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Abstract

Objective To investigate the changes of spinal cord angle between anterior controllable antedisplacement and fusion (ACAF)
and posterior laminectomy in treating severe ossification of the posterior longitudinal ligament (OPLL).

Patients and methods Seventy-one patients with cervical OPLL were enrolled. Patients in this study were divided into group A
and group P. Japanese Orthopaedic Association (JOA) score was utilized to evaluate the neurological function. Radiological assess-
ments included the spinal cord angle, Cobb angle, and area of the spinal cord. Surgery-related complications were also recorded.
Results At the final follow-up, patients in group A had better recovery of local and whole cord angle, and the area of the cord
than those in group P (all p <0.05). A strong correlation between the change of local cord angle and the recovery of the spinal
cord area was observed (r=—0.867, p<0.05). In addition, patients in group P had worse Cobb angle (9.15° +1.10°) than in
group A (18.58°+0.73°) (p <0.05). The final mean JOA score and its improvement rate were better in the group A than in group
P (» <0.05). During the follow-up, 15.15% patients in group P experienced surgery-related complications and 7.89% in group A.
Conclusion This present study revealed that ACAF can achieve better recovery of the expansion of the spinal cord, spinal
cord alignment, and Cobb angle, with better postoperative JOA score and less complications, compared with posterior
laminectomy in treating severe cervical OPLL.
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Introduction

Cervical ossification of the posterior longitudinal ligament
(OPLL) has been one of the major contributors to cervical
myelopathy, characterized by bone formation in the posterior
ligament tissue. Patients with OPLL frequently exhibit sen-
sory, motor, and even sphincteric dysfunction [1]. Surgical
intervention has been proven to be the most effective treat-
ment, especially for severe OPLL with an occupying rate
of more than 50% [2—4]. The key idea of surgical treatment
for cervical OPLL is to release the compression and recon-
struct the physiological curvature of cervical spine. Anterior
cervical corpectomy and fusion (ACCF) could decompress
the spinal cord directly. However, this technique is highly
technically demanding, and for those patients with a high
occupying rate and/or multilevel segments, the surgery-
related complications were inevitably encountered, includ-
ing cerebrospinal fluid (CSF) leakage, spinal cord injury,
and graft dislodgment [5, 6]. On the contrary, posterior
approach (laminoplasty and laminectomy with or without
fusion) is relatively safe with fewer complications. Good
results have been reported after posterior surgery for OPLL
in many studies [7, 8]. However, the benefits for patients
with K-line (-) or larger ossified mass would be limited, and
posterior axial pain, loss of cervical lordosis, and C5 nerve
palsy have been frequently observed [9].

Many factors were reported to correlate with the surgi-
cal outcomes, including age, duration of symptoms, pre-
operative cervical alignment, and occupying rate of the
spinal canal [10, 11]. However, it is still controversial to
identify the best clinical indicator to predict postoperative
prognosis among the aforementioned parameters. In fact, the
main symptoms of cervical OPLL result from the chronic
compression and damage of spinal cord. Posterior laminec-
tomy can achieve decompression indirectly. However, many
patients who underwent posterior decompression technique
cannot acquire satisfactory recovery of spinal cord morphol-
ogy, such as postoperative cord kyphosis [12, 13]. The poste-
rior shift itself we believe could interrupt the normal spinal
cord function, and the morphology of spinal cord, including
the whole cord alignment and local compression, is theoreti-
cally optimum for neurological function.

We have previously proposed a novel technique, ACAF,
to treat severe OPLL [14]. Instead of resecting the OPLL,
ACAF moves the vertebrae with OPLL ventrally in a hoist-
ing manner and patients can acquire direct decompression
with good cord expansion and alignment [15]. Here, we have
proposed a novel radiological parameter, spinal cord angle,
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to reflect the morphology of spinal cord and further com-
pared it with posterior laminectomy.

Methods and materials
Patients’ population

We retrospectively reviewed the medical records of patients
with symptoms of cervical myelopathy due to OPLL who
had underwent surgical decompression from August 2016
to July 2017 in our institution.

