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£ OPERATIVE TECHNIQUE

Posterior Decompression and Fusion with Vertical
Pressure Procedure in the Treatment of Multilevel
Cervical OPLL with Kyphotic Deformity

Cheng Li, MS*, Yunli Mei, MS* ©, Lei Li, MD ©, Zeqing Li, MS ¥, Shuai Huang, MS

Department of Orthopaedic Surgery, Shengjing Hospital of China Medical University, Shenyang, P.R. China

Objective: To report the outcomes and feasibility of a new technique to change K-line (=) to K-line (+) via only a poste-
rior approach to treat multilevel non-continuous cervical ossification of the posterior longitudinal ligament (C-OPLL)
with kyphotic deformity.

Methods: In this study, 17 consecutive cases of patients who underwent vertical pressure procedure (VP) combined
with posterior cervical single-open-door laminoplasty and instrumented fusion from January 1, 2017 to December 31,
2019 were enrolled. The following radiographic parameters: C2-C7 Cobb angle, local Cobb angle, extent of OPLL, and
the distance from OPLL to the K-line(DK) were measured and analyzed. Clinically, the JOA score, VAS-N and VAS-A,
NDI, and complications were collected from medical records to evaluate the clinical outcomes.

Results: All 17 cases shifted from K-line (=) to K-line (+).Comparing the preoperative images to the final follow-up
images, the mean C2-7 Cobb angle changed from —6.94° £ 8.30° to 8.18° +4.43°, and the local Cobb angle altered
from —9.12° £ 8.68° to 6.65° £ 6.11°. The mean DK increased from —2.64 £ 1.52 mm to 3.09 £ 2.19 mm. One patient
showed C5 palsy and recovered within 3 months. The mean JOA score increased from 8.88 +2.11 to 14.71 + 1.36.
The average NDI decreased from 20.65 % 7.80 to 8.94 £ 4.93. The mean VAS-N and VAS-A decreased from 3.44 £
1.80 and 4.69+1.97 t0 1.25+0.86 and 1.38 + 1.16. All patients were followed up for at least 1 year.

Conclusion: A new technique added to posterior decompression and fusion (PDF), the vertical pressure procedure
effectively corrects K-line (=) to K-line (+) and avoids the shortcomings of conventional anterior decompression and
fusion (ADF) as well as PDF to provide a relatively safe and adequate decompression, cervical realignment. It pro-
nounced satisfactory clinical outcome for extensive non-continuous OPLL with kyphotic deformity even though OPLL
remains ventral to the spinal cord.
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Introduction

ssification of the posterior longitudinal ligament

(OPLL) is an ectopic bone formation within the poste-
rior longitudinal ligament. The incidence of cervical myelop-
athy caused by OPLL among individuals is between 1.9%
and 4.3% in Japan, and the incidence is reported up to about
3% in other Asian countries."” In reference to European and
North American cohorts, records show a much lower mor-
bidity rate, ranging from 0.1 to 1.7%.°° OPLL is

morphologically classified into four types: continuous (ossifi-
cation extends across several vertebrae), segmental (fragmen-
ted ossification located posterior to the vertebral body),
mixed (combination of segmental and continuous), and a
particular type, localized (confined to disc space).

The K-line is a virtual line connecting the midpoint of
the C2 and C7 spinal canals that can estimate the thickness
of the OPLL and cervical alignment. When the OPLL does
not exceed the K-Line, it is classified as K-line (+), and when
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the OPLL exceeded the K-Line, it is classified as K-line (—).°
K-line (—) indicated thick OPLL and/or kyphotic alignment
that led to poor outcomes because of a lack of posterior
shifting space for the spinal cord.®” Postoperative K-line
conversion from negative to positive is associated with a bet-
ter surgical outcome.®

OPLL is primarily found in the cervical spine and is a
common pathogeny of cervical myelopathy.”'® Most patients
with C-OPLL do not exhibit any neurological symptoms in
the early stages. As OPLL develops, the spinal cord is com-
pressed which causes cervical myelopathy. Though surgical
therapy is required for symptomatic patients, the most
appropriate surgical program has not been established. There
are several surgical options, including posterior laminoplasty
(LMP), posterior decompression and fusion (PDF), anterior
decompression and fusion (ADF), and multiple stages sur-
gery.'"!? Various imaging parameters can be used to assess
OPLL, including compression level, cervical alignment,
extent, shape, thickness, and location of OPLL. Among all
these parameters, cervical alignment and compression levels
are the two most crucial elements for selecting surgical
criteria.'»'* Anterior decompression and fusion are com-
monly performed in patients with only one or two levels of
compression and kyphosis."> Either the anterior or posterior
approach has been considered effective for patients with one
or two levels of compression and lordosis. Moreover, poste-
rior decompression through posterior laminoplasty is pre-
ferred in multiple levels of involvement with lordotic
alignment.'”” On the other hand, patients who suffer from
multilevel compression of ossification of the posterior longi-
tudinal ligament and kyphotic alignment are usually treated
with both anterior and posterior (AP) decompression.

