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3) The complications recognized were
deterioration of myelopathy immediately
after surgery in 18 (11.7%), epidural
hematoma in 3 (1.9%), and dural injury
in 34 (22.1%) patients. In 12 (66.7%) of

18 patients with aggravation, the
paralysis improved spontaneously 5.6
days on average (1-30 days) after
surgery.

[Discussions] The mean recovery rate of
JOA score after surgery was 36.8%, which
was worse than that of cervical OPLL
reported in the literatures ranging from

43-63% 1'%, The factors significantly
associated with favorable surgical
results were maximum ossification

located at the upper thoracic spine and .

use of instrumentation. Because the
thoracic spine presents kyphosis and the

spinal cord is usually compressed by
ossified lesions extensively from front,

posterior decompression alone may not
work effectively. However, the upper
thoracic spine is close to the lower
cervical spine, where lordosis exists

and, therefore, T-OPLL at the wupper
thoracic spine could be treated by
laminoplasty that is relatively a safe

surgical procedure for neural elements

expecting the posterior shift of the
spinal .cord. The use of instrumentation
allows correction of kyphosis or, at
least, ©prevention of progression of
kyphosis, and stabilization of the spine,
thereby, enhancing and maintaining
.decompression effectu), and 1its use
should be taken into consideration
particularly when posterior
decompression is conducted. Intra- and
postoperative complications are not rare
in surgery for T-OPLL. In the present
survey, the frequency of deterioration
of the paralysis immediately after the
surgery was as relatively high, at 11.7%.
Except for the patients who developed

Frankel stage A paralysis, it also
became clear that the paralysis may be
expected to improve spontaneously. Some

attempts to make surgery for the disease
safer and to improve the surgical
outcomes have been made, which include
combined use of instrumentation, use of
a navigation system.during excision of

the ossified lesion, use of
intraoperative ultrasonography for
confirmation of decompression during

posterior decompression, etc 12)

Some limitations of the present study
were that it was a retrospective study
and the number of patients included in
the analyses was small despite the large
number of participating institutions,
making reliable statistical analysis
difficult. Nonetheless, valuable results
were obtained considering that a
considerable number of patients with T-
OPLL, a rare disease, who were
surgically treated, were collected. The
results are expected to provide some
guidelines for selection of the surgical
treatment method in the patients. The
results may also serve as basic data for
prospective studies that are needed in
the future.
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32. Transforaminal Lumbar Interbody Fusion with Bone
Morphogenetic Protein (rhBMP-2) - Risk Factors for Pseudarthrosis
John McClellan, Ill, MD’, Daniel Mulconrey, MD? H. Randal Woodward,
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BACKGROUND CONTEXT: The authors have previously reported ver-
tebral osseous resporption following TLIF with the use of thBMP-2 in the
intervertebral disc space. The effects of osseous resorption, cage surface
area, and cage subsidence on lumbar interbody fusion rates has not previ-
ously been described. No current study has evaluated risk factors associ-
ated with pseudarthrosis.

PURPOSE: To identify whether intervertebral cage surface area, subsi-
dence of the intervertebral cage, osseous resorption, age, or gender affect
fusion rates after TLIF with thBMP-2.

STUDY DESIGN/SETTING: Retrospective computed tomography eval-
uation to identify risk factors associated with pseudarthrosis after transfor-
aminal interbody fusion augmented with bone morphogenetic protein
(rhBMP-2).

PATIENT SAMPLE: Patient sample size was 117.

OUTCOME MEASURES: Thin.cut CTs with coronal and sagittal views
were used to evaluate fusion.

METHODS: 117 consecutive patients, who had undergone single level
TLIF with thBMP-2 were selected. All patients had rhBMP-2 placed in
the interbody space along with an interbody support. Thin cut CT scans
with coronal and sagittal reconstructions were performed post-operatively.
CT scans were done an average of 6.8 months post-operatively (2.63 to
43.36). An independent radiologist evaluated all CT studies. Cage surface
area was categorized in 3 groups (<30%, 30-50%, and >50%). Cage sub-
sidence was defined as Mild <25%, Moderate 25-50%, Severe >50%, or
None. Osseous resorption was evaluated and defined in correlation with
previous reports.