The inclusion criteria were: (1) cervical myelopathy
due to OPLL; (2) severe OPLL (occupying rate more than
60%); the occupying rate was used to reflect the condi-
tion of occupied spinal canal, which was calculated as
follows: occupying rate = the thickness of ossified mass at
the most compressed level/the anteroposterior diameter of
the spinal canal at the same level X 100%, and the OPLL
with the occupying rate of more than 60% was frequently
considered as the severe OPLL; (3) treated by ACAF, or
posterior laminectomy; and (4) without any dorsal com-
pression to the spinal cord.

The exclusion criteria were: (1) cervical myelopathy
caused by cervical disk herniation or spondylosis; (2)
those with a history of cervical trauma, infection, and
tumor; (3) those without a complete data of follow-up;
(4) clinical symptoms resulting from thoracic or lumbar
degenerative disease; (5) congenital spinal deformity; (6)
combined with neurological disease such as Parkinson
and Alzheimer dementia; (7) diabetes or other meta-
bolic diseases without regular treatment and well con-
trol; and (8) a history of psychosis, or alcoholism or drug
addiction.

Indications for surgery were neurological vulnerability
due to myelopathy, radiculopathy, and/or intractable pain.
Neurophysiologic monitoring including somatosensory-
evoked potentials, spontaneous electromyogram, and/
or motor-evoked potential intraoperatively was used in
all patients during surgery. Patients were divided into
two group A (ACAF) and group P (posterior laminec-
tomy, including laminectomy with instrumented fusion
and hemilaminectomy and unilateral fixation). Table 1
shows the demographic data of the included patients. All
patients underwent X-ray films, computed tomography
(CT), and MRI before and after surgery.



European Spine Journal (2020) 29:1001-1012

1003

This study was approved by the institutional review
board of our institution, and all patients signed the
informed consent.

Selection of surgical procedure

The sample size in each group was determined by the num-
ber of eligible cases during the study period, and a total of
71 patients were finally enrolled in this study. All patients
were informed of the purpose of this study before surgery,
with well-explained manipulation differences of surgical
technique (ACAF or posterior laminectomy). Before sur-
gery, we would inform all patients of related advantages
and potential disadvantages of different surgical methods.
Simultaneously, we would take into consideration the char-
acteristics of the cervical OPLL, including the extent, type,
and position of the ossified mass, and patients’ physical con-
ditions. In addition, for patients with severe kyphosis, ACAF
would be recommended.

Finally, the selection of surgical decompression method
(ACAF or posterior laminectomy) was confirmed by both
patients’ acceptance, sagittal alignment, severity of OPLL,
and doctors’ experience.

Surgical technique

The surgical procedures of posterior laminectomy including
hemilaminectomy in this study have been well described
in previous literature [16, 17]. For the surgery of ACAF,
the process of ACAF has been reported previously and
is illustrated in Fig. 1. Briefly, after general endotracheal

anesthesia, the patient was placed in a supine position appro-
priately with the neck slightly extended. The vertebrae at
both ends of the OPLL were defined as the upper- (UV)
and lower-end vertebrae (LV), respectively, and the surgical
exposure range of ACAF included the cephalic adjacent disk
level to the UV and caudal adjacent disk level to the LV. The
surgical level was confirmed via intraoperative radiography,
and a standard right- or left-sided Smith—Robinson incision
was conducted to expose the subcutaneous tissue and deep
structures. After necessary discectomies, the resection of
posterior longitudinal ligament at caudal and cranial ends
of involved levels was performed to facilitate the further
hoisting of the vertebrae—OPLL complex (VOC). The proper
amount of anterior vertebral bodies of VOC was resected
according to the thickness of the ossified mass and the anter-
oposterior diameter of the spinal canal. Following this, bilat-
eral osteotomies for complete isolation of the VOC from
the surrounding bony structures were conducted using high-
speed drill, and this procedure was repeated at each affected
level. Simultaneously, the intervertebral carbon fiber cages
with autogenic bone were placed at corresponding levels.
And the precurved cervical plate was fixed at caudal and
cephalad vertebrae by screws which was inserted halfway
for temporary fixation. Finally, the screws were gradually
tightened in each vertebral body at the same pace to achieve
anteriorly hoisting of the VOC and allogenic iliac bone was
implanted into the groove to ensure fusion. All patients had
neurophysiologic monitoring (somatosensory-evoked poten-
tials), spontaneous electromyogram, and/or motor-evoked
potential intraoperatively. All patients were operated by
the spine surgeons who had at least ten-year experience of

