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Part 1 of our articles detailed surgical results of lamin-
oplasty and indicated that occupying ratio greater than
60% and hill-shaped ossification were associated rela-
tively poor outcome.! Since anterior decompression and
fusion (ADF) would accordingly be the procedure of
choice to obtain appropriate decompression and stabili-
zation in patients with these predisposing factors, the
authors have performed either laminoplasty or ADF for
patients with OPLL since 1996. The purpose of the
present study was to compare neurologic outcomes be-
tween the 2 procedures for the surgical treatment of cer-
vical myelopathy associated with a massive ossified le-
sion on the basis of the results in Part 1 of our
investigations.

® Materials and Methods

The authors have selected either laminoplasty or ADF since
1996, and 27 selected patients with OPLL were managed with
ADF at Osaka University Hospital and Osaka Rosai Hospital
between 1996 and 2003. These patients had undergone no
previous cervical surgery with the exception of one patient in
whom cervical kyphosis had developed after laminoplasty, re-
quiring ADF 4 months later. Although no definitive selection
criteria were applied in the selection of either laminoplasty or
ADF, ADF was chosen on the basis of the following character-
istics, which were considered factors predicting poor outcome
of laminoplasty: massive ossified lesions, hill-shaped ossifica-
tion, and sharp angulation of the spinal cord. Data for ADF
were available for all 27 patients (15 men and 12 women).
Mean age at surgery was 58 years (range, 41-74 years) and
mean duration of follow-up was 6.0 years (range, 2-10 years).
All patients included in the present study were of Asian descent.
Surgical results of ADF were compared with those of lamin-
oplasty, which was performed in 66 patients during the period
1986 and 1996.

Radiographic and neurologic assessment was described in
detail in Part 1 of our investigation.

Surgical Technique. The procedures of ADF as well as cervi-
cal laminoplasty have been described in detail elsewhere.?~®
Anterior procedures of the cervical spine were performed
through a standard left-sided Robinson-Smith anterior ap-
proach. The base of the uncinate process or lateral border of
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the disc was used as a landmark for the width of the vertebral
body. Subtotal corpectomy was performed at 2 to § levels as
determined by the extent of neurologic involvement and CT
reconstruction images. This was followed by total discectomy.
Transverse decompression was extended at least 20 to 25 mm
to ensure sufficient decompression.>” When the posterior cor-
tex of the vertebral body was exposed, the cortex and ossified
ligament were shaved with a diamond burr to make their thick-
ness as uniform as possible. After release of the ossified lesion,
the remnant of the ossified mass was not shaved but was in-
stead allowed to spontaneously move ventrally. Ossified lesions
were removed if they could easily be released, but this was not
attempted if lesions were strongly adherent to the dura or if the
dura itself was ossified. Autografts were used for arthrodesis in
all patients; a tricortical iliac crest graft was used in 9 patients
and fibular strut graft was used in 18 patients. The mean num-
ber of intervertebral levels fused was 3 (range, 2-5). One pa-
tient with myeloradiculopathy caused by segmental-type OPLL
was managed with an anterior plate, but anterior instrumenta-
tion was not used for any other patients. Immobilization with a
halo-vest was maintained after surgery for a mean of 8.2 weeks
(range, 4-14 weeks). Mean operation time was 302 minutes
(range, 167~470 minutes), and mean estimated blood loss for
ADF was 5§13 g (range, 70-1730 g).

Statistical Analysis. Comparisons of surgical outcomes be-
tween anterior and posterior procedures were assessed using
the Mann-Whitney U test.

Table 1. Preoperative Data in 27 Patients Who Underwent
ADF and 66 Patients Who Underwent Laminoplasty

ADF Laminoplasty

No. of patients 27 66

Female/male 12:15 15:51
Age (yr) at surgery

Mean 58 57

Range 41-74 41-75
Follow-up {yr)

Mean 6.0 10.2

Range 2-10 5-20
Preoperative JOA score

Mean 9.5 92

Range 4.5-14 0-15
Occupying ratio of OPLL (%)

Mean 56.6 444

Range 30-80 15N
Space available for spinal cord (mm)

Mean 5.6 16

Range 3-10 4-11
Type of OPLL [no. (%)]

Continuous 14 (52) 20 (30)

Mixed 7(26) 36 (55)

Segmental 2{7) 7(11)

Circumscribed 4(15) 31{5)
Shape of ossified lesion [no. (%)]

Plateau-shaped 16 (59) 54 (82)

Hill-shaped 11 (41) 12(18)
Operation time (min}

Mean 302 m

Range 167470 90-395
Estimated blood loss (g)

Mean 513 464

Range 70-1730 50-1800

ADF indicates anterior decompression and fusion; JOA, Japanese Orthopae-
dic Association.

