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Objective : Anterior cervical corpectomy with fusion (ACF} or laminoplasty may be associated with substantial number of complications for
treating multileve! cervical ossification of the posterior longitudinal ligament (OPLL) with significant cord compression. For more safe decompres-
sion and stabilization in multilevel cervical OPLL with prominent cord compressien, we propose circumferential cervical surgery {selective ACF
and laminoplasty} based on our favorable experience.

Methods : Twelve patients with cervical myelopathy underwent circumferential cervical surgery and all patients showed multilevel OPLL with signal
change of the spinal cord on magnetic resonance imaging (MRI). A retrospective review of clinical, radiological, and surgical data was conducted.
Results : There were 9 men and 3 women with mean age of 56.7 years and a mean follow up period of 15.6 months. The average corpectomy
level was 1.16 and laminoplasty level was 4.58. The average Japanese Orthopedic Association score for recovery was 5.1 points and good
clinical results were obtained in 11 patients {92%) {p < 0.05). The average space available for the cord improved from 58.2% to 87.9% and the
average Cobb's angle changed from 7.63 to 12.27 at 6 months after operation without failure of fusion {p < 0.05). Average operation time was
8.36 hours, with an estimated blood loss of 760 mL and duration of bed rest of 2.0 days. There were no incidences of significant surgical
complications, including wound infection.

Conclusion : Although the current study examined a small sample with relatively short-term follow-up periods, our study results demanstrate
that circumferential cervical surgery is considered favorable for safety and effectiveness in multilevel OPLL with prominent cord compression.

KEY WORDS : Ussification of the posterior longitudinal ligament - Anterior cervical corpectomy with fusion - Laminoplasty - Japanese
QOrthopedic Association score.

INTRODUCTION

Most patients with cervical ossification of the posterior
longirudinal ligament (OPLL) are asymptomatic; however,
patients with severe spinal cord compression may be pre-
disposed to symptoms of cervical radiculopathy or myelo-
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pathy™. Surgical treatment is advised for patients with severe
symptoms or signs of growth activity of OPLL.

The surgical treatments of cervical OPLL includes anterior
cervical corpectomy with fusion (ACF) and posterior decom-
pression such as laminoplasty or laminectomy. However, the
appropriate surgical approach for treating multilevel cervical
OPLL with significant cord compression remains controver-
sial given that the indication of each surgical technique has
unique advantages and disadvantages.

Recently, circumferential cervical surgery (selective ACF
and laminoplasty) has been performed for more safe decom-
pression and stabilization in patients of multilevel cervical
OPLL with significant cord compression. We reviewed our
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experience of single stage circumferential cervical surgery,
over the past four years, in twelve patients with multilevel
cervical OPLL with signal change of the spinal cord on MRI
due to significant cord compression, considering clinical,

radiological, and surgical aspects.

MATERIALS AND METHODS

Population

From September 2005 to April 2008, a total of 12 patients
of multilevel cervical OPLL with the spinal cord ischemia on
MRI underwent single stage circumferential cervical surgery.
The average age of the patients was 56.7 years (range, 50~
66). Nine patients were male (75%) and 3 were female
(25%). The average symptom duration was 8.0 months
(range, 1-36), and the average follow-up period after surgery
was 15.6 months (range, 6-41).

Indication

The indications for single stage circumferential cervical
surgery in our study include multilevel OPLL with promi-
nent cord compression resulting signal change in the spinal
cord on cervical MRI and severe neurological symptoms (the
ratio of SAC is less than 60%), with/without loss of cervical
lordosis. The multilevel OPLL means that the involved verte-
bral body levels are 3 or more levels on cervical computed
tomography (CT) and the prominent cord compression
means that the ratio of space available for the cord (SAC) is
less than 60% of spinal canal diameter with mushroom- or
hill-shaped OPLL.

Procedure

The first procedure was posterior expansive open door
laminoplasty using the Hyrabayashi technique with titanium
miniplates. This technique requires a pneumatic high-speed
burr to create a gutter at the junction of the lamina and me-
dial aspect of the lateral mass through the outer cancellous
bone. The cancellous bone on the “opening” side of the lami-
noplasty was then removed, and the inner cortex was thinn-
ed. Using a 1- or 2-mm Kerrison rongeu, transaction of the
lamina and ligamentum flavum was performed. A “greens-
tick osteotomy” was performed by carefully displacing the
spinous processes toward the closing osteotomy side and
elevating the opening side of the lamina with a nerve hook.
Stabilization of each level was then performed using a tita-
nium miniplare.