Table 1 Clinical characteristics

of patients with cervical OPLL

Parameters Group A Group P p
Numbers of patients 38 33
Mean age (year) 58.18+1.82 58.06+2.33 >0.05
Gender >0.05
Female 11 11
Male 27 22
Mean duration of symptoms (months) 19+5.8 18+4.9 >0.05
Area of the spinal cord (mm?)
Preoperation 59.72+26.88 58.01+£28.33 >0.05
Final follow-up 77.16 +22.65" 69.49 +25.81* <0.05
Change 17.55+15.11 11.49+9.21 <0.05
Complications
Cerebrospinal fluid leakage 1 1
C5 nerve palsy 1 3
Dysphagia 1 0
Postoperative hematoma 0 1
Total complication rate 7.89% 15.15%

OPLL ossification of the posterior longitudinal ligament

#p <0.05, compared with the preoperative data using paired ¢ test
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Fig. 1 Illustration of anterior
controllable antedisplacement
and fusion (ACAF) in sagittal
(a—d) and axial (e—j) views.

a Removal of the disk tissues
and osteophytes of the affected
segments. b Removal of the
anterior portion of the involving
vertebral bodies. ¢ Prefixation
of the cervical plate and screws
and slotting on both sides of
the affected vertebral bodies. d
Controllable antedisplacement
of the vertebrae—OPLL complex
(VOCQ). e Ossification of the
posterior longitudinal ligament
(OPLL) at the operative level. f
Removal of the anterior portion
of the vertebral body. g Slotting
at one side lateral to the margin
of the OPLL. h Prefixation of
cervical plate and screws. i
Slotting at the other side lateral
to the margin of the OPLL. j
Controllable antedisplacement
of the VOC. LV lower-end ver-
tebrae, UV upper-end vertebrae

spine surgery from the same surgical team. After surgery, all
patients wore a Philadelphia collar routinely postoperatively
for at least 3 months.

Clinical assessment

All patients were followed up at 6 months, and 12 months
after surgery, respectively. Japanese Orthopaedic Asso-
ciation (JOA) score was utilized to evaluate the neurologi-
cal function, and the improvement rate (IR) of JOA was
calculated as IR =(final JOA score — preoperative JOA
score/17 — preoperative JOA score) X 100%. Complications
of CSF leakage, C5 nerve palsy, dysphagia, and hematoma
were also recorded.

Radiological assessment

A diagnosis of OPLL was established for all the patients
according to the results of a preoperative radiological exami-
nation. The measurement technique is presented in Fig. 1.
Cervical Cobb angle was defined as the angle formed by
two lines between the lower end plate of C2 and the lower
end plate of C7 on lateral X-rays (angle o) (Fig. 2a) [18].
The spinal cord angle was divided into local cord angle and
whole cord angle. The local cord angle (angle p) was defined
as the angle formed by the two lines tangential to the bilat-
eral rims of the compressed spinal cord area at the maximal
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compression level on mid-sagittal view of T2-weighted
MRI, which was used to evaluate the local expansion of the
spinal cord after decompression surgery (Fig. 2b, ossified
mass indicated by red dotted circle). The whole cord angle
(angle y) was to evaluate the overall alignment of the spinal
cord which has been reported to correlate with postopera-
tive clinical outcomes previously [19]. When measuring the
whole cord angle, two lines were drawn parallel to the lower
end plate of C2 and C7 and intersected the posterior rim of
the cord at point A and point C. The line connecting point
A and point C was defined as the spine line (S line), which
served as a baseline to evaluate the alignment of the spinal
cord. The mid-perpendicular line of S line intersected the
posterior rim of the cord at point B, and the line connecting
point B and point C and S line formed the whole cord angle
(angle y) (Fig. 2c). The area of the spinal cord was meas-
ured to evaluate the expansion of the spinal cord (ESC) after
decompression on T2-weighted MRI (Fig. 2d). Fusion was
determined by CT, and the CT criteria for fusion include
bridging bone inside or outside the graft and no lucencies
extending > 50% of the graft-host interface.