Table 2. Cervical Alignment After ADF in 27 Patients
With OPLL

Postoperative Alignment [no. (%))

Preoperative Alignment Lordotic Straight Kyphotic " Total
Lordotic 12 3 ] 15 (56)
Straight 3* 4 ] 7(26)
Kyphotic 0 3 2 5(19)
Total 15(56) 10(37) - 2(n 27

*Improvement of cervica! alignment was observed in 6 patients.
ADF indicates anterior decompression and fusion.

B Results

Patient Demographics

The details of preoperative data in 27 patients who un-
derwent ADF are listed in Table 1. Mean preoperative
JOA score was 9.5 (range, 4.5-14). Mean preoperative
occupying ratio of OPLL was 56.6% (range, 30%-
80% ) and mean space available for the spinal cord (SAC)
was 5.6 mm (range, 3-10 mm). Type of OPLL was dis-
tributed as follows: continuous-type n = 14; (52%),
mixed-type n = 7 (26%); segmental-type, n = 2 (7%);
and circumscribed-type, n = 4 (15%). Ossified lesions
were plateau-shaped in 16 patients (59%) and hill-
shaped in 11 (41%). Preoperative sagittal alignment of
the cervical spine was lordotic in 15 patients (56%),
straight in 7 (26 %), and kyphotic in 5 (19%) (Table 2).
After ADF, improvement of cervical alignment was ob-
served in 6 patients and cervical alignment changed from
lordotic to straight in 3 patients at final follow-up.

Surgical Results of ADF Compared With Laminoplasty
Overall outcome of ADF was compared with that of
laminoplasty in Table 3. Among the 27 patients who
underwent ADF, mean JOA score improved from 9.5
(range, 4.5-14) before surgery to 13.2 (range, 9-16.5) at
final follow-up. Mean recovery rate was 57% (range,
28%-92%) at time of maximum recovery and 51%
(range, 0%-92%) at final follow-up. Neurologic out-
come was excellent or good in 56% of patients, fair in
37%, and poor in 7%. Although proportion of excellent
or good results was similar between ADF and lamin-
oplasty, poor outcome was more frequent in lamin-
oplasty than in ADF.

Table 3. Summary of Surgical Outcome of ADF
and Laminoplasty

Laminoplasty
ADF [no. (%) of [no. (%) of total
Overall Qutcome* total 27 patients)] 66 patients)
Excellent/good 15(56) 43 (65)
Fair 10(37) 10(15)
Poor 2(n 13(20)

*Surgical outcome was evaluated from recovery rate: excellent, >75%; good.,
50%-74%; fair, 25%-50%; poor, <25%.
ADF indicates anterior decompression and fusion.
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Table 4. Surgical Outcomes of ADF and Laminoplasty With Respect to Occupying Ratio of OPLL

JOA Score Recovery Rate (%)
Mean Occupying

Occupying Ratio No. Ratio (%) Preoperative Postoperative Final Follow-up Maximum
ADF

<60% 17 50 9.6 13.1 49 55

=60% 10 69 9.3 13.4 54* 64*
Laminoplasty

<60% 60 42 9.2 14.1 58 67

=60% 6 66 9.4 11.0 14 3

ADF, anterior decompression and fusion; JOA, Japanese Orthopaedic Association.
*Surgical outcome of anterior decompression and fusion was superior to that of laminoplasty in patients with occupying ratio greater than 60% (P < 0.03).

When surgical outcomes were compared with respect to
occupying ratio of OPLL, mean JOA score improved from
9.6 (range, 6~14) before surgery to 13.1 (range, 9-16.5) at
final follow-up in the 17 patients with occupying ratio
<60% (Table 4). Mean recovery rate of these patients was
49% (range, 0%—-91%) at final follow-up and 55% (range,
28%-91%) at time of maximum recovery. Therefore, there
was no significant difference in surgical outcome between
ADF and laminoplasty for patients with occupying ratio
<60%. On the other hand, in the 10 patients with occupy-
ing ratio =60%, mean JOA score improved from 9.3
(range, 4.5-12) before surgery to 13.4 (range, 10-16.5) at
final follow-up. Mean recovery rate of these 10 patients
was 54% (range, 33%-92%) at final follow-up and 64%
(range, 33%-92%) at time of maximum recovery. In pa-
tients with occupying ratio =60%, surgical outcome of

ADF was therefore superior to that of laminoplasty (P <
0.03) (Table 4). Pre- and postoperative data from patients
with occupying ratio 260% are detailed in Table 5.
Among 10 patients underwent ADF for massive ossi-
fication with occupying ratio =60%, pseudarthrosis
was observed in Case 1, late deterioration was ob-
served in Case 2 after a minor trauma, additional sur-
gery due to inadequate decompression of ossification
was needed in Case 5, and laminoplasty was required
thereafter in Case 9 (Table 5). With the exception of 1
patient (Case 2) who experienced late neurologic deteri-
oration and neuropathic pain in the left arm due to the
traffic accident 99 months after ADF, no patients devel-
oped severe postoperative pain after ADF.

