Cervical ossification of the posterior longitudinal
ligament: Anterior versus posterior approach
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ABSTRACT

Background: The optimal approach to provide satisfactory decompression and minimize complications for ossification of the
posterior longitudinal ligament (OPLL) involving multiple levels (3 levels or more) remains controversial. The purpose of this study
was to compare the results of two surgical approaches for cervical OPLL involving multiple levels; anterior direct decompression
and fixation, and posterior indirect decompression and fixation. We present a retrospective review of 56 cases followed at a
single Institution.

Materials and Methods: We compared patients of multiple levels cervical OPLL that were treated at a single institution either
with anterior direct decompression and fixation or with posterior indirect decompression and fixation. The clinical records of the
patients with a minimum duration of follow-up of 2 years were reviewed. The associated complications were recorded.
Results: Fifty-six patients constitute the clinical material. 26 cases were treated by anterior corpectomy and fixation and 30
cases received posterior laminectomy and fixation. The two populations were similar. It was found that both anterior and posterior
decompression and fixation can achieve satisfactory outcomes, and posterior surgery was accomplished in a shorter period of
time with lesser blood loss. Although patients had comparable preoperative Japanese Orthopaedics Association (JOA) scores,
those with a canal occupancy by OPLL more than 50% and managed anteriorly had better outcomes. However, for those with
more severe stenosis, anterior approach was more difficult and associated with higher risks and complications. Despite its
limitations in patients with high occupancy OPLLs, through the multiple level laminectomy, posterior fixation can achieve effective
decompression, maintaining or restoring stability of the cervical spine, and thereby improving neural outcome and preventing
the progression of OPLL.

Conclusions: The posterior indirect decompression and fixation has now been adopted as the primary treatment for cervical OPLL
involving multiple levels with the canal occupancy by OPLL <50% at our institution because this approach leads to significantly
less implant failures. Those patients with the occupancy 250% managed with anterior approach surgeries had better outcomes,
but approach was more difficult and associated with higher risk and complications.
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INTRODUCTION condition are asymptomatic, when OPLL manifests as

cervical myelopathy, non-surgical intervention is often

ervical ossification of the posterior longitudinal
ligament (OPLL) may compress the spinal cord
and nerve roots, leading to sensory and motor
dysfunction. Although the majority of patients with the
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ineffective to arrest the progression of neural deficit. It is
well recognized that surgery should be performed before
irreversible damage to the nervous system occurs, to avoid
further deterioration of spinal cord function. However,
the optimal surgical approach remains controversial.!
When planning for surgery, surgeons must take into
consideration the region and extent of the OPLL, as well
as the degree of canal stenosis. The surgery should achieve
sufficient decompression and prevent further progression
of symptoms.?

Both anterior and posterior approaches have their
advantages as well as disadvantages. The anterior approach
can directly relieve compression, but the procedure is more
complicated and prone to an increased risk of spinal cord
injury. Moreover, the anterior decompression and fusion is
associated with complications including pseudoarthrosis,
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implant failure or movement, and symptomatic adjacent
segment spondylosis, which have drawn attention in
recent years.>19 Posterior approach can also provide
canal decompression, but the degree of decompression
is sometimes insufficient since the ventral compression
persists. Instability following laminectomy has also raised
concerns.!!''* The present study was designed to compare
anterior corpectomy, decompression and fixation and
posterior laminectomy, decompression and fixation for
treatment of cervical OPLL involving multiple levels (three
levels or more), and to evaluate the factors that influence
the outcome of the two approaches.

MATERIALS AND METHODS

Patient recruitment

Fifty six patients who presented between January 2005
and December 2008 and met the following criteria were
recruited: 1) underwent anterior or posterior surgery for
cervical OPLL involving three levels or more; 2) with
complete medical records and related radiographic data,
including preoperative and postoperative X-rays, computed
tomography (CT) and magnetic resonance imaging (MRI);
3) underwent canal decompression, fusion and internal
fixation; 4) with 24 months or more of followup. Patients
with spinal injuries due to trauma were excluded [Table 1].
Informed written consent was taken from all the patients.