All radiologic images were reviewed on a single day and
again 2 weeks later by three independent spine surgeons who
were blinded to this study. Anatomic measurements were
performed using digital calipers on a uniform magnification
of 200%. To obtain reliable data and reduce errors, the aver-
age of at least three measurements was taken for each result.
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Fig.2 Illustration of the measurement of radiological parameters. a
Cobb angle was defined as the angle formed by two lines between
the lower end plate of C2 and the lower end plate of C7 on lateral
X-rays; b local spinal cord angle  was defined as the angle formed

Statistical analysis

Statistical analyses were performed using SPSS (Version
20.0; IBM Corp., Armonk, New York, USA). The data were
presented as the mean + standard deviation. Comparisons
between preoperative and postoperative parameters within
the same groups were made using paired t test. Intergroup
comparisons were made using the analysis of variance. The
gender was analyzed by Chi-squared test. The relationship
between the change of cord angle and the area of the cord
was also analyzed using the Pearson correlation coefficient.
The correlation values were graded as follows: strong (val-
ues from — 1.0 to — 0.5 or 1.0-0.5), moderate (— 0.5 to —0.3
oro0.3t00.5), weak (—0.3to —0.1 or 0.1 to 0.3), and none
(—=0.1to 0.1). Values less than 0.05 (p <0.05) were consid-
ered statistically significant.

Results

A total 71 patients were included in this study (38 in
group A and 33 in group P). The mean age in group A
was 58.18 +1.82 years old and 58.06 +2.33 years old in
group P (p>0.05). The duration of symptoms of patients in
group A was 19+ 5.8 months, and in group P, the value was
18 +4.9 (p>0.05). No significant difference was observed
between patients in group A and group P in terms of pre-
operative area of the spinal cord (59.72 +26.88 mm? vs.
58.01 +28.33 mm?). At the final follow-up, patients in group
A had better improvement of spinal cord area than in group
P (p <0.05). During the follow-up, only one patient in group
A suffered postoperative dysphagia, one patient had CSF
leakage, and one had C5 nerve palsy, while three months

by the two lines tangential to the bilateral rims of the compressed spi-
nal cord area at the maximal compression level on mid-sagittal view
of T2-weighted MRI; ¢ the method to measure the whole spinal cord
angle; d the measurement of axial area of the spinal cord

after ACAF, the related symptoms improved significantly.
Patients in group P had higher occurrence of complications
(22.7%), including one with CSF leakage, one with post-
operative hematoma, and three with C5 nerve palsy. At the
final follow-up, no patients have complaint of wound healing
disorders in this study. In addition, all the patients in group
A had solid bone fusion at bilateral bony grooves at the final
follow-up, and patients who underwent posterior laminec-
tomy had solid fixation at the final follow-up.

Table 2 shows the JOA score of patients. In general, neu-
rologic status was both significantly improved in the two
groups. Six months after the operation, patients in group
A had higher JOA score (13.37+0.34) than those in the
group P (12.58 +£0.25) (p <0.05). At the final follow-up,
patients in group A had the better improvement rate of JOA
score (78.6% +3.4%) than the in group P (64.5% +3.0%)
(p<0.05).

