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Abstract
Background There are many factors that affect the C5 palsy in the treatment of cervical spondylosis
myelopathy (CSM) with ossi�cation of the posterior longitudinal ligament (OPLL), but the spinal
compression degrees may be an important factor in affection on it. Objective The purpose of this study
was to evaluate the effect of spinal cord compression degrees on the clinical outcomes of OPLL patients
which been treated by anterior and posterior surgery. Methods From May 2010 to October 2017, 145
patients cervical spondylosis myelopathy with OPLL (spinal canal narrowing by the OPLL exceeded 30%)
were enrolled in this study; 76 patients received anterior cervical corpectomy and fusion surgery (ACCF),
and 69 patients had posterior cervical decompression and laminoplasty procedures (PCDL). The clinical
outcomes of pain relief (visual analog scale, VAS), functional disability (neck disability index, NDI) were
recorded at baseline and at the �nal follow-up. Results There were �ve patients with C5 palsy in this
series cases (two in ACCF and three in PCDL), and the rate is 4.1% (3.2% in ACCF and 5.2% in PCDL, P >
0.05). Five C5 palsy cases had more than 50% compressed degrees of dural sac and �attened spinal
cord, and the compressed dural sac and �attened spinal cord had totally expansion after operation. There
were no patients resented with CSF leakage in PCDL group, and six patients presented with CSF leakage
in ACCF. The mean postoperative canal diameter were signi�cant better than preoperative in PDL patients
(P < 0.01). The average spinal sagittal and axial compressive ratio were signi�cantly decreased from
preoperative in ACR and PDL groups (P < 0.01). The mean cervical ROM values were decreased in ACR
and PDL groups (P< 0.05). Conclusions Based on the results of this study, anterior and posterior surgery
was effective and safe in the treatment of the OPLL patients. The complication of C5 palsy were no
related in the surgery methods, but may be related the degrees of spinal cord compressed.

Introduction
Cervical spondylosis myelopathy (CSM) is a neurological disorder caused by the narrowing of the cervical
spinal canal as a result of degenerative changes in the cervical spine with the advancing age in the
population.[1–3] Various pathologic processes in the cervical spine may cause mechanical compression
of the spinal cord and yield to degenerative cervical myelopathy, and the ossi�cation of the posterior
longitudinal ligament (OPLL) has been recognized as one of the most common causes of severe cervical
myelopathy.[4, 5] Since OPLL is a multifactorial disease and the clinical symptoms are severe and
progressive, conservative treatment is not effective and surgical intervention is indicated.[1, 6–8] Surgical
strategies for cervical myelopathy due to OPLL can be divided into anterior and posterior approach, and
the performed procedures decision was based on the pathologic features of the CSM.[2, 7, 8] Although
anterior and posterior approach has its advantages and limitations, surgery share the same goal of
decompression the spinal cord and relieving neurological compression form restore spinal canal space
for spinal cord.[6, 9]

Although the surgical strategy for severe OPLL still remains controversial, the surgery of the anterior
corpectomy or posterior laminoplasty had good clinical outcomes.[10, 11] The posterior laminoplasty
recommended for serve OPLL because it is a quick and safe operation resulting in neurological
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improvement from posterior decompression of the cervical spinal cord after laminoplasty.[12, 8] The
anterior surgery provide a good surgical outcome for radical decompression by directly removing the
OPLL and other anterior pathogenic structures.[13, 14] With the development of technology and surgical
procedures, the complications of anterior and posterior surgery for OPLL were decreased signi�cantly
than before.[15, 8] However, the complication of C5 palsy were not diminished with the development of
anterior and posterior surgery. [16–18] The complication of C5 palsy, which been considered main in the
posterior surgery, have been found still in the anterior surgery of CSM, especially in OPLL.[19, 13, 1, 9, 20,
21]

The C5 palsy in OPLL patients was the cervical spinal cord injuries, which different from other spinal cord
injuries because of ossi�cation induced narrowing of the spinal canal and limitation of intervertebral
mobility.[21, 22, 18, 20] There are many factors that affect the C5 palsy in surgical treatment of OPLL, but
the spinal canal stenosis and the spinal compression degrees may be an important factor in affection on
it. The purpose of this study was to evaluate the effect of spinal canal stenosis and spinal cord
compression degrees on the clinical outcomes of OPLL patients which been treated by anterior or
posterior surgery in our clinical.