RESULTS: The patient mean age was 48.5 years. The TLIF levels totaled
L1/2 (1), L3/4 (17), LA/5 (64), L5/S1 (35). At final follow-up, 4 of 117 pa-
tients (3.4%) had CT confirmation of pseudarthrosis. Cage surface area was
<30% (39) levels, 30-50% (64) levels and >50% (14) levels. Cage subsi-
dence was Mild (27) levels, Moderate (8), and Severe (5) levels. Osseous
resorption was present in 71 levels. Four levels with pseudarthrosis were
present at L1/2 (1) and L4/5 (3). Cage subsidence was noted in all 4 of these
levels. Interbody support was <30% in the non-fused levels. Both of these
values reached statistical significance when compared with the group mean
(p=0.002 and p=0.001, respectively). The presence of vertebral osseous
resorption in all 4 pseudarthrosis was severe (>1x1cm) and did not reach
statistical significance, but size of the defect appears to be greater in the
non-fusion patients. Although not statistically significant, pseudarthrosis
was associated with a higher mean age (56.5 years). There were 69 females
and 48 males. Gender did not affect fusion rate (p=0.277).
CONCLUSIONS: The TLIF procedure typically employs a small inter-
body spacer. These results indicate to optimize fusion in patients undergo-
ing TLIF with thBMP-2 the surgeon should maximize surface area support
of the intervertebral cage. Cage subsidence, osseous resorption, and age
may be linked to pseudarthrosis. All of these factors should be avoided
to promote successful interbody fusion.

FDA DEVICE/DRUG STATUS: thMP—2 / Infuse: Not approved for this
indication.

doi: 10.1016/j.spinee.2007.07.396
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33. Factors Influencing the Results of Surgery for Ossification of

the Posterior Longitudinal Ligament in the Thoracic Spine—A
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BACKGROUND CONTEXT: Surgical treatment of ossiﬁcaiion of the
posterior longitudinal ligament in the thoracic spine (T-OPLL) is techni-
cally demanding even with recent advance in surgical techniques. Detailed
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analyses of surgical outcomes of T-OPLL have been difficult because this
disease is rare and the number of patients at a single institute is limited.
PURPOSE: The purpose of the study was to evaluate the results of surgery
and complications and to find an optimal surgical option for T-OPLL.
STUDY DESIGN/SETTING: A multi-institutional retrospective study.
PATIENT SAMPLE: The subjects were 154 patients with T-OPLL who
were surgically treated at 34 institutions during the 5-year period between
1998 and 2002 and who were followed for at least 1 year (62 males and 92
females; mean age, 56.8 years; mean follow-up period, 3.0 years). The
level of the maximum ossification was T1-T4 in 68 patients, T5-T8 in
61, and T9-T12 in 22.

OUTCOME MEASURES: Assessments were made on 1) The Japanese
Orthopaedic Association (JOA) score (full marks, 11 points), its recovery
rate, and Modified Frankel classification, 2) factors related to surgical re-
sults, and 3) complications and their sequelae.

METHODS: The surgical procedures were laminectomy in 37, laminoplasty
in 36, anterior decompression and fusion by the anterior approach in 25, ante-
rior decompression by the posterior approach in 29, and others in 13 patients.
Instrumentation was conducted in 52 patients (33%). The ossified lesion was
excised in 48, thinned and floated in 25, and left unresected in 81 patients.

Figure 1.