The spinal cord angle and cervical Cobb angle of all
patients are summarized in Table 3. No statistical differ-
ence was observed between the two groups before sur-
gery in terms of Cobb angle, local cord angle, and whole
cord angle before surgery (p > 0.05). At the final follow-
up, the Cobb angle in group A significantly improved to
18.58°+0.73° (p < 0.05). However, patients in group P
showed a decrease in Cobb angle, with the final Cobb
angle of 9.15°+1.10° (p <0.05). Patients in group A
had smaller local cord angle (7.19° + 1.24°) and higher
change of local cord angle (19.95° +1.79°) than those
in group P (14.06°+1.85° and 13.36°+1.51°, respec-
tively) (p <0.05). In terms of the whole cord angle,
patients in group A had better whole spinal cord angle
(14.36° +1.06°) than in group P at the final follow-up
(p <0.05). Inter-observer reliability was excellent for all
cervical radiographic parameters in the two independent
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Table 2 JOA score of patients in two groups

JOA score Group A Group P p

Preoperation 9.66+0.38 9.36+035 0.571
6 months after surgery 13.37+£0.34"  12.58+0.25% 0.072
12 months after surgery 1526+0.28*  14.27+0.25% 0.011
The final recovery rate (%) 78.6+3.4 64.5+3.0 0.003

JOA Japanese Orthopaedic Association
#1<0.05, compared with the preoperative data using paired 7 test

“_

indicated a decreased value compared with preoperation

Table 3 Cobb angle and spinal cord angle of patients in two groups

Parameters Group A Group P P
Cobb angle®
Preoperation 10.23+0.92 10.07 +0.98 0.902
Final follow-up 18.58 +0.73" 9.15+1.10 <0.001
The final change 8.35+0.79 —-0.92+043 <0.001
Local cord angle®
Preoperation 27.14+2.12 27.43+2.35 0.929
Final follow-up 7.19+1.24% 14.06 + 1.85" 0.002
The final change —-19.95+1.79 —13.36+1.51 0.007
Whole cord angle®
Preoperation 7.78+0.88 8.00+0.83 0.857
Final follow-up 14.36 +1.06* 3.40+1.18%  <0.001
The final change 6.58 +£0.81 —4.59+0.88 <0.001

# p<0.05, compared with the preoperative data using paired ¢ test

“_

indicated a decreased value compared with preoperation

observers. At the final follow-up, a strong correlation
between the change of local cord angle and the change of
spinal cord area was found (r=—0.867, p <0.05).

Case presentation
Case 1

A 59-year-old male patient complained of pain at his upper
extremities, associated with slight gait disturbance. Preop-
erative imaging confirmed the diagnosis of cervical OPLL
from C5 to C7, with the most compression at C6/7 level
(Fig. 3a). His JOA score was 10 before surgery. ACAF of
C2-5 was given (Fig. 3b). His preoperative local cord angle
was 65.9°, and the whole cord angle was 6.2° (Fig. 3c). After
the operation, his local and whole cord angle was 3.6° and
12.7°, respectively (Fig. 3d). As shown in figure D-F, the
most compression at C6/7 disappeared completely, which
indicated a satisfactory recovery of local spinal cord expan-
sion (Fig. 3d—f). In addition, his spinal cord was kept lor-
dotic after decompression. His JOA score improved to 16
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at the final follow-up, with the improvement rate of 85.7%.
There was no CSF leakage or other complications during
the follow-up.

Case 2

A 69-year-old male patient presented with numbness in
his bilateral upper extremity for 2 years, worsening for
1 month. Preoperative imaging revealed mixed cervical
OPLL at C2-T7, with the loss of Cobb angle (Fig. 4a, b). The
patient underwent posterior laminectomy with instrumented
fusion (Fig. 4c¢). His local and whole cord angle was 33.5°
and 14.6°, respectively, with preoperative JOA score of 9
(Fig. 4d). Postoperative MRI showed the cord shifted pos-
teriorly (Fig. 4e). However, his local cord angle recovered
badly (26.8°) compared to preoperation, which indicated
the decompression of the cord was not sufficient, especially
at C3/4 level (Fig. 4e). The whole cord angle decreased to
4.6°, which suggested that his spinal cord alignment became
from preoperative lordosis to postoperative straight condi-
tion (Fig. 4e). Three days after operation, the patient expe-
rienced C5 nerve palsy. However, he recovered significantly
after administration of glucocorticoid for 4 days. At the final
follow-up, his JOA score was 12 and the improvement rate
was 50.0%.