Materials And Methods
From May 2010 to October 2017, consecutive CMS patients of OPLL (ossi�cation occupying more than
30% diameter of the spinal canal on computed tomography (CT) and magnetic resonance (MR) images
were enrolled in this study. One hundred and forty-�ve patients initially ful�lled the study criteria, and
twenty-four patients were lost to follow-up. Of the remaining 121 patients available for analysis, 63
patients received anterior cervical corpectomy and fusion surgery (ACCF, included 44 men and 19 women
with an average age of 51.86 ± 9.45 years), and 58 patients had posterior cervical decompression and
laminoplasty procedures (PCDL, included 41 men and 17 women with an average age of 52.18 ± 
9.62 years). The inclusion criteria were CSM patients of OPLL (ossi�cation occupying more than 30%
diameter of the spinal canal on CT and MR images). Exclusion criteria included pathologic conditions of
the cervical spine (trauma, tumor, or infection). The two groups had similar age and sex distribution,
ossi�cation occupying, and the pain history (Table 1).

Table 1
General date of patients (Means ± SD)

Group Gender Age OC Pain history

  Male Female (Years) (%) (Months)

ACCF (63) 34 29 51.86 ± 9.45 58.54 ± 9.86 22.43 ± 6.52

PCDL (58) 31 27 52.18 ± 9.62 57.69 ± 8.74 23.75 ± 7.38

Note: OC = Ossi�cation occupying. There was no signi�cant difference between two groups



Page 4/13

Surgical Procedures
Under general anesthesia, the ACCF procedure was performed in the standard fashion reported in
previous studies.[6, 2, 23] The OPLL was separated from dura and meticulously separated using the
micro dissector and removed by Kerrison rongeur or micro curettes. If the OPLL was associated with dural
ossi�cation, this portion of dura was carefully preserved using the anterior �oating method to avoid dural
tears (Fig. 1). The PCDL procedure was performed in the standard fashion reported in previous studies,
and ligamentum �ava at the cranial and caudal ends of the intended laminar expansion was removed by
a thin-bladed rongeur (Fig. 1).[16, 17, 24] Brace support was recommended for 4–6 weeks after surgery.

Critical Of Clinical Outcomes
The clinical outcomes of pain relief (visual analog scale, VAS), functional disability (neck disability index,
NDI) were recorded at baseline and at the �nal follow-up. All patients had preoperative and post-operative
plain radiographs, CT scans, and magnetic resonance (MR) images. The focus was to evaluate �ve
radiographic characteristics at follow-up: (1) cervical lordosis, (2) Sagittal spinal canal diameter, (3) the
ossi�cation of the most stenotic area, (4) status of spinal cord (spinal cord compression or
decompression).

Statistical analysis
All measurements were performed by a single observer and are expressed as means ± SD. Using the
SPSS 17.0 statistics software, classic t-test and chi-square test were performed.

Results
There was no intraoperative death in this series. In ends 121 cases had follow-up at least one year and 24
cases lost, and the follow-up rate was 82.89% (63/76) in ACCF group and 84.06% (58/69) in PCDL group
(P > 0.05). The followed time was from 18 to 31 months (average 23 months), and average 23.57 ± 
6.42 months in ACCF group and 24.38 ± 7.73 months in PCDL group (P > 0.05).

There were �ve patients with C5 palsy in this series cases (two in ACCF and three in PCDL), and the rate is
4.1% (3.2% in ACCF and 5.2% in PCDL, P > 0.05). Five C5 palsy cases were the most compressed degrees
of dural sac and �attened spinal cord more than 50%, and all had totally expansion after operation. The
two patients with C5 palsy were recovered after 3 months of neurotrophy drugs, hyperbaric oxygen and
rehabilitation training after the operation. Three complications of bilateral C5 palsy related to PCDL group
patients. C5 palsy developed at immediately postoperatively, and the patient was treated conservatively
including neurotrophy drugs, high-pressure oxygen therapy, and functional exercises. Two case strength
of the paralyzed muscles recovered one case after three months, the other case did not recover which can
capable of independent self-care after three courses of hyperbaric oxygen and rehabilitation training
1 year after the operation.
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There were no patients resented with cerebrospinal �uid (CSF) leakage in PCDL group. Six patients
presented with CSF leakage in ACCF, which indicated dural defect and tearing during the operation. When
CSF leakage occurred after operation, the drainage tube was pulled out 24 hours after operation and
continuous pressure to the wound was applied. CSF leakage disappeared in six cases after operation
seven days. All patients achieved spinal fusion with no cases of cage extrusion. Implant failure and
instability were not seen on lateral �exion/extension radiographs of the cervical spine.

The average operational time, blood loose, and hospital days were showed in Table 2. The average
operation time, blood loose and hospital days was 114.56 ± 26.85 minutes, 167.65 ± 36.38 mL and 8.62 ± 
2.45 days in ACCF group; 112.37 ± 28.29 minutes, 162.77 ± 37.65 mL and 8.76 ± 2.36 days in PCDL
groups; 95.73 ± 27.54 minutes. There was no signi�cant difference between two groups in operation time,
blood loose and hospital days (P > 0.05).