With regard to sagittal shape of ossification, surgical
outcome of patients with hill-shaped ossification was sig-

Table 5. Characteristics of OPLL Patients With Occupying Ratio 60%

JOA Score Recovery Rate (%) Cervical Alignment

Case/Age Follow-up Occupying Final Final Shape/Type Postoperative

{yr)/Sex {yr) Ratio {%) Preoperative Follow-up Maximum Follow-up  of OPLL Preoperative Change Others

ADF

1/56/M 9 60 9 135 81 56 Hill/mixed Lordotic =~ No Pseudarthrosis

2/48/M 10 62 12 135 90 30 Plateau/ Kyphotic Straight Trauma
cont.

3/60/F 9 63 11 16.5 92 92 Hill/cont. Lordotic No

4/51/M b 64 11 14 58 50 Plateau/ Lordotic . No
cont.

5/52/F 6 67 105 14 54 54 Plateau/ Lordotic No Reoperation
cont.

6/58/M 10 69 n 13 33 33 Plateau/ Lordotic No
cont.

1/56/F : 3 70 45 10 4 44 Hill/mixed Lordotic Straight

8/74/F 5.5 75 95 15.5 80 80 Hill/circum. Lordotic No

9/58/F 7 75 15 12 53 47 Plateau/ Straight Lordotic Laminoplasty
cont.

10/41/M 6.5 80 7 12 50 50 Hifl/mixed Straight No

Laminoplasty

1/63/M 5 60 115 12 2 9 Plateau/ Straight No Axial pain
mixed

2/55/M 15 62 10 8.5 29 =21 Plateau/ Straight No Arm pain
mixed

3/60/M 10 65 6 10 46 36 Hill/mixed Lordotic Straight

4/51/M 9 67 12 12 20 0 Hill/cont. Lordotic Straight

5/41IM 5 70 10 L] 0 —14 . Hill/cont. Kyphatic Kyphatic*  Arm pain

6/46/M 15 n 7 145 80 75 Plateau/ Kyphotic Kyphotic
mixed

"in this case, preoperative kyphosis deteriorated.

ADF indicates anterior decompression and fusion; JOA, Japanese Orthopaedic Association; cont., continuous-type of OPLL; circum., circumscribed-type of OPLL.
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Table 6. Surgical Qutcomes of ADF and Laminoplasty With Respect to Sagittal Shape of Ossification
JOA Score Recovery Rate (%)

Sagittal Shape Mean Occupying
of Ossification No. Ratio {%) Preoperative Final Follow-up Final Follow-up Maximum
ADF

Plateau 16 53 9.9 13.6 54 59

Hill " 61 8.9 12.9 51 57
Laminoplasty

Plateau 54 43 9.3 14.1 60 69

Hill 12 51 9.1 1.7* 30* 40"

*Surgical outcome of patients with hill-shaped ossification was significantly poorer than that of those with plateau-shaped ossification in laminoplasty (P < 0.01).
ADF indicates anterior decompression and fusion; JOA, Japanese Orthopaedic Association.

nificantly poorer than that of those with plateau-shaped
ossification among patients who underwent lamin-
oplasty (P < 0.01), although there was no significant
difference in surgical outcome among patients who un-
derwent ADF (Table 6).

Surgery-Related Complications After ADF

With regard to surgical complications among 27 patients
underwent ADF, neurologic deterioration was observed
in 2 patients (7%). One patient demonstrated transient
motor weakness in the left lower extremity immediately
after surgery; this gradually recovered. The other patient
(Case 5) demonstrated C5 segment palsy immediately
after surgery, and additional anterior decompression
was required because inadequate decompression of ossi-
fication was recognized on postoperative CT and MR
images. Four patients (15%) developed complications
related to grafted bone; graft extrusion occurred in 2
patients and pseudarthrosis in 2 patients. In these 4 pa-
tients, with graft-related complications, additional pos-
terior stabilization with instrumentation was performed
and resulted in solid fusion. Laminoplasty was added
thereafter in 2 patients who exhibited late neurologic
deterioration 8 months and 35 months after surgery, re-
spectively. Ultimately, additional surgical interventions
were required in 7 (26 %) of 27 patients who underwent
ADF, whereas additional cervical spine surgery was re-
quired for epidural hematoma immediately after lamin-
oplasty in only 1 (2%) of 66 patients who underwent
laminoplasty.