Case 3

A 70-year-old female patient exhibited neck pain, numb-
ness, and weakness at her bilateral upper extremities for
nearly 4 years. Preoperative imaging showed cervical OPLL
from C4 to C6, with the occupying rate of the spinal cord
of 76.8% at the narrowest level (Fig. 5a—c). She underwent
posterior C3-7 hemilaminectomy and unilateral fixation
(Fig. 5d, e). However, her symptoms did not improve after
surgery. Her local cord angle at C4/5 level was 59.2°, with-
out significant improvement compared with preoperation
(61.1°) (Fig. 5f). Her whole cord angle was —3.8° at the
final follow-up, which indicated a kyphotic spinal cord align-
ment. Axial MRI also suggested that the spinal cord was not
decompressed sufficiently (Fig. 5g).

Discussion

Cervical myelopathy due to OPLL has been characterized
by the chronic and long-term compression of the spinal
cord, and therefore, the functional recovery of spinal cord
is the key point for surgical decompression. Several surgical
options for cervical OPLL have been well established, which
involve mainly anterior or posterior surgery. However, the
optimum method for multilevel OPLL remains controversial.
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Fig.3 Case 1 A 59-year-old male patient complained of pain at his
upper extremities, associated with slight gait disturbance. Preop-
erative imaging confirmed the diagnosis of cervical OPLL from C5
to C7, with the most compression at C6/7 level (a). His JOA score
was 10 before surgery. ACAF of C2-5 was given (b). His preopera-
tive local cord angle was 65.9°, and the whole cord angle was 6.2°
(c). After the operation, his local and whole cord angle was 3.6° and

Fig.4 Case 2 A 69-year-old
male patient presented with
numbness in his bilateral upper
extremity for 2 years, worsen-
ing for 1 month. Preopera-

tive imaging revealed mixed
cervical OPLL at C2-T7, with
the loss of Cobb angle (a, b).
The patient underwent posterior
laminectomy with instrumented
fusion (¢). His local and whole
cord angle was 33.5° and 14.6°,
respectively, with preoperative
JOA score of 9 (d). Postop-
erative MRI showed the cord
shifted posteriorly (e). However,
his local cord angle recovered
badly (26.8°) compared to
preoperation, which indicated
the decompression of the cord
was not sufficient, especially at
C3/4 level (e). The whole cord
angle decreased to 4.6°, which
suggested that his spinal cord
alignment became from preop-
erative lordosis to postoperative
straight condition (e). Three
days after operation, the patient
experienced C5 nerve palsy.
However, he recovered signifi-
cantly after administration of
glucocorticoid for 4 days. At the
final follow-up, his JOA score
was 12 and the improvement
rate was 50.0%. OPLL ossifica-
tion of the posterior longitudinal
ligament

12.7°, respectively (d). As shown in figure d—f, the most compression
at C6/7 disappeared completely, which indicated a satisfactory recov-
ery of local spinal cord expansion (d—f). In addition, his spinal cord
was kept lordotic after decompression. His JOA score improved to 16
at the final follow-up, with the improvement rate of 85.7%. There was
no CSF leakage or other complications during the follow-up. OPLL
ossification of the posterior longitudinal ligament
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Actually, both anterior and posterior routine surgeries have
disadvantages. Theoretically, an optimal surgical procedure
for OPLL should release the compression of the spinal cord,
reconstruct the volume of spinal canal and its physiologi-
cal curvature, restore the intervertebral height, and acquire
fewer complications via only one unitary surgical approach
[20]. ACAF, as a novel surgical technique, can achieve all
these goals by hoisting the vertebrae with ossified mass ante-
riorly in our previous studies [21, 22].

