + 0.105 0.780 + 0.108 0.741 £ 0.111 < 0.001

JOA indicates Japanese Orthopaedic Association; IS, increased signal intensity; T2WI, T2-weighted magnetic resonance imaging; AP, anteroposterior.
Results are presented as mean + standard deviation, number (percentage), or number only.

doi:10.1371/journal.pone.0140031.t001

time (anterior, 104.9 + 19.4 min; posterior, 104.8 + 26.2 min; combined, 179.9 + 46.9 min;
p < 0.001) and the most blood loss (anterior, 248.4 + 207.9 ml; posterior, 275.3 + 140.7 ml;
combined, 363.3 + 256.0 ml; p = 0.003) among the three groups. After surgery, patients in both
the posterior and the combined groups stayed in the hospital for 5.8 days on average, whereas
patients in the anterior group spent an average of 4.2 days in the hospital (p < 0.001, Table 2).
At the final follow-up, significant neurological improvements were achieved in all three
groups, as assessed by the JOA scores (anterior, from 12.95 + 1.86 to 15.34 + 1.40; posterior,
from 11.73 + 2.30 to 14.92 * 1.56; combined, from 11.41 + 2.50 to 15.17 + 1.85; Table 3).

Table 2. Operation-related parameters of patients classified by surgical approach.

Anterior Posterior Combined p value

Segments operated on* 3.0£0.0 40+0.2 40+0.2 < 0.001
Anterior segments*

1 0 (0.0%) NA 45 (77.6%) NA

2 0 (0.0%) NA 13 (22.4%) NA

3 19 (100.0%) NA 0 (0.0%) NA
Posterior segments*

4 NA 74 (97.4%) 56 (96.6%) NA

5 NA 2 (2.6%) 2 (3.4%) NA
Operating Time (min) 104.9+19.4 104.8 £ 26.2 179.9 + 46.9 < 0.001
Blood Loss (ml) 248.4 £ 207.9 275.3 £ 140.7 363.3 £ 256.0 0.003
Postoperative hospitalized stay (d) 42+35 58+1.7 58+2.1 < 0.001

NA indicates not applicable. Results are presented as mean + standard deviation or number (percentage).
* Segments refer to intervertebral segments; for instance, C3-7 is considered as 4 segments.

doi:10.1371/journal.pone.0140031.1002
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Fig 1. A 53-year-old man who had multilevel cervical spondylotic myelopathy and underwent a combined surgical approach. He suffered from
compressions at the C3-6 level (A—D) with a canal occupancy ratio of 54.9% at the maximal compression level (C4-5, compressed by both OPLL and the
herniated disc), and was treated with C3-7 laminoplasty followed by C5 ACCF (E—H). Two years after surgery, his JOA score had improved from 8.0 to 16.0
without radiological recompression. (A) Preoperative neutral lateral radiograph. (B) Preoperative T2-weighted sagittal MRI. (C) Preoperative T2-weighted
axial MRl at the C4-5 level. (D) Preoperative CT image at the C4-5 level. (E) Postoperative neutral lateral radiograph. (F) Postoperative T2-weighted sagittal
MRI. (G) Postoperative T2-weighted axial MRI at the C4-5 level. (H) Postoperative CT image at the C4-5 level. Arrows indicate the maximal compression
levels (B, F) where the axial MRI (C, G) and CT (D, H) images should be localized (Scale bar, 10 mm).

doi:10.1371/journal.pone.0140031.g001

Although no significant differences were found among the three groups with respect to postop-
erative JOA score (p = 0.257), JOA improvement was significantly higher in the combined
group than in the anterior group (anterior, 2.39 + 1.40; posterior, 3.19 + 2.31; combined,

3.77 £ 2.15; p = 0.047). Further, the JOA recovery rates in the anterior, posterior, and combined
groups were 59.7% + 25.3%, 54.6% + 44.9%, and 68.9% * 23.7%, respectively (p = 0.163). Nota-
bly, the JOA improvement values and recovery rates seemed to be higher in the combined
group than in the posterior group, although the differences were not statistically significant.
After adjusting for the demographic and preoperative confounders that are listed in Table 1,

no significant differences in neurological outcomes (JOA score, improvement and recovery
rate) were observed among the three groups (Table 3).