m Case Reports

Case 7
This 56-year-old woman with OPLL occupying 70% of
the spinal canal underwent an anterior floating proce-
dure using fibular strut graft (Figure 1). Preoperative
JOA score was 4.5, postoperative JOA score was 10, and
recovery rate was 44 %. Preoperative radiograph demon-
strated mixed-type OPLL but did not clearly show a mas-
sive ossified lesion at the lower levels (Figure 1A). Preop-
erative reconstructed CT and T1-weighted MR imaging
clearly demonstrated a massive hill-shaped ossification
at C5-Cé6 (Figure 1B). T1-weighted MR imaging per-
formed 3 months after surgery (Figure 1C) demonstrated
sufficient anterior decompression of the spinal cord. Pre-

operative CT myelography demonstrated massive ossifi-
cation compressing the spinal cord anteriorly at C5-Cé6.
CT performed 1 week after surgery demonstrated 2
pieces of grafted fibula and the line of residual ossifica-
tion behind the grafted fibula {Figure 1D). CT image
taken 7 weeks after surgery (Figure 1D) and radiograph
images taken 2 years after surgery (Figure 1E) demon-
strated anterior shift of the residual ossification behind

the grafted fibula.

Case 8

This 74-year-old woman with OPLL occupying 75% of
the spinal canal underwent an anterior floating proce-
dure using a fibular strut graft (Figure 2). Preoperative
JOA score was 9.5, postoperative JOA score was 15.5,
and recovery rate was 80%. Preoperative lateral radio-
graph demonstrated circumscribed-type, hill-shaped
OPLL (Figure 2A). Preoperative T2-weighted MR imag-
ing and CT myelography (Figure 2A-B) demonstrated a
massive ossification compressing the spinal cord anteri-
orly. CT image taken 1 week after surgery demonstrated
grafted fibula and a line of residual ossification behind
the grafted fibula. CT image taken 5 weeks after surgery
(Figure 2B) and lateral radiograph images taken 4 years
after surgery (Figure 2C) demonstrated anterior shift of
the residual ossification behind the grafted fibula.

W Discussion

Surgery-Related Considerations
Some controversy exists over the appropriate method of
surgery for cervical myelopathy caused by OPLL. In the
present study, surgical outcome of ADF was significantly
better than that of laminoplasty in patients with occupy-
ing ratio 260%. In addition to occupying ratio of OPLL,
hill-shaped ossification was found to be predictive of
poorer outcome after laminoplasty.! In the present
study, neither occupying ratio of OPLL, nor sagittal
shape of ossification, nor cervical alignment were found
to be related to surgical outcome of ADF.

The authors have concluded that laminoplasty is
effective and safe for most patients with the following
characteristics!*®: 1) occupying ratio of OPLL <60%;
and 2) plateau-shaped ossification. However, one lim-
itation of laminoplasty is that OPLL remains ventral
to the spinal cord even after surgery because the dis-
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Figure 1. Case 7. A, Preoperative lateral radiograph image demonstrating mixed-type OPLL but not clearly showing a massive ossified
lesion at C5-C6. B, CT reconstruction image (left}, Ti-weighted MR image (right} demonstrating a massive ossification at C5-C6. C,
Ti1-weighted MR image taken 3 months after surgery demonstrating sufficient anterior decompression of the spinal cord. D, Preoperative
and postoperative CT. Preoperative CT myelogram (left} demonstrating severe compression of the spinal cord with a massive OPLL at
C5-C6. CT image taken 1 week after (middle) surgery demonstrating 2 pieces of grafted fibula and the line of residual ossification behind
the grafted fibula. CT image taken 7 weeks after surgery (right) demonstrating anterior shift of the residual ossification behind the grafted
fibula. E, Radiograph image taken 2 years after surgery demonstrating anterior shift of the residual ossification.

order generally continues to progress. Incidence of
progression of OPLL after laminoplasty has been re-
ported at 70% to 73%; this risk is reportedly greatest
in younger patients (<59 years of age).*”'® On the
other hand, incidence of postoperative progression af-
ter the anterior procedure has been found to range
from 36% to 64%.7'!! Since ossification remains ven-
tral to the spinal cord permanently and can progress
after surgery, the authors consider that laminoplasty
has limitations in terms of maintaining decompression
of the spinal cord if patients would have hill-shaped
massive ossification or cervical alignment would dete-
riorate after surgery.