Operative procedure

Anterior approach: The patients were placed in the supine
position with the head slightly extended. The cervical spine
was exposed through a standard left sided Robinson-Smith
anterior approach. The anterior longitudinal ligament

Table 1: Clinical details of two groups

was exposed. A rectangular area of the ligament was
resected. After the ventral annulus fibrosus was removed,
a curette and a laminectomy rongeur were used to excise
the vertebra. A sharp scalpel was used to cut the OPLL
along the slot under direct vision. The ossified ligament
was carefully resected. In case of severe adhesion of the
OPLL to the dura or ossified dura, the ossified tissue was
disconnected all around and “floated.” Then, a titanium
mesh cage and plate combined with a bone graft was used
for the fixation.

Posterior approach

The patients were placed in the prone position and a midline
incision was made. Subsequently, paraspinous muscles
were peeled to expose the bilateral laminae of the affected
vertebrae. Margel’s method was used to place pedicle
screws on the levels to be decompressed. The starting
point for the pedicle screw was just medial to the hillock of
the lateral mass in the coronal plane and midway between
the surfaces of the superior and inferior articular process.
A 2-mm burr was used to start the hole. Next, a hand drill
was inserted into the starting hole, angling laterally about
20° and parallel to the facet joint in the sagittal plane. This
could be judged best by placing a thin, flat instrument into
the joint to be fused. Drilling proceeded carefully just to, but
not through, the second cortex, as bicortical fixation has
not been demonstrated to be of biomechanical superior. A
depth gauge was then inserted to determine screw length,
and then a pedicle screw system was used for fixation. The
laminae were resected, and small wedges of bone were
placed adjacent to bilateral joints to facilitate fusion.

Postoperative care
After surgeries, the patients were ordered to wear neck

Anterior approach Posterior approach P value

No. (male/famale) 26 (15:11) 30 (17:13) >0.05
Age (years) at surgery 54.7 £ 13.2 (44-76) 56.2 £ 14.1 (43-78) >0.05
Followup (months) 36.3 £ 6.4 (24-57) 37.6 £6.7 (24-69) >0.05
OPLL involving level

3 levels 17 19 >0.05

4 levels 9 11 >0.05
Canal occupancy by OPLL (%) 54.2 £ 8.6 (30-70%) 44.2 +7.2 (20-67%) >0.05
Space available for spinal cord (mm) 6.2+ 1.6 (4-10) 6.9+1.7 (5-11) >0.05
Range of motion in the sagittal plane (°)

Preoperative 67.6 + 3.4 (56°-79°) 64.5 + 3.3 (55°-76°) >0.05

Postoperative 457 £2.6 (41°-63°) 41.7 £3.0 (37°-60°) <0.05
Operation time (min) 161 + 45 (120-210) 125 + 34 (100-180)
Blood loss (ml) 763 £ 122 (400-1700) 516 + 94 (400-1200) <0.05
Vertebrae or lamina removed 1.92 (1-3) 3.67 (3-5) <0.05
Fusion extent 3.92 (3-5) 4.27 (3-6) >0.05
JOA score

Preoperative 9.3+ 1.2(5-14) 9.1+ 1.1(6-14) >0.05

Postoperative 14.2 + 1.6 (8-16) 13.7 £ 1.5 (9-15) >0.05
Postoperative improvement rate (%)

Excellent/good 17 (65) 18 (60) >0.05

Fair 7(27) 10 (33) >0.05

Poor 2(8) 2(7) >0.05
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braces for 3 months for protection. X-rays, CTs and MRI
were taken 1 week, 3 months, 6 months, 12 months, and
24 months after surgery, and at the last follow-up.

The Japanese Orthopaedic Association (JOA) scoring
system was used to assess the improvement of neurological
status after the operation. The improvement rate (IR) was
calculated as follows:* IR = (postoperative JOA score —
preoperative JOA score) / (17 — preoperative JOA score)
x 100%. Surgical outcome was defined as excellent (IR =
75%), good (75% > IR = 50%), fair (50% > IR = 25%),
or poor (IR < 25%).

Statistical analysis

Statistical analyses were performed using SPSS statistical
software (version 13.0, SPSS, Chicago, IL, USA).
Paired t-test and group t-test were used for comparison
of quantitative data. Fisher’'s exact test was applied for
qualitative data. The results were considered significant
when P-value was less than 0.05.