The overall complication rates of the three groups did not differ significantly from each
other (p = 0.600, Table 3). Five subjects (26.3%) in the anterior group and 4 subjects (6.9%) in
the combined group suffered from temporary dysphonia after surgery, but no one in the poste-
rior group experienced this complication (p < 0.001). Similarly, dysphagia was only reported
in the anterior (1 subject, 5.3%) and combined (3 subjects, 5.2%) groups. In contrast, all 3 sub-
jects who underwent reoperation were in the posterior group (3.9%). Two of these subjects
received a reoperation for lamina closure, and one of these patients received a reoperation for a
planned two-stage operation. There were also 2 cerebrospinal fluid (CSF) leakages (3.4%), 1
superficial wound infection (1.7%), 1 transient C5 palsy (1.7%), 21 axial symptoms (36.2%),
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Table 3. Postoperative neurological functions and complications.

Postoperative JOA
JOA improvement
JOA recover rate (%)
Adjusted postoperative JOA*
Adjusted JOA improvement*
Adjusted JOA recover rate (%)*
Complications
Dysphagia
Transient dysphonia
Transient nerve root paresthesia
Wound complications
CSF leakage
Axial pain
Axial symptoms
C5 palsy
Reoperation
Complication rate

Anterior Posterior Combined p value
15.34 £+ 1.40 14.92 + 1.56 15.17 £ 1.85 0.257
2.39+1.40 3.19 £ 2.31 3.77 £2.15 0.047
59.7 +25.3 54.6 +44.9 68.9 + 23.7 0.163
14.81 £ 0.38 14.97 £ 0.17 15.28 + 0.20 0.424
3.05+0.38 3.21+£0.17 3.52 + 0.20 0.424

57.7+9.2 545+4.2 69.6 £ 5.0 0.080

1 (5.3%) 0 (0.0%) 3 (5.2%) 0.087

5 (26.3%) 0 (0.0%) 4 (6.9%) <0.001

2 (10.5%) 8 (10.5%) 1(1.7%) 0.096

0 (0.0%) 3 (3.9%) 1(1.7%) 0.785

0 (0.0%) 0 (0.0%) 2 (3.4%) 0.376

3 (15.8%) 13 (17.1%) 6 (10.3%) 0.555

7 (36.8%) 29 (38.2%) 21 (36.2%) 0.972

0 (0.0%) 3 (3.9%) 1(1.7%) 0.785

0 (0.0%) 3 (3.9%) 0 (0.0%) 0.360
11 (57.9%) 38 (50.0%) 26 (44.8%) 0.600

JOA indicates Japanese Orthopaedic Association; CSF, cerebrospinal fluid. The unadjusted results are presented as mean * standard deviation or
number (percentage), while the adjusted results (indicated by *) are presented as mean + standard error.

* Adjusted for the demographic and preoperative parameters, including sex, age, body mass index, diabetes, hypertension, smoking, drinking, duration of
symptoms, preoperative JOA score, increased signal intensity on T2-weighted MR imaging, canal occupancy ratio, anteroposterior diameter, Pavlov ratio,

and Ishihara’s curvature index.

doi:10.1371/journal.pone.0140031.t003

and 6 axial pains (10.3%) that occurred in the combined group. With the exception of transient
dysphonia, however, there were no statistically significant differences between the rates of the
complications in the three surgical groups.

Is an occupancy ratio-related indication appropriate for the combined
approach?

The anterior-only, posterior-only, and combined approaches were found to have equivalent
clinical efficacy, which raises the question, “What surgical indications are appropriate for the
combined approach?” In our clinical practice, we arbitrarily choose the combined approach for
multilevel cervical spondylosis associated with severe ventral compression, especially when the
occupancy ratio of the spinal canal exceeded 50% [14, 25]. However, few studies have investi-
gated the appropriateness of this occupancy ratio-related indication in clinical practice.