Surgery-Related Complications
Regarding surgery-related complications, several au-
thors have noted a high incidence of complications in
ADF.'>!3 Shinomiya et al reported that the rate of sur-
gical complications, including CSF leakage and disloca-
tion or pseudarthrosis of the bone graft, was 23% and
that reoperation was required in 12.5% of cases.'? Sim-
ilarly, Epstein reported that 15% of patients undergoing
anterior surgery for cervical OPLL required reoperation
due to pseudarthrosis.’*

Several surgeons have attempted to remove ossified
lesions using the anterior approach, however, results of
anterior procedures have varied due to insufficient de-
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Figure 2. Case 8. A, Preoperative
lateral radiograph image (left)
and T2-weighted MR image
(right} demonstrating circum-
scribed-type OPLL at C3-C4. B,
Preoperative and postoperative
CT. Preoperative CT myelogram
(left) demonstrating severe com-
pression of the spinal cord with a
massive OPLL at C3-C4. CT im-
age at 1 week {middle), CT image
at 5 weeks (right) demonstrating
anterior shift of the residual os-
sification behind the grafted fib-
ula. C, Lateral radiograph image
at 4 years after anterior floating
procedure.

compression resulting from ossification of the dura or
massive bleeding from the epidural space. The authors
have selected the anterior floating method in which the
spinal cord is decompressed without total resection of
the ossified lesion.® This method has made anterior de-
compression surgery for cervical myelopathy caused by
OPLL safer and more reliable. The advantages of this
procedure include gradual decompression without extir-
‘pation but with an anterior shift of the OPLL to avoid
dural tears caused by ossification of the dura, and lower
risk of injury to neural tissues.

In the present study of 27 consecutive patients who un-
derwent ADF, graft complications occurred in 15% and
additional surgical intervention was required in 26 %. Post-
operative deterioration of cervical alignment from lordotic
to straight was observed in 3 patients (11%}), whereas im-

provement of alignment was observed in 6 patients (22%).
On the other hand, complications after laminoplasty in-
cluded persistent neuropathic arm pain in 8% and postop-
erative deterioration of cervical alignment to kyphotic in
6%.! Deterioration of cervical alignment was related to
poor surgical outcome for laminoplasty,' but not for the
anterior procedure: mean recovery rate of 3 patients with
postoperative change in cervical alignment after ADF was
54% (range, 44%—82%). Although ADF was not associ-
ated with any persistent postoperative problem, lamin-
oplasty was superior in terms of surgery-related complica-
tions requiring additional surgeries.

m Conclusion

ADF is technically demanding and is associated with a
higher incidence of surgery-related complications. How-
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ever, if surgeons seek to optimize neurologic outcome,
ADF is preferable to laminoplasty for patients with oc-
cupying ratio of OPLL =60% and/or hill-shaped ossifi-
cation. Surgical treatment for cervical myelopathy
caused by OPLL should be chosen based on the follow-
ing considerations: occupying ratio of OPLL, type and
shape of ossification, sagittal curvature of the cervical
spine, dynamic instability between the interrupted ossi-
fied lesions, patient age, and skill of the surgeon.

m Key Points

- @ We retrospectively studied patients with cervical
myelopathy due to OPLL to compare surgical out-
come of anterior decompression and' fusnon with

 that of laminoplasty.

e In patients with occupying ratio =60%, anterior

= decompressmn and fusion yielded a better- neuro-

- logic otitcome than laminoplasty.”

«: ‘Although anterior decompression.and fusxon is

- -;techmcally demandmg -and has a hlgher incidence
*of surgery-related comphcatlons it is preferable to.
“laminoplasty for panents ‘with occupymg ratio of
"OPLL >60%
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We retrospectively studied cases of cervical myelopathy secondary to OPLL to compare the surgical out-
come of laminoplasty with that of anterior decompression and fusion. The neurological outcome of lamino-
plasty in patients with an occupying ratio260% was poorer than in those with an occupying ratio <60%. Mul-
tiple regression analysis showed that the most significant predictor of poor outcome after laminoplasty was
hill-shaped ossification, followed by lower preoperative JOA score, postoperative change in cervical align-
ment, and older age at surgery. In the patients with an occupying ratio260% anterior decompression and
fusion yielded a better neurological outcome than laminoplasty. Although anterior decompression and fusion is
technically demanding and in associated with a higher incidence of surgery-related complications, it is prefer-
able to laminoplasty for patients with an OPLL occupying ratio 260% and/or hill-shaped ossification.
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