Secondly, selective ACF with plate-and-screw system was
petformed. The patient was placed in a supine position with
the head slightly extended, and an oblique skin incision was
made along the anterior border of the sternocleidomastoid

muscle. After all necessary discectomy procedures were car-
ried out, the selective corpectomy was performed in the most
severe vertebral body (1-2 level), using a pneumatic high-
speed drill under a microscope. Then, the ossified posterior
longjtudinal ligament was removed completely to decom-
press the spinal cord. After confirming the anterior protru-
sion of the thecal sac and good pulsation, an appropriate
length of mesh with an allograft bone fragment was inserted
inlay fashion. A constrained plate-and-screw system of the
appropriate length was used to achieve anterior cervical fixa-
tion. After surgery, a Philadelphia brace was worn around the
neck of patients for several weeks in order to induce cervical
fusion.

Outcome parameters

The clinical outcomes were assessed using the Japanese
Orthopedic Association (JOA) scoring system (Table 1),
NuricK's grade (Table 2), and Odom’s criteria (Table 3) at the
preoperative period, as well as at one month after operation
and the last follow-up.

We examined the cervical MR, cervical CT, dynamic X-

Table 1. Japanese Orthopedic Association (JOA) scoting system
1) Upper extremity motor funciion

0 Impossible to eat with either chopsticks or spoon
1 Possible to eat with spoon but not with chopsticks
2 Possible to eat with chopsticks but inadequate
3 Possible to eat with chopsticks but awkward
4 Normal
1I) Lower extremity motor function
0 Impossible to walk
1 Need cane or aid on flat ground
2 Need cane or aid on stairs
3 Possible to walk without cane or aid but slow
4 Normal
1IT) Sensory function
A) Upper extremities
0 Apparent sensory Joss
1 Minimal sensory loss
2 Normal
B) Lower extremities
0 Apparent sensory Joss
1 Minimal sensory loss
2 Normal
C) Trunk
. 0 Apparent sensory loss
1 Minimal sensory loss
2 Normal
IV) Bladder function
0 Urinary retention/Overflow incontinence
1 Severe dysuria/Sense of retention/retardation
2 Slight dysuria/Pollakiuria/Protraction
3 Normal
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rays prior to surgery, cervical CT after surgery, and follow-up
dynamic X-rays during follow-up period. We evaluated the
spinal canal diameter and the ratio of SAC using preoperative
and postoperative cervical CT (Fig. 1). Also Cobb's angle was
used to evaluate Jordosis of the cervical spine using lateral X-
rays on neutral position at preoperative period and the last
follow-up (Fig, 2).

Surgical morbidities were evaluated by checking estimated
blood loss (EBL), operation time, duration of postoperative
bed rest, and operative complications such as neurologic deter-
ioration, cerebrospinal fluid (CSF) leakage and wound
infection.

RESULTS

There were signal changes in the spinal cord on cervical
MRI in all patients. With respect to OPLL shape, it was hill-
shaped in 8 patients and mushroom-shaped in 4 patients.
The mean OPLL level was 4.00 (range, 3-5), the mean cor-
pectomy level was 1.16 (range, 1-2) and the mean lamino-

plasty level was 4.58 (range, 4-5) (Table 4).

Clinical outcomes

The mean preoperative JOA score was 9.1 (range, 7-10)
which increased to 12.0 (range, 8-14) at the 1-month follow-
up and further to 14.2 (range, 13-15) at the last follow-up
(Fig. 3A). Nuricks grade also improved from 3.0 (range, 2-4)
at pre-operation to 2.0 (range, 1-3) at the 1-month follow-up
and 1.18 (range, 0-3) at the last follow-up (Fig. 3B). Both JOA
score and NuricKs grade improved after the surgery and the
improvement maintained during the follow-up period in all
patients with statistical significance (p < 0.05, t-test).

According to Odoms criteria, the results were excellent in 4
patients (33.3%), good in 5 patients (41.7%), and fair in 3
patients (25%) at the 1-month follow-up, and excellent in 5
patients (41.7%), good in 6 patients (50%), and fair in 1
patient (8.3%) at the last follow-up. Therefore, the clinical
success rate according to Odom's criteria was 91.6% (Fig. 3C).