For this purpose, further analyses were conducted in the subgroups of patients with occu-
pancy ratios of at least 50% (Table 4). The anterior subgroup was excluded from these analyses
because of the limited sample size of patients with occupancy ratios > 50% (number of sub-
jects: anterior, 3; posterior, 20; combined, 24), and the remaining two groups were found to
have similar occupancy ratios at baseline (posterior, 60.0% * 6.7%; combined, 58.8% * 6.7%;

p =0.560) and preoperative JOA scores (posterior, 11.13 + 2.44; combined, 11.06 + 2.41;

p =0.933). The posterior and combined approaches did not differ significantly in terms of
JOA-related clinical outcomes at the final follow-up (preoperative JOA score, p = 0.598; JOA
improvement, p = 0.782; JOA recover rate, p = 0.838; Table 4).
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Table 4. Subgroup analyses of the MCSM patients with occupancy ratios > 50%.

Occupancy ratio > 50% Anterior* Posterior Combined p value*
Patient number 3 20 24

Occupancy ratio (%) 59.2+25 60.0 £ 6.7 58.8+6.7 0.560
Preoperative JOA 11.00 + 0.87 11.13+2.44 11.06 + 2.41 0.933
Postoperative JOA 13.83+1.15 15.28 £ 1.15 15.00 + 2.06 0.598
JOA improvement 2.83+0.29 415 +2.67 3.94 £2.39 0.782
JOA recover rate (%) 48.3+10.9 64.3 £ 425 66.5 + 26.7 0.838

JOA indicates Japanese Orthopaedic Association. Results are presented as mean + standard deviation or number only.
* Because of the limited sample size (n = 3), the anterior approach was excluded from the statistical comparisons.

doi:10.1371/journal.pone.0140031.t004

To further clarify the role of the occupancy ratio in surgical decision-making for MCSM,
the relationship between the occupancy ratio and postoperative neurological recovery was
investigated using correlation analysis. First, scatterplots were created of all the patients’ data,
as grouped by surgical approach, with the occupancy ratio on the x-axis and the postoperative
JOA score, improvement, or recovery rate on the y-axis (Fig 2). Next, Spearman’s rank correla-
tion test was performed to determine the associations between these variables. Except for a
moderately negative correlation between the occupancy ratio and postoperative JOA in the
anterior group (Spearman’s p = -0.585, p = 0.009), no other correlations were statistically sig-
nificant, suggesting that occupancy ratio does not have a negative association with the surgical
efficacy of the posterior or combined approach. Since the sample size of the anterior group was
relatively small (n = 19) and the postoperative JOA score was also affected by the preoperative
JOA (Spearman’s p = -0.650, p = 0.003), the occupancy ratio’s role in the efficacy of the anterior
surgical approach was inconclusive.

Discussion

Although increasingly many studies have assessed the efficacy of a combined approach in the
treatment of MCSM, a clear consensus has not been reached. Konya et al [6] and Karpova et al
[22] suggested that the combined approach was as effective as other approaches for symptom
relief. The first part of our analysis also demonstrated that all three surgical approaches could
effectively improve the neurological function of MCSM patients, if applied appropriately. Fur-
ther, the anterior, posterior, and combined approaches were observed to have equivalent func-
tional outcomes. Interestingly, the combined approach achieved much better neurological
improvements than did the anterior approach, but the differences were eliminated after adjust-
ing for baseline confounders. This result is similar to that of a recent multicenter study by Fehl-
ings et al [13], in which patients chosen for the anterior approach usually had less severe
conditions, as assessed by their preoperative JOA scores. It is possible that because the preoper-
ative conditions were less severe, there was relatively limited room for improvement in neuro-
logical function. In another retrospective study, Wen et al [7] claimed that the combined
approach consistently had the highest JOA recovery rate, both before and after multivariable
adjustment. In the present study, the combined group had a higher JOA recovery rate than the
other two groups, but the difference did not appear to be statistically significant. This discrep-
ancy may result from variation among the research subjects and the surgeons’ familiarity with
different techniques.

