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a b s t r a c t

Combined upper cervical canal stenosis and cervical ossification of the posterior longitudinal ligament
(OPLL) is an under-recognized disorder. The objective of the present study was to investigate the radio-
logical manifestations and surgical outcomes of this disease combination. Between May 2011 and July
2014, we studied the radiological manifestations of 18 cases of combined upper cervical canal stenosis
and cervical OPLL. Appropriate decompression procedures were performed and the clinical outcomes
were evaluated using a visual analog scale (VAS) and the Japanese Orthopedic Association (JOA) scoring
system. Radiological outcomes, including the space available for the spinal cord (SAC) at the cephalad-
adjacent level, occupying ratio of OPLL, and cervical sagittal alignment, were measured. We found that
the etiologies of upper cervical canal stenosis included craniovertebral junction deformity, atlantoaxial
subluxation, and OPLL extending to the C2 level. The radiological features of OPLL varied.
Postoperatively, all patients showed evidence of improvement in their VAS and JOA scores. The radiolog-
ical results were satisfactory in terms of the SAC at the cephalad-adjacent level, occupying ratio of OPLL,
and cervical alignment. We found that the radiological manifestations of combined upper cervical canal
stenosis and cervical OPLL varied among patients. Satisfactory results can be achieved by applying appro-
priate decompression techniques.

� 2017 Elsevier Ltd. All rights reserved.

1. Background

Cervical canal stenosis is a common degenerative disorder asso-
ciated with narrowing of the cervical spinal canal that frequently
affects elderly patients [1,2]. The condition is often associated with
herniation or bulging of intervertebral discs, osteophyte produc-
tion, and ossification of the posterior longitudinal ligament (OPLL).
As the canal diameter is relatively wider at inferior levels, spinal
stenosis is rarely encountered in the upper cervical segment [3].
To date, only a few cases of upper cervical canal stenosis triggering
myelopathy have been reported [4,5]. OPLL is characterized by
ectopic bone formation within the posterior longitudinal ligament,
and can trigger cervical canal stenosis. In most cases of cervical
OPLL, ossification is observed at levels C4 and C5, and is often
thickest at level C5 [6]. Simultaneous presentation of upper cervi-
cal canal stenosis and cervical OPLL in the same patient is very rare.

Therefore, both the radiological manifestations and the surgical
outcomes remain unclear.

Here, we report our case series of combined upper cervical canal
stenosis and cervical OPLL triggering myelopathy. In addition, we
systematically reviewed the literature to define the overall radio-
logical manifestations and surgical outcomes of the combined dis-
ease. Our objectives were to (1) clarify the radiological
manifestations of upper cervical canal stenosis combined with cer-
vical OPLL and (2) evaluate the surgical outcomes in terms of
symptom relief, changes in the space available for the spinal cord
(SAC) at the cephalad-adjacent level, occupying ratio of OPLL, and
cervical alignment.

2. Methods

Between May 2011 and July 2014, we operated on 18 patients
with combined upper cervical canal stenosis and cervical OPLL.
The inclusion criteria were demonstration of cervical OPLL via
X-ray and computed tomography (CT); an upper cervical canal
sagittal diameter <14 mm; and a minimum of 18 months of
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follow-up. The exclusion criteria were any history of previous
trauma or surgery on the cervical region and incomplete radiolog-
ical results. Eleven males and seven females of mean age
59.1 ± 14.4 years (range, 36–88 years) were included (Table 1).
The study was approved by the Ethics Committee of the Second
Affiliated Hospital, School of Medicine, Zhejiang University, and
all patients provided written informed consent.

2.1. Radiological manifestations

We reviewed the radiological features of upper cervical canal
stenosis on CT and X-ray images. By reference to the lateral radio-
graphy and sagittal CT scans, OPLL was classified as continuous,
segmental, mixed, or circumscribed in line with the suggestions
of the Investigation Committee on OPLL of the Japanese Ministry
of Health, Labor, and Welfare [7]. The level at which the OPLL with
greatest thickness was also determined.

2.2. Surgical methods

Patients were divided into three groups based on the radiolog-
ical features of upper cervical canal stenosis, and appropriate
decompression procedures were performed. Group A patients
had craniovertebral junction deformities triggering upper cervical
canal stenosis (n = 4). Two with basilar invaginations underwent
transoral decompression, posterior occipitoaxial fusion, and
laminoplasty (Fig. 1). Two cases exhibiting hypoplasia of the poste-
rior arch of the atlas underwent resection of the C1 posterior arch,
with laminoplasty (Fig. 2). Group B patients exhibited atlantoaxial
subluxation triggering upper cervical canal stenosis (n = 4) and
underwent atlantoaxial fixation, fusion laminoplasty, as the
atlantoaxial joint could not be reduced in the extension position
(Fig. 3). Group C patients exhibited OPLL extending to the C2 level
and triggering upper cervical canal stenosis (n = 9). These patients
underwent C2 dome-like laminoplasty combined with expansive
lower-level open-door laminoplasty (Fig. 4).

2.3. Clinical and radiological outcomes

Pain intensity was assessed using a visual analog scale (VAS).
Neurological recovery was scored as recommended by the
Japanese Orthopedic Association (JOA). The recovery rate was also
used to assess surgical outcomes, and was calculated as follows:
Recovery rate (%) = (Final JOA score � preoperative JOA score)/
(17 � preoperative JOA score) � 100%, and was ranked as excellent
(75–100%), good (50–74%), fair (25–49%), poor (0–24%), and
worse (<0) at the final follow-up.

On CT axial imaging, the preoperative and postoperative occu-
pying ratios of OPLL (%) were measured as the anteroposterior
diameters of the OPLL with greatest thickness divided by the
anteroposterior diameters of the bony spinal canal at the same
level. The SAC at the cephalad-adjacent level was defined as the
distance from the ventral edge of the posterior ring of the atlas
or foramen magnum to the dorsal aspect of the odontoid process,
as described by Guo et al. [8]. The sagittal cervical alignment was
defined by the Cobb angle between C2 and C7 in profile of neutral,
and lateral plain radiographs.

2.4. Statistical analysis

We used SPSS software version 17.0 (IBM, Armonk, New York)
for all statistical analyses. Paired t-tests were employed to analyze
differences among the preoperative, postoperative, and final
parameters. Data are presented as means ± standard deviation
and a P value <0.05 was considered to reflect statistical
significance.Ta
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