REesuLTs

Of the 56 patients included in our study, 26 were treated
with anterior approach and the rest 30 treated with posterior
approach. There were no significant differences in the
baseline characteristics of the two groups, including the
preoperative canal occupancy rate, canal sagittal diameter,
cervical curvature, type of OPLL, the mean preoperative
cervical range of motion (ROM) in the sagittal plane and
the JOA score [Table 1].

The duration of surgery for the anterior and posterior
approaches were 161+45 min (range 120-210 min) and
125+ 34 min (range 100-180 min), respectively. The blood
loss in anterior and posterior approaches was 763+122 ml
(range 400-1700 ml) and 516+94 ml (range 400-1200 ml),
respectively. The posterior approach required significantly
lesser time and resulted in significantly lesser blood loss
than the anterior approach. The number of vertebrae
removed was 1.92 (range 1-3 vertebrae) on average and
the mean of fusion extent was 3.92 (range 3-5) vertebrae
in the anterior approach group. In the posterior approach
group, the number of vertebrae lamina removed was 3.67
(range 3-5 vertebrae lamina) on average and the mean of
fusion extent was 4.27 (range 3-6) vertebrae.

All patients healed by primary intention. All cases were
followed up for 2 years or more. For the anterior and
posterior approaches, the patients were followed up for
36.3+6.4 months (range 24-57 months) and 37.6+6.7
months (range 24-69 months), respectively. At the last
follow-up, the mean ROM in the sagittal plane of the

anterior approach group decreased from preoperative
67.6°+3.4° to postoperative 45.7°+2.6°. In the posterior
group, the preoperative value of 64.5°+3.3° dropped to
41.7°+3.0°. The mean preoperative ROM and the ROM at
the last follow-up were not significantly different between
the two groups.

The mean postoperative JOA score of the anterior
approach group increased to 14.2+1.6 points from the
preoperative 9.3+1.2 points, with a mean improvement
rate of 58.6% +10.4% and 65% of the patients had excellent
or good outcomes. In the posterior approach group, the
mean postoperative JOA score improved from 9.1+1.1 to
13.7=+1.5 points postoperatively; the average improvement
rate was 54.8% +9.7% and 60% of patients had excellent
or good outcomes. The preoperative and the last follow-up
JOA scores were not significantly different between the two
groups. There were significant differences in the JOA score
at the last follow-up between the two groups with canal
occupancy ratios =50%, and the anterior approach group
had better outcomes. However, no noticeable association
was found between cervical curvature or type of OPLL
and outcome in the two groups [Tables 1-4 and Figure 1].

Complications

The cerebrospinal fluid leaks were seen in two cases in the
present study in anterior approach surgeries. Both of them
were managed successfully by keeping the patients in supine
positions for 5 and 7 days. One patient had quadriplegia
after surgery and was presumably due to a gradually resected
bony structure causing a slow decompression that led to
repeated bulging of the spinal cord, eventually severing
the spinal cord [Figure 2]. Twelve months postoperatively,
a patient demonstrated asymptomatic implant subsidence,
and no specific measure was taken. These two patients were
considered as having poor outcome.

One case of cerebrospinal fluid leakage in posterior approach
was treated by local pressure and by confining the patient
in the supine position for 5 days. Two cases suffered from
C5 nerve root injury (one was bilateral and the other was
unilateral). They had hypoesthesia and pain of the lateral
arm and weakness of the biceps and deltoid muscles. The

Table 2: Surgical outcomes in the anterior or posterior groups
with different canal occupancy ratio

Occupying No. of Average JOA score
ratio cases occupying Preoperative Postoperative
ratio (%)
Anterior group
<50% 16 481 9.8 14.3
250% 10 63.4 8.4 14.0
Posterior group
<50% 21 40.4 9.5 14.5
250% 9 53.3 8.1 11.9

JOA: Japanese orthopaedic association
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Table 3: Surgical outcomes in the anterior or posterior groups
with different cervical curvature

Table 4: Surgical outcomes in the anterior or posterior groups
with different types of OPLL