The incidence of complications associated with the
surgical operation of OPLL may depend on various factors
including surgeon experience, surgical approach, and the
presence of general systemic and neurologic comorbidity,
including dural ossification (DO). Dural tear, cerebral-spinal
fluid (CSF) leakage, and neurological deterioration limited
the anterior decompression surgery, which is also a part of
the anterior and posterior one-stage (AP) surgery.'®"'® Dys-
phagia, hoarseness, and dysarthria are common complica-
tions of the anterior approach and are related to the
recurrent laryngeal nerve injury or manipulation and retrac-
tion of the esophagus. Removing the ossification dura and
the OPLL may result in a CSF leak. Once the leak is identi-
fied intraoperatively, many techniques can be applied to
repair the defect and prevent further complications. Primary
watertight repair remains ideal, but this is not always practi-
cal from the anterior cervical approach. This may lead to
reoperation, meningitis, persistent fistula formation,
pseudomeningocele formation, and may even require perma-
nent CSF diversion to manage definitively. Poor outcomes
originating from residual ventral compression of ossification
of the posterior longitudinal ligament, C5 nerve root palsy,
and axial pain are limitations of the posterior approach,
which is also a part of the anterior and posterior one-stage

VERTICAL PRESSURE PROCEDURE FOR K-LINE(—) CervicaL OPLL

(AP) surgery.'”*' The etiology of the postoperative “C5
palsy” has yet to be definitively established, but it is a phe-
nomenon that is widely acknowledged after posterior cer-
vical spine surgery. Two probable explanations of the
pathophysiology of C5 palsy are now highly accepted
including the tethering phenomenon, in which the spinal
cord shifts with traction on the spinal cord and/or nerve
roots following posterior decompression, and changes in
spinal cord perfusion in the context of impaired
autoregulation mechanisms caused acutely at the time of
decompression.”? Axial pain has been defined as pain from
the nuchal to the shoulder region. Such a complication has
been reported mainly after posterior cervical surgery. Fur-
thermore, conventional AP surgery is common with pro-
longed hospitalization, anesthesia, and surgical times of
high risks.

This study aims to: (i) introduce a novel vertical pres-
sure procedure that changes K-line (—) to K-line (+) to treat
multilevel non-continuous OPLL with kyphotic deformity;
and (ii) report the feasibility and clinical outcomes of the
vertical pressure procedure adding to posterior decompres-
sion with instrumented fusion.

Materials and Methods

General Information

This study was approved by the Ethics Committee of China
Medical University (Ethical Code: 2019PS038], Project Title:
Posterior cervical screw-rod system and vertical pressure
procedure in the treatment of K-line (—) cervical OPLL). We
conducted a retrospective study of 17 patients who under-
went vertical pressure procedures for multilevel compression
of non-continuous (segmental or mixed type) OPLL with a
kyphotic deformity in Shengjing Hospital of China Medical
University from 1 January 2017 to 31 December 2019. These
OPLL diagnoses were made by magnetic resonance imaging,
plain film, and computed tomography.

Inclusion and Exclusion Criteria

The following were the inclusion criteria: (i) patients who had
cervical myelopathy caused by non-continuous (segmental or
mixed type) OPLL compression with/without radiculopathy;
(ii) three or more vertebrae involved; (iii) kyphosis or lordosis
with C2-7 Cobb angle less than 10°; (iv) K-line (—), (v) cervical
instability verified by cervical X-ray; (vi) patients underwent
vertical pressure (VP) procedure in addition to posterior single-
open-door laminoplasty decompression with instrumented
fusion using a screw-rod system; and (vii) patients who were
followed up for at least 1 year.