Radiological outcomes

The mean spinal canal diameter increased from 11.66 mm
(range, 9.15-13.60) at pre-operation to 17.60 mm (range,
15.71-19.92) at post-operation. Additionally, the mean ratio
of SAC of the corpectomy level improved from 58.2%
(range, 44.1-60.0) to 87.9% (range, 80.1-100). The mean
Cobb's angle increased from 7.63° (range, 5.15-9.60) at pre-
operation to 12.27° (range, 8.63-23.57) at the last follow-up.
The improvement was statistically significant in both ratio of
SAC and cervical lordotic angle (p < 0.05, ¢-test).

There was no case of cervical instability, instrument break-

Circumferential Cervical Surgery i S Son, etal.

Table 2. Nurick’s classification of disability

Grade 0 Root signs and symptoms. No evidence of cord
involvement

Grade]  Signs of cord involvement. Normal gait

Grade Il Mild gait involved. Able to be employed

Grade III  Gait abnormality prevents employment but ambulant
without support

Grade IV Able to ambulate with assistance

Grade V. Chair-bound or bedridden

Table 3. Odom’s criteria
Excellent  All preoperative symptoms relieved : abnormal findings

improved

Good Minimal pessistence of preoperative symptoms :
abnormal findings unchanged or improved

Fair Definite relief of some preoperative symptoms :
other symptoms unchanged or slightly improved

Poor Symptoms and signs unchanged or exacerbated

Fig. 1. The ratio of the SAC is calculated as the ratio of SAC to the
anteroposterior diameter of the spinal canal at the corresponding level on a
cervical computed fomography. A : SAC. B : Anteroposterior diameter of the
spinal canal. The ratio of SAC = A/B x 100 {%).

Fig. 2. Cobly's angle, for evaluation of cervical lordosis, is measured between
intersecting fines drawn perpendicular to the bottom of the C2 vertebra and
the bottom of the C7 or C6 vertebra in lateral view.
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Table 4. Patient datsa down, or fusion failure during follow-
tom o l
Case Sex  Age c){:unftion OPLL type OPLL level Corpectomy Laminoplasty P period (Fig 4, 5).
(months) level level ) o
- Surgical morbidity
1 M 31 1 Segmental, hill 4 1 5 . .
2 M 50 ) Segmental,hill s . 5 The mean operation tme was 8.36
3 M 50 2 Continuous, mushroom 4 2 4 hours (mnge :6-10), EBL was 760 mL
4 M 359 2 Continuous, mushroom 3 1 4 (range : 300-1,500), need of transfusion
5 F 66 1 Continuous, hill 3 ! 4 was 1.18 packs (range : 0-4), and dura-
6 M 55 1 Segmental, hill 5 i 5 tion of bed rest was 2.0 days (range : 1-
7 F 65 12 Continuous, hill 4 2 4 5). Fortunately, there were no major
'8 M 58 12 Continuous, mushroom 4 1 5 surgical complimtions such as aggrava-
9 M 59 36 Continuous, hill 4 1 5 tion of neurological symptoms by cord
10 M 30 1 Continuous, mushroom 5 1 5 injury, CS nerve palsy, CSF leakage,
M6l 12 Consinuous, hll 3 1 4 wound infection, injury of adjacent or-
12 F %6 15 Mixed, hill 4 ! 5 gans, or hoarseness except for a single
Mean 56.7 8.0 4.00 116 4.58 £ - d ~
case of temporary pneumonia and tem
. @ porary swallowing difficulty.
14 "
12 4 DISCUSSION
10 -
8- Controversy exists regarding the appropriate method of
6 surgery in cases of cervical radiculomyelopathy due to cer-
; vical OPLL. The selection of a anterior or posterior decom-
0l pression depends on numerous factors, including cervical
Pre OP 1 month Last f/u alignment and contour, the number of vertebral segments
involved in the stenosis, the type of OPLL, the cause of the
37 spinal cord compression (ventral, dorsal, or combined spinal
4 canal pathology), a patient’s symptom and metabolic factors,
3 _ and the surgeon’s experience with various surgical techni-
| B ques®'®'""®) The most important factors in patient selection
for a particular procedure are the clinical symptoms and the
1 radiographic alignment of the spine. Appropriate patient sel-
0 ection maximizes the chance of optimal neurological out-
Pre OP 1 month Last flu come and minimizes complication'®*”.
Since Robinson and Smith®, in 1955, first carried out the
N 7 1 month © anterior approach, many reports have demonstrated the ad-
§ 0 Last ffu vantages and disadvantages of ACF with plate-and-screw
Z system in cases of cervical OPLL. The anterior approach is
3 favored because of the surgical effectiveness by direct removal
7. and decompression of OPLL and the prevention of cervical
1 instability due to cervical spinal realignment, reconstruction,
0 - . — . internal fixation, and fusion®'*.
Poor Fair Good Excellent However, in cases of multilevel OPLL involving more than