Cervical curvature No. of JOA score Type of OPLL (%) No. of JOA score
cases Preoperative Postoperative cases  Preoperative Postoperative
Anterior group Anterior group
Lordotic 13 9.5 14.7 Continuous 11 9.5 14.4
Straight 9 9.2 13.9 Mixed 8 9.3 14.0
Kyphotic 4 8.8 13.3 Segmental 3 9.8 14.6
S-shaped 0 Circumscribed 4 8.3 13.7
Posterior group Posterior group
Lordotic 15 9.1 14.2 Continuous 13 9.2 14.0
Straight 1 9.3 13.4 Mixed 10 9.4 13.8
Kyphotic 4 8.5 12.8 Segmental 5 8.8 13.4
S-shaped 0 Circumscribed 2 7.8 12.2

JOA: Japanese Orthopaedic Association

Figure 1A: A 66-year-old man, with a continuous cervical OPLL
involving multiple levels. (a—c) Preoperative lateral X-ray, cervical
plain CT and MRI demonstrated significant compression of the spinal
cord. The patient underwent C3—-C6 laminectomy, decompression
and pedicle screw fixation. (d) Postoperative lateral X-ray showing
satisfactory fixation with a pedicle screw system. (e, f) Plain MRI on
the day after surgery and 24 months postoperative demonstrated good
morphology of the spinal cord

time of initial onset of C5 palsy symptoms were all within 8
hours postoperative. The patients were treated conservatively
by oral neurotrophic drugs, hyperbaric oxygen therapy
and exercise. Three months later, one patient’s symptoms
disappeared. Symptoms of the other patient were relieved,
and the patient was considered as having poor outcome.
One patient experienced progression of the OPLL and had
deterioration of nervous function after 45 months, which
was successfully managed by anterior decompression and
fixation, and was also considered as having poor outcome.
No case of implant failure was observed.

DiscussioN

OPLL begins with a pathological extracellular hyperplasia

JOA: Japanese Orthopaedic Association

Figure 1B: Followup of same patient. His preoperative JOA score was
8, the postoperative JOA score was 15, and his IR was 78%. (a-d) His
cervical ROM in the sagittal plane decreased from 50° preoperative to
40° postoperative. At the last follow-up, no progression of the OPLL
or related complications was observed. The outcome was satisfactory

and hypertrophy of the posterior longitudinal ligament,
leading to ectopic ossification at the spine. Cervical OPLL
causes canal stenosis and compression of the spinal cord
and nerve roots, and subsequently clinical symptoms and
signs of myelopathy.!® Factors that influence the onset and
progression of cervical OPLL include the compression of
the ossified ligament, a congenitally narrow spinal canal,
segmental instability and trauma. Conservative treatment
cannot alter the natural history of cervical OPLL. Most
surgeons believe that surgical intervention should be applied
before irreversible myelopathy occurs, so that the progression
can be arrested and deterioration of spinal function is
prevented. However, the choice of anterior versus posterior
approach as surgical strategy remains controversial.!

Direct removal of the OPLL by anterior surgery offers
better decompression, and hence is theoretically the
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Figure 2A: A 45-year-old man, who also suffered from continuous
cervical OPLL of multiple levels. (a—c) Preoperative lateral X-ray,
cervical plain CT and MRI demonstrated significant compression of
the spinal cord. The patient underwent subtotal C4-C6 corpectomy
and decompression, and a titanium mesh cage and plate combined
with bone graft was used for the fixation. (d) Postoperative lateral X-ray
showing satisfactory reduction with a titanium mesh cage and plate,
(e, f) but the degeneration of the spinal cord can be observed at the
day after surgery and 24 months postoperative, respectively