Our study excluded patients who had: (i) asymptomatic
cervical cord compression; (ii) prior cervical surgery; and
(iif) traumatic injury, cerebrovascular accident, lumbar and tho-
racic spinal stenosis, infection, ankylosing spondylitis, rheuma-
toid arthritis, and neoplastic diseases.
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Preoperative Preparation

All patients underwent Dynamic X-ray, 3D CT, and MR
examination before surgery to understand the type of OPLL,
cervical range of motion, and anatomy of pedicles which
were important in making surgery plans. Centered on the
apex of the ossification > pedicle screws were planned to
insert at the corresponding level and the adjacent segments
to prepare for the Vertical Pressure procedure. All other pre-
operative examinations and blood tests were perfected.

Surgical Techniques

Position

The patient was placed in a prone position under general
anesthesia with a silicone head frame applied with the neck
slightly flexed.

Incision and Exposure

A standard midline incision was made between the spinous
processes of C2 and C7, and lateral margins of C3-6 were
fully exposed using subperiosteal dissection. The vertebrae
into which screws were planned to be inserted were identi-
fied, and the lateral masses were exposed until they reached
their lateral margins.

Pedicle Screw Fixation and Laminoplasty

The entry point was chosen as the intersection of the hori-
zontal line through the midpoint of the transverse process
root and the vertical line through the posterolateral plane
and the posterior plane of the isthmus. Cervical pedicle
screw fixation was performed in the upper and lower levels
with the screws positioned at the most compressive level.
Then a C3-6 single-open-door laminoplasty was performed
with arch miniplates, the level of decompression was deter-
mined by the compression of the spinal cord and a C7
hemilaminectomy or C7 laminectomy was conducted if
necessary.

Vertical Pressure Procedure
First, a prefabricated titanium rod with target curvature was
positioned and a special biliteral annular tube was placed to
hold the center screws on both sides, then the center tap
screws on both sides were locked. Second, the surgeon
applied vertical pressure on the handle of the biliteral annu-
lar tube to restore cervical lordosis, and the changes in cervi-
cal curvature were monitored through intraoperative
fluoroscopy. Third, all the other tap screws were locked when
the target cervical curvature was achieved. All the procedures
were done under intraoperative neurological monitoring.
The basic information of patients, the number of fixa-
tion and instrumental fusion levels, decompression levels,
intraoperative blood loss, surgical time, clinical complication,
and hospitalization period were obtained from medical
records (Fig. 1).

VERTICAL PRESSURE PROCEDURE FOR K-LINE(—) CervicaL OPLL

Radiographic Parameters

Furthermore, the following radiographic parameters were
evaluated using midsagittal preoperative, 1 day after surgery
operation (postoperative), and final follow-up CT images (or
digital radiography when follow-up CT was not available):
the number of involved levels, C2-7 Cobb angle (or C2-C6
Cobb angle if C7 is not observable in follow-up digital radi-
ography), local Cobb angle, the distance from OPLL to K-
line (DK) and the maximal occupying ratio (MOR) of the
cervical spinal canal. The fixation levels were used to calcu-
late the local Cobb angle. Both preoperative and postopera-
tive MOR of the cervical spinal canal were calculated with
the canal diameter and the sagittal thickness of OPLL at the
most compromised levels, which was the most compressive
level (Fig. 2).

Clinical Parameters

A Japanese Orthopaedic Association (JOA) score was col-
lected preoperatively, the myelopathy severity is considered
mild if the JOA score is higher than 13, moderate if the JOA
score ranges from 9 to 13, and severe if the JOA score is
lower than 9. At the final follow-up, while collecting the
recovery rate we used the following formula: (postoperative
JOA - preoperative JOA) / (17-preoperative JOA). The visual
analogue scale of the neck (VAS-N), arm pain (VAS-A), and
neck disability index (NDI) were also collected.

Statistical Analysis

The average radiographic parameters of MOR, DK, and
C2-C7 Cobb angle were collected preoperatively and at the
final follow-up. Paired t-tests were performed using SPSS ver-
sion 21.0 for Windows (SPSS, Inc., Chicago, IL, USA). P-values
less than 0.05 were considered statistically significant.

Result

Follow-up
We included 17 patients in our study (M: F = 12:5) (Table 1).
The mean follow-up time was 16.06 + 3.28 months.

General Results

The mean age was 57.06 + 10.56 years. There was C3-5 fixa-
tion in five cases, C4-6 fixation in seven cases, and C3-6 fixa-
tion in five cases. The mean surgical time was
137.82 4+ 24.72 minutes, and the mean intraoperative blood
loss was 315.29 £ 339.41 ml. Moreover, the mean hospitali-
zation period was 8.12 & 1.41 days.