In addition to efficacy, safety is another important factor that influences the application of
the combined approach in clinical practice. After prospectively investigating 302 patients from
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Fig 2. Scatterplots of the relationships between the occupancy ratio and neurological outcomes. (A) Postoperative JOA score versus occupancy
ratio. (B) JOA improvement versus occupancy ratio. (C) JOA recovery rate versus occupancy ratio. Data were grouped by surgical approach. Each graph
presents Spearman’s rank-correlation coefficient (p), the associated p-value, and a best-fit line.

doi:10.1371/journal.pone.0140031.g002

the AOSpine North America Cervical Spondylotic Myelopathy Study, Fehlings et al [19]
claimed that the combined approach was associated with increased rates of postoperative com-
plications, especially dysphagia. Sembrano et al [26] have reported that, as compared with the
anterior-only approach, the combined anterior-posterior approach could significantly reduce
the incidence of reoperations caused by pseudarthrosis, but could not reduce the overall reop-
eration rate. In the present study, we found that the rates of postoperative complications,
including dysphagia and reoperation, were all comparable among the three approaches, with
the exception of a higher incidence of transient dysphonia in the anterior group. In fact, none
of the 58 patients in the combined group underwent a reoperation, while 3 patients in the pos-
terior group had reoperations. Thus, our results suggest that the combined approach is at least
as safe as the other approaches, although it usually results in the most surgical trauma (as indi-
cated by increased operating times and blood loss).

The surgical indication for the combined approach in CSM treatment remains controver-
sial. Because of its disadvantages, such as technical complexity, prolonged surgical times, and
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increased blood loss, the combined approach used to be a surgical strategy that was reserved
for complicated cases of CSM [8, 27]. Generally speaking, patients who have CSM with severe
kyphotic deformity, osteoporosis, or instability should be considered for the combined
approach [15]. MCSM associated with severe ventral compression is another important indica-
tion for the addition of anterior decompression after posterior manipulations, especially when
the occupancy ratio of the spinal canal exceeds 50%, [14, 25]. However, there has been little evi-
dence in the literature to verify this occupancy ratio-related indication. In the second part of
this study, we focused on the subgroup of patients with high occupancy ratios to examine
whether the combined approach was suitable for treating MCSM with large ventral compres-
sions. We performed a correlation analysis to test whether increases in the occupancy ratio
were correlated with compromised outcomes when using the anterior-only or posterior-only
approach for MCSM. To our surprise, both results implied that the occupancy ratio of the spi-
nal canal at the maximal compression level might not be an appropriate indication for the com-
bined approach. Further studies are required to determine the most suitable indication for the
combined approach.

The major limitations to our study are that it had a retrospective design and lacked random-
ization, making biases and confounding difficult to control. Further, although the small size of
the anterior group is expected and reasonable, given that surgeons usually prefer the posterior
and combined approaches for MSCM treatment [8], this small number of patients presented a
limitation to our additional analyses. Our study was also limited by its reliance on data from
the final follow-up; if we had analyzed multiple, periodic follow-ups, it would have been possi-
ble to investigate the dynamics of the recovery processes after surgery. Additionally, all of our
results were limited to selected patients with normal sagittal alignment or mild degrees of
kyphosis. Finally, it is possible that the complication rates were lower than those of other study
cohorts because of the retrospective nature of our investigation.

Conclusions

This retrospective study demonstrates that the anterior, posterior, and combined surgical strat-
egies are all effective and reliable options for the treatment of MCSM. After adjustment for
potential confounders, patients treated with the anterior, posterior, and one-stage combined
posterior-anterior approaches experience equivalent neurological recoveries when the current
surgical indications are employed. Among patients with heavy ventral compression, the neuro-
logical recoveries following treatment with the combined approach do not differ significantly
from those following treatment with the posterior approach. Furthermore, there is no signifi-
cant association between high occupancy ratios and compromised recovery in the MCSM
patients treated with posterior-only approach, indicating that there are important limitations
to the occupancy ratio-related surgical indication for the combined approach. Further studies
are required in the future, especially prospective, randomized, multicenter controlled trials
with long-term follow-up.

Acknowledgments
We thank Mrs. Chen Mei REN for her help in data collection.