optimal option. Nevertheless, reviewing literature shows
that anterior corpectomy and fusion is better suited for
OPLL involving one or two levels.*!¢18 For OPLL of three
levels or more, can a similar effect be obtained by anterior
surgery? We conclude from our study that the anterior
approach for multiple levels can achieve satisfactory
outcomes, and the patients with an canal occupancy ratio
of OPLL =50% managed by anterior surgery had better
outcomes. However, for those with more severe stenosis,
anterior approaches are more difficult and associated with
higher risks and complications; also, it is a technically
demanding procedure and should be performed by an
experienced surgical team. OPLL of multiple levels leading
to severe canal stenosis, the available space required for
removal of the ossified ligaments is limited. The gradually
decompressed bony structure causes repeated bulging of
the spinal cord. This leads to repeated trauma to the spinal
cord, which might cause spinal damage or even paraplegia.
One case in the anterior group was paralyzed after surgery.
Moreover, internal fixation of multiple levels is susceptible
to loosening and the mobility of the cervical spine may be
impaired.®>* Even combined with anterior placement of
titanium plates, the nonunion rate was reported to be as
high as 6-18%.5° Among the anterior approach group, one
case had an implant subsidence, and although the case was
asymptomatic, a close follow-up was warranted. Therefore,
we suggest that the patients should be ordered to wear neck

Figure 2B: Followup of same patient. He was paralyzed postoperatively,
presumably because the gradually resected bony structure caused a
gradual decompression which led to repeated bulging of the spinal
cord and induced a partial severing of the spinal cord. The preoperative
JOA score was 9 and the JOA score 24 months postoperative was 9,
with no improvement. (a-d) The ROM in the sagittal plane decreased
from 60° preoperative to 50° postoperative. The outcome was poor

braces for protection until the X-ray shows incorporation
of the intervertebral bone graft.

Posterior laminectomy, decompression and fixation is a
well-established technique and is relatively simple and safe.
We found that for OPLL of three levels or more, it is an
effective strategy. In most of the cases, effective and safe
decompression of the spinal cord was accomplished. It can
also improve the cervical curvature through pedicle screw
system and provide immediate and long-term stability of
the cervical spine, and avoid development of kyphosis.
Theoretically, it can reduce the progression of cervical
OPLL."?° Lack of immediate stability after laminoplasty or
laminectomy without fixation might lead to development of
postoperative kyphosis and progression of OPLL, eventually
causing the relapse of myelopathy.!? In our study, at the last
follow-up, no kyphosis was observed. Only one patient had
progression of the OPLL. Nevertheless, even when OPLL
progresses after posterior cervical decompression, because
of the available space from resected lamina, a secondary
anterior decompression can excise intervertebral discs or
floated OPLL and a simultaneous bone graft combined with
fusion and fixation can be done. This can effectively solve
the progression of OPLL and minimize complications due
to posterior decompression surgery.

Compared with the anterior approach, posterior surgery
is safer, less technically demanding, and is associated
with less blood loss and better long-term outcomes.?!
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Posterior surgery also has its disadvantages. First, since
the compression is located anteriorly, decompression in
posterior surgery is indirect, without removal of the OPLL.
Our study showed that when the canal occupancy ratio
of OPLL was more than 50%, the outcomes were less
favourable. Moreover, cervical OPLL is often accompanied
by various levels of cervical degeneration, spinal disc
herniation and nerve root compression, and posterior
surgery is ineffective for decompression of nerve roots,
causing postoperative symptoms. Furthermore, it has been
reported that segmental root palsy occurred in 3.2-28.6% of
patients.!! The mechanisms have not been elucidated so far,
although most surgeons believe that the main reason might
be that a floated spinal cord after posterior decompression
causes traction on the nerve roots, leading to nerve root
edema. We believe that sustaining a physiological cervical
curvature during surgery and reliable internal fixation
and fusion could reduce prominently the incidence of this
complication.

CoNcLUSION

The critical step of treatment for cervical OPLL involving
multiple levels, is effective decompression and immediate
cervical spine stability. Both anterior and posterior
decompression and fixation can achieve this therapeutic
aim. In patients with the canal occupancy ratio of OPLL
=50%, treatment by the anterior approach can have better
outcomes, though it is more difficult and associated with
higher risks and complications. Despite its limitations in
patients with high occupancy ratio OPLLs, through the
multiple-level laminectomy, posterior fixation can achieve
effective decompression, maintaining or restoring stability of
the cervical spine, and thereby improving neural outcome
and preventing the progression of OPLL. We believe that
the posterior indirect decompression and fixation may
be adopted as the primary treatment for cervical OPLL
involving multiple levels with the canal occupancy ratios
of OPLL <50%.
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