Clinical Improvements

The mean JOA score increased from 8.88 42.11 to
14.71 £ 1.36 (t = 11.78, P < 0.05), and the average recovery
rate was 70.59%. The average NDI decreased from
20.65 £ 7.80 to 8.94 4+ 4.93 (t = 10.21, P < 0.05). The mean
VAS-N and VAS-A decreased from 3.44 +£1.80 and
469 £197 to 125+0.86 (t = 749, P<0.05 and
1.38 + 1.16 (t = 5.53, P < 0.05).
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Fig. 1 The schematic drawings of the bilateral annular tube and VP
procedure. After the center screws on both sides were locked, we apply
vertical pressure on the handle for cervical realignment. After confirming
the cervical alignment under intraoperative radiograph, we locked all the
tap screws. Preoperative K-line (—) and kyphotic deformity were
corrected to K-line(+) and lordotic cervical alignment after VP procedure

Fig. 2 Radiographic parameter on CT midsagittal images: the
preoperative maximal canal occupying rate (MOR = a/b x 100% >

a = @ = the thickness of OPLL, b = the preoperative canal diameter at
the most compromised level, b’ = the postoperative canal diameter at
the most compromised level)

VERTICAL PRESSURE PROCEDURE FOR K-LINE(—) CervicaL OPLL

Radiographic Improvements

Radiographic images were anonymous and were measured
blindly by two experienced neuroradiologists. All 17 patients
suffered from K-line (—) non-continuous (segmental or
mixed type) OPLL. The mean number of OPLL levels was
4.82 + 1.42 since the cases with less than three levels were
not included. All 17 cases shifted from K-line (—) to K-line
(4). Thirteen cases converted from kyphosis to lordosis as
their C2-7 Cobb angle changed from negative to positive.
The other four cases were more lordotic after treatment. The
mean C2-7 Cobb angle altered from —6.94° £ 8.30° to
8.18° + 4.43°(t = 9.78, P < 0.05), and the mean C2-7 Cobb
angle change was 15.12° % 6.18°. The local Cobb angle chan-
ged from —9.12° +8.68° to 6.65° £6.11° (t = 10.96,
P <0.05) and the average change was 15.76° &+ 5.76°. The
mean distance from OPLL to K-line increased from
—2.64+ 1.52 mm to 3.09 + 2.19 mm (t = 7.90, P < 0.05),
and the mean distance change was 5.73 £ 2.90 mm. The
most compressive level was C3-4 in 3 cases, C4-5 in 7 cases,
C5-6 in 4 cases, C4-6 heavily compressed in 1 case, and
moderately compressed from C2 to C5 in 2 cases. The mean
maximal occupying ratio of the cervical spinal canal
decreased from 56.53% to 36.35% (t = 13.36, P < 0.05)
(Table 2).

Complications

Postoperative complications were acquired from clinical
records. Three patients showed moderate axial pain after the
surgery, and this subsided within several months without
specific management. One patient showed postoperative ane-
mia due to intraoperative blood loss, which was successfully
managed by intraoperative autotransfusion and postoperative
blood transfusion. Another patient showed C5 palsy and
recovered within 3 months. No patient showed pedicle screw
fracture, surgical site infection, CSF leakage, neurological
deterioration, or pseudarthrosis.

Discussion

According to the results we obtained, patients who
underwent PDF and VP have better outcome in neuro-

logical recovery and cervical alignment.

The Controversy of Conventional Surgical Procedures for
K-Line(—) OPLL
Ossification of the posterior longitudinal ligament (OPLL) is
primarily found in the cervical spine and the surgical treat-
ment for K-line (—) cervical OPLL is still controversial. Since
LMP cannot control postoperative kyphotic alteration and
cause severe neurological deterioration, it was considered
unsuitable for K-line (—) patients. Several studies showed
ADF and PDF achieve better outcomes as they maintain cer-
vical alignment superiorly to LMP in cases with lordosis
angles of less than 10° or kyphosis.****~*°

ADF is a good option when the complete removal of
OPLL is feasible. However, the complications after ADF,
such as CSF leakage, neurological deterioration, and airway
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TABLE 2 The average radiographic parameters indicating improvement

VERTICAL PRESSURE PROCEDURE FOR K-LINE(—) CervicaL OPLL

Preop F/U t P
MOR 56.53% + 13.28% 36.35% + 9.10% 13.36 4.28 x 10719(<0.05)
DK (mm) —2.64 + 1.52 3.09 +2.19 7.90 6.53 x 10~7(<0.05)
Cobb —6.94° 4+ 8.30° 8.18° + 4.43° 9.78 3.73 x 1078(<0.05)

Abbreviations: Cobb, C2-C7 Cobb angle; DK, distance from OPLL to K-line; F/U, final follow-up; MOR, maximal occupying rate; Preop, preoperative.