Many studies have investigated the condition of the spi-
nal cord before and after surgery, such as intramedullary
signal changes [23, 24]. However, the clinical value of these
parameters remains unclear. In this current study, we pro-
posed a novel parameter, spinal cord angle, to evaluate the
local and whole morphological change of the spinal cord.
A previous study by Lee et al. [25] ever reported the com-
pression angle based on the morphology of the OPLL at the
maximum compressed level and found higher compression
angles of OPLL had more deleterious effects on the spinal
cord and more decreased preoperative JOA scores. How-
ever, Lee’s study only focused on the ossified mass itself. In
fact, the morphological change of spinal cord is not always
consistent with that of the ossified mass. In addition, the

Fig.5 Case 3 A 70-year-old
female patient exhibited neck
pain, numbness, and weakness
at her bilateral upper extremities
for nearly 4 years. Preopera-
tive imaging showed cervical
OPLL from C4 to C6, with the
occupying rate of the spinal
cord of 76.8% at the narrow-
est level (a—c). She underwent
posterior C3-7 hemilaminec-
tomy and unilateral fixation (d,
e). However, her symptoms did
not improve after surgery. Her
local cord angle at C4/5 level
was 59.2°, without significant
improvement compared with
preoperation (61.1°) (f). Her
whole cord angle was —3.8°

at the final follow-up, which
indicated a kyphotic spinal cord
alignment. Axial MRI also sug-
gested that the spinal cord was
not decompressed sufficiently
(g). OPLL.: ossification of the
posterior longitudinal ligament
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authors did not analyze the prognosis effect of compression
angle. Previous studies suggested that patients who under-
went ACAF acquired good recovery of the expansion of the
spinal cord and spinal cord alignment, which we think also
is significantly important for the recovery of neurological
function of the spinal cord [15, 19, 26]. Therefore, the local
cord angle was proposed in this study to better evaluate the
expansion of the spinal cord, and the smaller the local cord
angle was, the better the expansion of the spinal cord would
be. In this study, except those whose spinal cord was dam-
aged significantly before surgery, the majority of patients
acquired satisfactory expansion of the cord, especially in
patients with ACAF. Additionally, the whole cord angle in
group A was also better improved at the final follow-up. We
believe there were two reasons to explain the results. Firstly,
anterior approach had better therapeutic efficiency than pos-
terior approach in treating multilevel OPLL in a prospective
study by Hou et al. [27]. In the procedure of ACAF, the ossi-
fied mass was not resected like ACCF. Instead, it was hoisted
anteriorly with the vertebral bodies. As an anterior approach,
ACAF can restore the spinal canal to its normal morphol-
ogy directly, which we believe was significant for the suffi-
cient expansion of the cord. Secondly, for patients with dura
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ossification (DO), the dura mater may also be elevated due
to the adhesion to OPLL after ACAF, which facilitated to
decrease the pressure of cerebrospinal fluid exerted on the
cord. However, posterior laminectomy depended largely on
the posterior floating of the cord, and the depression effect
may be limited in case with larger ossified mass or bad cer-
vical curvature after operation (Figs. 3, 4). A correlation
analysis in this study revealed the strong correlation between
local cord angle and the expansion of the spinal cord which
has been reported affects largely the neurological function
[28]. Taken together, these results showed that ACAF can
achieve better local expansion of the spinal cord than pos-
terior approach.

Increasing studies have indicated that abnormal or excessive
motion of the cervical spine could result in increased strain and
shear forces within the spinal cord [29]. Kuwazawa et al. [30]
also reported the mean length of the cervical cord in extension
was shorter than in neutral and flexion at the anterior, middle,
and posterior line, which may suggest the lordotic condition
of the spinal cord may be the optimum condition for its func-
tion. Yang et al. [19] have divided the abnormal spinal cord
alignment into several types, including straight with or without
shifting, sigmoid, and kyphosis, and suggested the patients
abnormal alignment of the cord frequently had worse neuro-
logical outcome. Therefore, we speculated that the lengthening
of the cord during motion may disrupt the cerebrospinal fluid
and the blood in the cord and further lead to progressive dam-
age to the cord. However, Yang’s classification was relatively
subjective, and there were no baseline criteria to evaluate the
spinal cord alignment. In this present study, we first proposed
the S line (yellow line) and whole cord angle to evaluate the
spinal cord alignment and redefine the types of spinal cord
alignment (Fig. 6). When the affected spinal cord did not
exceed the S line, it was considered as lordotic (Fig. 6a). Con-
versely, if the affected exceeded the S line, it was kyphotic
(Fig. 6b). If the affected spinal cord was parallel and near to the
S line, we defined it as straight (Fig. 6¢). Finally, if the affected
spinal cord intercrossed with the S line like the $, we defined
it as S-type spinal cord (Fig. 6d). In addition, the whole cord