Author Contributions

Conceived and designed the experiments: L] ZJL. Performed the experiments: XML L] ZJL
XGL FW MY FLW. Analyzed the data: XML L] H. Zhang H. Zhou. Contributed reagents/
materials/analysis tools: H. Zhang. Wrote the paper: XML LJ.

PLOS ONE | DOI:10.1371/journal.pone.0140031 October 13,2015 10/12



@’PLOS ‘ ONE

Surgical Approaches to Multilevel Cervical Spondylotic Myelopathy

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Karadimas SK, Erwin WM, Ely CG, Dettori JR, Fehlings MG. Pathophysiology and natural history of
cervical spondylotic myelopathy. Spine (Phila Pa 1976). 2013; 38(22 Suppl 1):S21-36. PMID:
23963004.

Furlan JC, Kalsi-Ryan S, Kailaya-Vasan A, Massicotte EM, Fehlings MG. Functional and clinical out-
comes following surgical treatment in patients with cervical spondylotic myelopathy: a prospective
study of 81 cases. J Neurosurg Spine. 2011; 14(3):348-55. doi: 10.3171/2010.10.SPINE091029
PMID: 21235299.

Aryan HE, Sanchez-Mejia RO, Ben-Haim S, Ames CP. Successful treatment of cervical myelopathy
with minimal morbidity by circumferential decompression and fusion. Eur Spine J. 2007; 16(9):1401-9.
doi: 10.1007/s00586-006-0291-9 PMID: 17216528; PubMed Central PMCID: PMC2200762.

Konig SA, Spetzger U. Surgical management of cervical spondylotic myelopathy—indications for ante-
rior, posterior or combined procedures for decompression and stabilisation. Acta Neurochir (Wien).
2014; 156(2):253-8; discussion 8. doi: 10.1007/s00701-013-1955-y PMID: 24292777.

Gok B, Sciubba DM, McLoughlin GS, McGirt M, Ayhan S, Wolinsky JP, et al. Surgical treatment of cer-
vical spondylotic myelopathy with anterior compression: a review of 67 cases. J Neurosurg Spine.
2008; 9(2):152—7. doi: 10.3171/SP1/2008/9/8/152 PMID: 18764747.

Konya D, Ozgen S, Gercek A, Pamir MN. Outcomes for combined anterior and posterior surgical
approaches for patients with multisegmental cervical spondylotic myelopathy. J Clin Neurosci. 2009;
16(3):404-9. doi: 10.1016/j.jocn.2008.07.070 PMID: 19153044,

Wen SF, Wong 10, Long MJ, Li JG, Li XF, Guo DM, et al. Effectiveness of 3 surgical decompression
strategies for treatment of multilevel cervical myelopathy in 3 spinal centers in China: a retrospective
study. Spine (Phila Pa 1976). 2012; 37(17):1463-9. PMID: 22842538.

Lawrence BD, Shamji MF, Traynelis VC, Yoon ST, Rhee JM, Chapman JR, et al. Surgical management
of degenerative cervical myelopathy: a consensus statement. Spine (Phila Pa 1976). 2013; 38(22
Suppl 1):5171-2. PMID: 23963012.

Suda K, Abumi K, Ito M, Shono Y, Kaneda K, Fujiya M. Local kyphosis reduces surgical outcomes of
expansive open-door laminoplasty for cervical spondylotic myelopathy. Spine (Phila Pa 1976). 2003;
28(12):1258-62. PMID: 12811268.

Yoon ST, Raich A, Hashimoto RE, Riew KD, Shaffrey Cl, Rhee JM, et al. Predictive factors affecting
outcome after cervical laminoplasty. Spine (Phila Pa 1976). 2013; 38(22 Suppl 1):S232-52. PMID:
23962999.

Kalsi-Ryan S, Karadimas SK, Fehlings MG. Cervical spondylotic myelopathy: the clinical phenomenon
and the current pathobiology of an increasingly prevalent and devastating disorder. The Neuroscientist:
a review journal bringing neurobiology, neurology and psychiatry. 2013; 19(4):409-21. doi: 10.1177/
1073858412467377 PMID: 23204243.