Fig. 3. Graphs showing JOA score (A), Nurick's grade (B) and Odom’s
criteria (C) before the surgery and during the follow-up. The improvement at
1 month and fast follow-up are statistically significant compared with the pre-
operative values (p < 0.05, t-test). A : The mean JOA score recovery from
pre-operation (pre OP) 1o last follow-up (Hu) was 5.1 points (from 9.1 1o
14.2). B : The mean Nurick's grade recovery from pre-operation (pre OP) to
last follow-up (f/u) was 1.82 (from 3.0 to 1.18). C : Cinical success rate
according to Odom’s criteria was increased from 75% to 91.6% through
follow-up periods.

3 levels, ACF is not satisfactory because of instrument failure,
graft extrusion, pseudoarthrosis, subsidence, and fusion fail-
ure®. Vaccaro et al.?” reported that fusion failure was 9% in
cases involving fewer than 2 levels and 50% in cases involv-
ing more than 3 levels. Further, Sasso et al.” reported that
fusion failure was 6% in those involving more than 2 levels
and 71% in those involving more than 3 levels. Therefore,

338



Circumferential Cervical Surgery | S Son, et al.

Fig. 4. A 65-year-old woman presented with gait disturbance 12 months ago. A : Pre-operative ceica MRI demonstrates severe spinal cord compression at
C4, 5,6, 7 levels with high signal change on T2-weighted imaging. B : Pre-operative C-CT shows continuous and hill-shaped OPLL in C5, 6 levels with 60%
(7.7/12.8mm) of SAC. C : Laminoplasty C4, 5, 6, 7, compectomy C5, 6, anterior cervical interbody fusion C4-7 and anterior cervical plate fixation C4-7 are done.

D : Postoperative cervical CT shows increased SAC from 60% to 100%.

Fig. 5. A 58-year-old man prented with motor weakness in both upper extremities 12 months ago. A : Pre-operative cervical MRI reveales severe spinal

cord compression at C4, 5, 6, 7 levels with high signal change on T2-weighted imaging. B : Pre-operative cervical CT shows continuous and hill-shaped OPLL
in C4, 5 levels with 44% (4.4/10.1 mm) of SAC. C : Laminoplasty C3, 4, 5, 6, 7, corpectomy C5, anterior cervical interbody fusion C4-6, and anterior cervical
plate fixation C4-6 are done. D : Postoperative cervical CT shows increased SAC from 44% to 100%.

ACF is recommended in cases of OPLL involving fewer than
3 levels.

When adhesion between OPLL and dura mater is severe
due to thick and mushroom- or hill-shaped OPLL, surgical
complications such as iatrogenic cervical cord injury, CSF lea-
kage due to tearing of dura mater, and massive bleeding, and
occasionally, progression of cord compression and cord injury
following insufficient removal of OPLL can occur®*'4161929),
Nakase et al."”, Mayr et al."”, Bazaz et al.”, and Ozgen et
al.* reported that the complication rate of ACE including
injury to the dura mater and spinal cord, CSF leakage, pro-
blem with instruments, and fusion failure, was 11-27%, and
suggested that surgeons must take care to avoid such compli-
cation as the tearing of dura mater and cord contusion dur-
ing ACE Shim et al.** suggested that the effectiveness of
ACF may be not satisfactory in severe cases of cervical OPLL
involving more than 50% of spinal canal diameter. There-
fore, in multilevel cervical OPLL with prominent cord com-
pression, the use of ACF alone may be insufficient and
dangerous.

A posterior decompression is favored due to ease of surgical
techniques, the efficacy in long segments, the ability to direc-
tly decompress the nerve root, the rare occurrences of com-
plications such as cord injury, problems with instrument, and
adjacent segment disease. In particular, laminoplasty can be

used to expand spinal canal with preservation of the posterior
structure of the cervical spine.