Fig.6 Representative types

of spinal cord alignment after
decompression surgery. a
Lordotic spinal cord alignment
after ACAF; b straight spinal
cord alignment after posterior
laminectomy; ¢ kyphotic spinal
cord alignment after posterior
laminectomy; d S-type spinal
cord alignment after posterior
laminectomy. The S line was
indicated by yellow line. ACAF
anterior controllable antedis-
placement and fusion

Lordosis

angle was used to quantitate the spinal cord alignment, and the
smaller the angle is, the worse the spinal cord alignment would
be. In this present study, all patients with ACAF were restored
to lordotic spinal cord. However, due to the nature of posterior
decompression, the majority of patients had straight, kyphotic,
or even S-type alignment of the spinal cord. In fact, the resto-
ration of the whole spinal cord alignment depends largely on
the restoration of physiological curvature of the spinal canal
and the sufficient decompression of the spinal cord. ACAF
could sufficiently enlarge the volume of the bony spinal canal
and maintain its sagittal alignment within the physiologically
permissible flexural tension zone, which could facilitate the
recovery of spinal cord lordosis. In addition, the preserving of
posterior structures of the cervical spine can limit the posterior
floating of the cord and restore cervical stability. And thus,
the spinal cord was kept in the normal position with a good
curvature after ACAF. Although no study has claimed that the
spinal cord must be kept in normal position with even physical
lordosis, in theory it should be. However, whether the types of
spinal cord alignment have a predictive effect of postoperative
recovery of neurological function still requires further study.

Cobb angle (C2-7 angle) was also reported to correlate
with clinical outcomes [10, 31, 32]. The results in this study
also revealed that patients who underwent ACAF acquired
satisfactory restoration of cervical lordosis at the final
follow-up, whereas for patients in group P, the Cobb angle
decreased at the final follow-up, which is consistent with
previous study [33]. Considering the better clinical recov-
ery in group A, we reckoned that the worsening of Cobb
angle after posterior laminectomy may also contribute the
lower improvement rate of JOA score. The current study also
demonstrated that patients who underwent ACAF had fewer
complications such as C5 palsy, which is consistent with
our previous study [34]. C5 nerve palsy is the most com-
mon complication after posterior surgery [35]. The lower
occurrence of C5 nerve palsy in group A may be attributed
to the better recovery of cervical lordosis and the spinal cord
rotation [15].

Straight

Kyphosis S type
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This study has several limitations. Firstly, the samples
size was small and the duration of follow-up was short. Stud-
ies with more patients and longer-term follow-up should be
conducted in the future. Secondly, because the majority of
patients who had cervical OPLL were multilevel, it is quite
difficult to select enough patients with only one-level ossi-
fied mass. Therefore, we evaluated the patients with ante-
rior multilevel OPLL rather than single-level lesion, which
may bring several disruptions. Future study with enough
patients who have only local one-level ossified mass will be
conducted to confirm the clinical significance of the local
cord angle. Thirdly, due to small sample size, we could not
conduct the multivariable regression technique to study the
predictive effect of cord angle on the surgical outcomes of
ACAF. However, we identified the close correlation between
cord angle and the expansion of the spinal cord, which is
important to neurological recovery. Thirdly, this was only a
retrospective study in our institution; a multicenter, prospec-
tive study should be performed.

Conclusion

This present study revealed that ACAF can achieve better
recovery of the expansion of the spinal cord, spinal cord
alignment, and Cobb angle, with better postoperative JOA
score and less complications, compared with posterior lami-
nectomy in treating severe cervical OPLL.
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