: Preop.

Local Cobb
angle

Fig. 3 A representative case of VP procedure combining with PDF. A 35-year-old male patient showed Kline(—) extensive OPLL with a 60% canal
occupying rate and kyphotic deformity. Favorable clinical outcomes were obtained after the authors’ VP procedure and PDF. (A and B:dynamic

radiograph, DK: distance from OPLL to K-line)

Fig. 4 A 55-year-old male patient showed K-line (—) multilevel OPLL with a 76% canal occupying rate and kyphotic deformity. Eximious
decompression and lordotic alignment were observed on postoperative and follow-up images

Surgical Feasibility, Complications and Prevention

As K-line (—) was converted to K-line (4) using PDF with
VP, sufficient ventral and posterior decompression were met,
which led to better outcomes than conventional PDF in the
K-line (—) case. To the best of our knowledge, the recovery
rate for K-line (—) patients approximately ranges from 54%
to 73% after ADF and 38.2% to 43.6% after PDF.%*242%30-31
Our study showed an average recovery rate of 70.59% in the

JOA score of all cases, 72.08% in kyphotic cases, and 70.51%
in thick OPLL (MOR>50%), which is acceptable as K-line
(—) indicates poor clinical prognosis (Fig. 6).

All cases underwent PDF and additional vertical pres-
sure procedures under neural monitoring to avoid neural
damage caused by over lordosis after cervical realignment. In
our cases, one patient had C5 palsy, and this outcome may
occur due to excessive posterior drifting of the spinal cord
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Fig. 5 A 56-year-old female patient showed K-line (—) multilevel OPLL with kyphotic deformity and shifted to K-line(+) after VP

The Clinical Parameters Indicating
Improvement

20.65

20

15

10

JOA NDI

VAS-N VAS-A

uF/U m=Preop

Fig. 6 Graph showing improvement in average clinical parameters
before (preop.) and after (postop.) surgery

after posterior decompression, which can cause a tethering
effect.”® The two most acceptable and imperative pathologic
mechanisms of C5 palsy are nerve root traction and displace-
ment of tethering effect.”> However, normal cervical align-
ment was restored after VP, leading to a normal
intervertebral foramen whose size and position were ade-
quate for the nerve root without pathological changes. The
present lordotic angle was determined intraoperatively and
subjectively by experienced spinal surgeons using
intraoperative C-arm radiography and neural monitoring.
The inexact degree of cervical realignment may have skewed
our results towards a worse outcome because the specific lor-
dotic angle varies with each individual, and even lordosis
might be supraphysiological for some patients.** Further

research was required to explore the individualized optimum
lordotic angle.

In summary, the vertical pressure procedure could
effectively correct K-line (—) to (4) and provide a relatively
safe and adequate decompression via a single posterior
approach, which avoids the high risk of conventional ADF
and insufficient decompression of PDF. The new method
pronounced satisfactory outcomes for extensive non-
continuous OPLL with kyphotic deformity even though
OPLL remains ventral to the spinal cord.

There are some limitations to the current study:
(i) with relatively small patient samples and the nature of the
retrospective study, further long-term follow-up research is
required; (ii) the VP procedure requires sufficient stability,
so it should be used with cervical pedicle screws which have
certain technical difficulties and risks; and (iii) the outcome
of additional vertical pressure procedures in other types of
OPLL is unknown and requires further research to identify.

Conclusion
A new technique added to PDF, the vertical pressure pro-
cedure effectively corrects K-line (—) to K-line (+).
Although OPLL remains ventral to the spinal cord, this pro-
cedure avoided the shortcomings of conventional ADF as
well as PDF to provide a relatively safe and adequate decom-
pression, cervical realignment, and pronounced outcome for
extensive non-continuous OPLL with kyphotic deformity
even though OPLL remains ventral to the spinal cord.
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