However, by using the postetior approach, the effectiveness
of surgery may be unsatisfactory due to the inability to direc-
tly remove the OPLL, which may be the major cause of neu-
rological deficits. Progression of OPLL may aggravate a pati-
ent’s symptoms, especially in cases of severe OPLL involving
more than 50-60% of spinal canal diameter'"***”. Ogawa et
al? carried out laminoplasty in 72 patients, and they report-
ed that 15.3% of patients complained of worsened symp-
toms, more than 2 points on the JOA score, and improvement
of symptoms was 41% of patents during a 5-year follow-up
period. Further, Kawaguchi et al."” reported that 24% of
patients complained of worsened symptom during a 10-year
follow-up period, and Iwasaki et al.” reported that improve-
ment of symptoms was 60% in patients during a similar 10-
year follow-up period. Moreover, Iwasaki et al.”, Chiba et
al.?, and Kawaguchi et al.'” reported that progression of
OPLL occutrred in 70-73% of patients after laminoplasty.

The potential for the development of spinal instability or
kyphosis is another disadvantage of the laminoplasty. Posto-
perative spinal instability or kyphosis can cause progressive
myelopathy or radiculopathy such as C5 nerve root palsy,
limitation of motion, and neck pain®>'***?**. Motoki et al."”’
carried out laminoplasty in 66 patients, and they reported
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that postoperative loss of cervical lordosis occured in 12
patients (18%). Yonenobu et al.*” reported that C5 nerve root
palsy occurred in 13 of 384 patients, and Dai et al.” reported
that postoperative radiculopathy occurred in 37 of 287 pat-
ents (12.9%). Therefore, results of posterior decompression
alone may be poor in cases of prominent cord compression
and loss of cervical lordosis at pre-operation.

When OPLL involves the multilevel cervical spine with
prominent cord compression resulting spinal cord ischemia
on MRI with/without loss of cervical lordosis, ACF ot lami-
noplasty alone procedure may cause a poor prognosis and
some complications. If we carry out ACF only, we must also
perform long level fusion, and then complications such as
fusion failure or adjacent segment disease may occur. Moreo-
ver, because of adhesion and narrow SAC, it seems to be
highly risky for intraoperative tearing of dura mater, spinal
cord injury, or insufficient removal of OPLL. On the cont-
rary, if we carty out laminoplasty only, the effect of surgery
may be insufficient due to the existence of OPLL and the
postoperative kyphosis may also occur. Therefore, in such
cases, circumnferential cervical surgery should be considered.

The multilevel laminoplasty for posterior decompression is
frist performed, providing the safe migration of the spinal
cord to the posterior part of spinal canal. Secondly, selective
corpectomy and removal of OPLL in the most severe seg-
ment (1-2 level) and fusion with a plate-and-screw system is
cartied out. Through this, the multilevel vertebral body can
be decompressed effectively with a low risk for occurrence of
the intraoperative complication, with a prevention of the fu-
sion failure, and with a maintenance of the cervical lordosis.

In the current study, increases of SAC and spinal canal dia-
meter following sufficient direct removal of OPLL, and with

regard to padent’s satisfaction, improvement of clinical out-

comes such as JOA score, NuricK's grade, and Odom’s criteria
were significant. Surgical complications such as aggravation
of neurological symptoms due to iatrogenic spinal cord in-
jury or CSF leakage due to tearing of dura mater did not
occut. Also, radiological findings, including nonoccurrence
of fusion failure and spinal instability, and increase of cervical
lordotic angle during the follow-up period were satisfactory.

Despite its inconvenience, time requirement, potential to
cause large EBL, and high risk of surgical morbidity such as
wound infection, the completion of selective ACF and lami-
noplasty in a single day is tolerable in carefully selected pati-
ents'. In the current study, surgical outomes including EBL,
operation time, and duration of bed rest were tolerable.
Other than one case of postoperative temporary pneumonia,
no major surgical morbidity occurred.

There were limitations in our study. The number of pati-
ents was too small and the follow-up period was too short.

Furthermore, we did not evaluate the biomechanical effect
and contribution of each technique alone on the circum-
ferential cervical surgery. Additional study is required to com-
pare circumferential cervical surgery to ACF or laminoplasty
alone in cases of identical operative indications.

CONCLUSION

Although we chose a small sample size and used short term
follow-up periods, the results indicate that single stage cir-
cumferential cervical surgery, in multilevel OPLL with pro-
minent cord compression resulting spinal cord ischemia on
MRI and severe neurological symptoms, seems favorable for
direct selective decompression with low risk of iatrogenic
cord injury and fusion failure, and for maintenance of cervi-

cal lordosis.
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