Kim HJ, Tetreault LA, Massicotte EM, Arnold PM, Skelly AC, Brodt ED, et al. Differential diagnosis for
cervical spondylotic myelopathy: literature review. Spine (Phila Pa 1976). 2013; 38(22 Suppl 1):S78—
88. PMID: 23962997.

Fehlings MG, Barry S, Kopjar B, Yoon ST, Arnold P, Massicotte EM, et al. Anterior versus posterior sur-
gical approaches to treat cervical spondylotic myelopathy: outcomes of the prospective multicenter
AOSpine North America CSM study in 264 patients. Spine (Phila Pa 1976). 2013; 38(26):2247-52.
PMID: 24108289.

Kalb S, Martirosyan NL, Perez-Orribo L, Kalani MY, Theodore N. Analysis of demographics, risk fac-
tors, clinical presentation, and surgical treatment modalities for the ossified posterior longitudinal liga-
ment. Neurosurg Focus. 2011; 30(3):E11. doi: 10.3171/2010.12.FOCUS 10265 PMID: 21361749.

Harry NH, Steven RG, Frank JE, Gordon RB, Richard AB. Rothman-Simeone The Spine, 6th Edition:
Saunders; 2011. 762-90 p.

Yonenobu K, Abumi K, Nagata K, Taketomi E, Ueyama K. Interobserver and intraobserver reliability of
the japanese orthopaedic association scoring system for evaluation of cervical compression myelopa-
thy. Spine (Phila Pa 1976). 2001; 26(17):1890—4; discussion 5. PMID: 11568701.

Kato S, Oshima Y, Oka H, Chikuda H, Takeshita Y, Miyoshi K, et al. Comparison of the Japanese
Orthopaedic Association (JOA) Score and Modified JOA (mJOA) Score for the Assessment of Cervical
Myelopathy: A Multicenter Observational Study. PLoS One. 2015; 10(4):e0123022. doi: 10.1371/
journal.pone.0123022 PMID: 25837285; PubMed Central PMCID: PMC4383381.

Shamiji MF, Massicotte EM, Traynelis VC, Norvell DC, Hermsmeyer JT, Fehlings MG. Comparison of
anterior surgical options for the treatment of multilevel cervical spondylotic myelopathy: a systematic
review. Spine (Phila Pa 1976). 2013; 38(22 Suppl 1):5195-209. PMID: 23962998.

PLOS ONE | DOI:10.1371/journal.pone.0140031

October 13,2015 11/12


http://www.ncbi.nlm.nih.gov/pubmed/23963004
http://dx.doi.org/10.3171/2010.10.SPINE091029
http://www.ncbi.nlm.nih.gov/pubmed/21235299
http://dx.doi.org/10.1007/s00586-006-0291-9
http://www.ncbi.nlm.nih.gov/pubmed/17216528
http://dx.doi.org/10.1007/s00701-013-1955-y
http://www.ncbi.nlm.nih.gov/pubmed/24292777
http://dx.doi.org/10.3171/SPI/2008/9/8/152
http://www.ncbi.nlm.nih.gov/pubmed/18764747
http://dx.doi.org/10.1016/j.jocn.2008.07.070
http://www.ncbi.nlm.nih.gov/pubmed/19153044
http://www.ncbi.nlm.nih.gov/pubmed/22842538
http://www.ncbi.nlm.nih.gov/pubmed/23963012
http://www.ncbi.nlm.nih.gov/pubmed/12811268
http://www.ncbi.nlm.nih.gov/pubmed/23962999
http://dx.doi.org/10.1177/1073858412467377
http://dx.doi.org/10.1177/1073858412467377
http://www.ncbi.nlm.nih.gov/pubmed/23204243
http://www.ncbi.nlm.nih.gov/pubmed/23962997
http://www.ncbi.nlm.nih.gov/pubmed/24108289
http://dx.doi.org/10.3171/2010.12.FOCUS10265
http://www.ncbi.nlm.nih.gov/pubmed/21361749
http://www.ncbi.nlm.nih.gov/pubmed/11568701
http://dx.doi.org/10.1371/journal.pone.0123022
http://dx.doi.org/10.1371/journal.pone.0123022
http://www.ncbi.nlm.nih.gov/pubmed/25837285
http://www.ncbi.nlm.nih.gov/pubmed/23962998

@’PLOS ‘ ONE

Surgical Approaches to Multilevel Cervical Spondylotic Myelopathy

19.