Table 2
Follow up time and operation date of patients (Means ± SD)

Group Follow up* Operation time* Blood loss* Hospital days*

  Rate Time (Month) (Minutes) (mL) (Days)

ACCF 82.89% (63/76) 23.57 ± 6.42 114.56 ± 26.85 167.65 ± 36.38 8.62 ± 2.45

PCDL 84.06% (58/69) 24.38 ± 7.73 112.37 ± 28.29 162.77 ± 37.65 8.76 ± 2.36

There was no signi�cant difference among three groups on follow up, operation time, blood loss, and
hospital days (P > 0.05)

The average VAS, NDI, cervical lordosis and canal diameter were showed in Table 3. The mean
postoperative VAS was signi�cantly better than preoperative (from 8.67 ± 1.49 to 1.15 ± 0.37 in ACCF,
and from 8.61 ± 1.53 to 1.56 ± 0.48 in PCDL, P < 0.01), and no signi�cant difference between two
groups (P > 0.05). The average postoperative NDL were signi�cantly better than preoperative (from
66.83 ± 15.26 to 11.17 ± 3.39 in ACCF, and from 65.92 ± 14.78 to 13.64 ± 5.53 in PCDL, P < 0.01), and
no signi�cant difference between two groups (P > 0.05). The VAS and NDI were improved all patients
in ACCF patients, and no change in two patients in PCDL.

The mean postoperative canal diameter was no signi�cant difference compare to preoperative in
ACCF patients (from 12.46 ± 1.76 to 12.37 ± 1.82 mm, P > 0.05), and had signi�cantly better than
preoperative in PCDL patients (from 12.65 ± 1.63 to 18.34 ± 2.67 mm, P < 0.01). The spinal average
sagittal and axial compressive ratio were signi�cantly decreased from preoperative 62.58 ± 14.61 to
2.12 ± 1.26 and 63.65 ± 15.83 to 2.61 ± 1.53 in ACCR group (P < 0.01), and from preoperative 63.89 ± 
15.46 to 3.48 ± 1.39 and 64.76 ± 16.35 to 3.55 ± 1.54 in PCDL group (P < 0.01).
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Table 3
Clinical results date of patients (Means ± SD)

Group ACCF   PCDL

  Preoperative Postoperative   Preoperative Postoperative

VAS 8.67 ± 1.49 1.15 ± 0.37   8.61 ± 1.53 1.56 ± 0.48

ODI 66.83 ± 15.26 11.17 ± 3.39   65.92 ± 14.78 13.64 ± 5.53

CD (mm) 12.46 ± 1.76 12.37 ± 1.82   12.65 ± 1.63 18.34 ± 2.67

SSCR (%) 62.58 ± 14.61 2.12 ± 1.26   63.89 ± 15.46 3.48 ± 1.39

SACR (%) 63.65 ± 15.83 2.61 ± 1.53   64.76 ± 16.35 3.55 ± 1.54

CL (deg) 9.68 ± 2.37 8.57 ± 2.52   9.57 ± 2.63 8.49 ± 2.48

ROM (deg) 23.15 ± 8.34 16.35 ± 5.72   23.41 ± 7.69 16.47 ± 5.46

CL = Cervical lordosis, CD = Canal diameter, SCR = Spinal sagittal compressive ratio, SACR = Spinal
axial compressive ratio

The average cervical lordosis was no difference compare to preoperative (from 9.68 ± 2.37 to 8.57 ± 
2.52 degrees in ACCF, and from 9.57 ± 2.63 to 8.49 ± 2.48 degrees in PCDL, P > 0.05), and no
signi�cant difference between two groups (P > 0.05). The mean cervical ROM values were decreased
from 23.15 ± 8.34 degrees preoperative to 16.35 ± 5.72 degrees postoperatively in ACCF patients (P < 
0.05), and from 23.41 ± 7.69 degrees preoperative to 16.47 ± 5.46 degrees postoperatively in PCDL
patients (P < 0.05).

Discussion
Ossi�cation of the posterior longitudinal ligament is a common cervical disease that can cause stenotic
changes in the spinal canal and contribute to the development of quadriparesis [9, 25, 8]. Conservative
treatment may be effective for some patients. However, for most of the patients, surgical decompression
of the spinal cord to prevent the progression of neurological deterioration as rapidly as possible is the
most effective measure [25, 26]. In general, anterior decompressions by cervical corpectomy and
resection of OPLL seem to be an ideal surgical option, and posterior decompression is an alternative
choice for severe OPLL when the anterior approach threatens iatrogenic deterioration of the neurological
status [9, 27, 26, 8, 23]. The results of this study demonstrated the anterior corpectomy and some
advantages on the complication of C5 palsy than posterior laminoplasty for OPLL. Although C5 palsy
were two in ACCF and three in PCDL, the recovered cases were better in ACCF than PCDL.

It is commonly believed that the spinal cord drift and subsequent stretching of the C5 nerve root, which is
more vulnerable than the other roots because of the C5 level, are typically at the apex of the cervical
lordosis [27, 17, 20]. Because OPLL affects chie�y the cervical spine form C3 to C5, the extent of posterior
shifting of the cord is greatest at the C5 level [28, 26, 21]. The cervical spinal cord is compressed and
�attened by OPLL, and reduction of the blood supply in the grey matter in the ventral portion of the dorsal
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columns for small bold vessels was compressed. There may be compression of the spina roots when
ossi�cation extends to one of the lateral recesses of the spinal canal [25, 26, 21]. The degrees of spinal
cord drift were more in PCDL than in ACCF, and �ve complication of C5 palsy were two in ACCF and three
in PCDL in this series cases. For this reason, the spinal cord drift may not the reason for complication of
C5 palsy in surgery.

Spinal cord movement is limited because the organ is tethered to nerve roots after common laminectomy
[25, 17, 21]. The complication of C5 palsy were not only in anterior corpectomy, but also in posterior
laminoplasty. Previous study shown the complication of C5 palsy is associated with the extent of
decompression [29, 24, 20]. CSM can result in regional cord ischemia from the sural sac an spinal cord
�attened by OPLL, and long term ischemia leads to an imbalance between spinal cord metabolic demand
and oxygen supply [30, 26, 31, 32]. After surgery of ACCF and PCDL, the dural sac and �attened spinal
cord were all expansion in this series cases. As previous study shown, the dural sac and spinal cord
expansion can lead to spinal cord ischemia-reperfusion injury [33, 20, 31, 34]. In this series, the
compression of spinal and expansion of dural sac and �attened spinal cord were similar between two
groups. The �ve C5 palsy cases were the most compressed degrees of dural sac and �attened spinal cord
more than 50%, and all had totally expansion after operation. For this reason, the complication may be
related to the compression and expansion of spinal cord.

Long term of OPLL compression spinal cord in CSM patients lead the nerve tissue is starved of vital
nutrients such as oxygen and glucose [35, 33, 26, 34]. Multiple mechanisms of cell damage are activated
following spinal ischemia and reperfusion which can be a function of location in the spine as well as the
time elapsed since the onset of ischemia [30, 3, 27, 36, 32]. In�ammatory responses are known as a
major component of secondary injury of initial ischemic insult and play an important role in modulating
the pathogenesis of C5 palsy [37, 8, 24, 20]. Effects of reperfusion, also known as reperfusion injury, are
the causative factors for spinal edema [38, 25, 8, 18]. The results of this study shown the complication of
C5 palsy in PCDL were serve than ACCF may be related the spinal ischemia and reperfusion injury. The
spinal cord drift in ACCF patients were less than PCDL patients, this maybe causes the more serious of
spinal ischemia and reperfusion injury. Despite of ACCF and PCDL can get good clinical results in OPLL
patients, the tenets of C5 palsy prevention by evaluated the risk factors are important in clinical practice.

Conclusion
Based on the results of this study, anterior and posterior surgery was effective and safe in the treatment
of the OPLL patients. The complication of C5 palsy were no related in the surgery methods, but may be
related the degrees of spinal cord compressed.

Abbreviations
CSM: cervical spondylosis myelopathy
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OPLL: ossi�cation of the posterior longitudinal ligament

ACCF: anterior cervical corpectomy and fusion

PCDL: posterior cervical decompression and laminoplasty

CT: computed tomography

MR: magnetic resonance

VAS: visual analog scale

NDI: neck disability index
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Figures

Figure 1

Male patient with 50 years old had serve OPLL take ACCF procedures, preoperative (A) and postoperative
(B) images of CT scan. This patient with C5 palsy were recovered after three months of neurotrophy
drugs, hyperbaric oxygen and rehabilitation training after the operation. This patient had cerebrospinal
�uid leakage, the drainage tube was pulled out 24 hours after operation and continuous pressure to the
wound was applied and CSF leakage disappeared in seven days

Figure 2

Female patient with 46 years old had serve OPLL take PCDL procedures, preoperative (A) and
postoperative (B) images of CT scan. This patient with bilateral C5 palsy at immediately postoperatively,
and did not recovered which can capable of independent self-care after three courses of hyperbaric
oxygen and rehabilitation training 1 year after the operation