20.

21.

22,

23.

24.

25.

26.

27.

Fehlings MG, Smith JS, Kopjar B, Arnold PM, Yoon ST, Vaccaro AR, et al. Perioperative and delayed
complications associated with the surgical treatment of cervical spondylotic myelopathy based on 302
patients from the AOSpine North America Cervical Spondylotic Myelopathy Study. J Neurosurg Spine.
2012; 16(5):425-32. doi: 10.3171/2012.1.SPINE11467 PMID: 22324802.

Takeshita K, Murakami M, Kobayashi A, Nakamura C. Relationship between cervical curvature index
(Ishihara) and cervical spine angle (C2—7). J Orthop Sci. 2001; 6(3):223—-6. PMID: 11484114.

Aebli N, Wicki AG, Ruegg TB, Petrou N, Eisenlohr H, Krebs J. The Torg-Pavlov ratio for the prediction
of acute spinal cord injury after a minor trauma to the cervical spine. Spine J. 2013; 13(6):605—12. doi:
10.1016/j.spinee.2012.10.039 PMID: 23318107.

Karpova A, Arun R, Davis AM, Kulkarni AV, Massicotte EM, Mikulis DJ, et al. Predictors of surgical out-
come in cervical spondylotic myelopathy. Spine (Phila Pa 1976). 2013; 38(5):392—400. PMID:
23448898.

Koakutsu T, Morozumi N, Ishii Y, Kasama F, Sato T, Tanaka Y, et al. Anterior decompression and
fusion versus laminoplasty for cervical myelopathy caused by soft disc herniation: a prospective multi-
center study. J Orthop Sci. 2010; 15(1):71-8. doi: 10.1007/s00776-009-1429-4 PMID: 20151254

Morio Y, Teshima R, Nagashima H, Nawata K, Yamasaki D, Nanjo Y. Correlation between operative
outcomes of cervical compression myelopathy and mri of the spinal cord. Spine (Phila Pa 1976). 2001;
26(11):1238-45. PMID: 11389390.

Fujimori T, lwasaki M, Okuda S, Takenaka S, Kashii M, Kaito T, et al. Long-term results of cervical mye-
lopathy due to ossification of the posterior longitudinal ligament with an occupying ratio of 60% or more.
Spine (Phila Pa 1976). 2014; 39(1):58—67. PMID: 24108293.

Sembrano JN, Mehbod AA, Garvey TA, Denis F, Perra JH, Schwender JD, et al. A concomitant poste-
rior approach improves fusion rates but not overall reoperation rates in multilevel cervical fusion for
spondylosis. J Spinal Disord Tech. 2009; 22(3):162—9. PMID: 19412017.

Abumi K. Cervical spondylotic myelopathy: posterior decompression and pedicle screw fixation. Eur
Spine J. 2015; 24 Suppl 2:186-96. doi: 10.1007/s00586-015-3838-9 PMID: 25813005.

PLOS ONE | DOI:10.1371/journal.pone.0140031

October 13,2015 12/12


http://dx.doi.org/10.3171/2012.1.SPINE11467
http://www.ncbi.nlm.nih.gov/pubmed/22324802
http://www.ncbi.nlm.nih.gov/pubmed/11484114
http://dx.doi.org/10.1016/j.spinee.2012.10.039
http://www.ncbi.nlm.nih.gov/pubmed/23318107
http://www.ncbi.nlm.nih.gov/pubmed/23448898
http://dx.doi.org/10.1007/s00776-009-1429-4
http://www.ncbi.nlm.nih.gov/pubmed/20151254
http://www.ncbi.nlm.nih.gov/pubmed/11389390
http://www.ncbi.nlm.nih.gov/pubmed/24108293
http://www.ncbi.nlm.nih.gov/pubmed/19412017
http://dx.doi.org/10.1007/s00586-015-3838-9
http://www.ncbi.nlm.nih.gov/pubmed/25813005