RESULTS: 1) The mean JOA score before surgery was 4.6%2.0 and,
7.122.5 after surgery. The mean recovery rate was 36.8+47.4%. In mod-
ified Frankel classification, there was improvement by at least one grade in
107 patients (69.5%), no change in 38 (24.7%) and aggravation in 9
(5.8%). 2) The recovery rate was 25% or higher in 104 patients (67.5%).
Factors significantly related to the recovery rate of 25% or higher were lo-
cation of the maximum ossification at the upper thoracic vertebrae (T1-T4)
(age- and sex-matched odds ratio: 2.43-4.17) and use of instrumentation
(the odds ratio: 3.37). Morbid period, preoperative JOA score, and surgical
procedures were not significantly related to the recovery rate. 3) The com-
plications recognized were deterioration of myelopathy immediately after
surgery in 18 (11.7%), epidural hematoma in 3 (1.9%), and dural injury in
34 (22.1%) patients. In 12 (66.7%) of 18 patients with aggravation, the pa-
ralysis improved spontaneously 5.6 days on average after surgery.

CONCLUSIONS: The mean recovery rate of JOA score was worse than
that of cervical OPLL reported in the literatures. The factors significantly
associated with favorable surgical results were maximum ossification lo-
cated at the upper thoracic spine and use of instrumentation. The upper

thoracic spine is close to the lower cervical spine, where lordosis exists
and T-OPLL at the upper thoracic spine could be treated by laminectomy
or laminoplasty that is relatively safe for neural elements. The use of in-
strumentation allows correction of kyphosis and stabilization of the spine,
thereby, enhancing and maintaining decompression effect, and its use
should be taken into consideration particularly when posterior decompres-
sion is conducted. The aggravation of paralysis immediately after surgery
was observed in more than 10 % of the patients, but spontaneous improve-
ment in paralysis could be expected in more than half of the patients.
FDA DEVICE/DRUG STATUS: This abstract does not discuss or include
any applicable devices or drugs.

doi: 10.1016/j.spinee.2007.07.040
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BACKGROUND CONTEXT: Studies have demonstrated that bipedicu-
lar kyphoplasty is a safe and effective procedure for the treatment of pain
associated with osteoporotic vertebral compression fractures. Biomechan-
ical testing showed that experimental unilateral kyphoplasty had compara-
ble properties to bipedicular kyphoplasty. Thus this technique would be an
attractive alternative to the traditional bipedicular kyphoplasty, due to the-
oretical speed, safety and less expense. However, to date no clinical data
are available regarding the efficacy and safety of unilateral balloon
kyphoplasty. '
PURPOSE: To evaluate the clinical and radiographic outcomes of the uni-
pedicular-unilateral balloon kyphoplasty in osteoporotic vertebral com-
pression fractures (VCFs).

STUDY DESIGN/SETTING: Prospective observational study.
PATIENT SAMPLE: 317 kyphoplasty procedures performed in 142 pa-
tients with osteoporotic VCFs, using the unilateral technique.
OUTCOME MEASURES: To evaluate improvement in pain and physical
function, preoperative and postoperative scores of visual analog scale
(VAS), SF-36 and Oswestry disability index (ODI) were compared, at 3
and 12 months postoperatively. Complications were recorded. Height res-
toration and overall coronal and sagital spinal alignment was assessed pre
and post-operatively.

METHODS: 317 kyphoplasty procedures were performed in 142 patients
with osteoporotic VCFs, using the unilateral technique. This was per-
formed exclusively via extrapedicular cannulation of the vertebral body
aiming to the center of the vertebral body. To evaluate improvement in pain
and physical function, preoperative and postoperative scores of visual an-
alog scale (VAS), SF-36 and Oswestry disability index (ODI) were com-
pared, at 3 and 12 months postoperatively. Complications related to the
procedure and cement extravasation rates were recorded. Height restora-
tion and overall coronal and sagital spinal alignment was assessed pre
and post-operatively.

RESULTS: Mean midvertebral height restoration was found 48.9%; when
vertebral levels treated were stratified into two groups, with or without
height restoration (90.1% and 9.9% of all levels respectively), corrected
mean midvertebral height restoration was found 54%. No lateral wedging
or changes in the coronal alignment were observed. Significant improve-
ment on the VAS, SF-36 scores and ODI was noted postoperatively; nev-
ertheless at the 12-month follow-up only 30 patients completed the SF-36
questionnaire, whereas the VAS/ ODI was completed by only 19 patients.
No complication was recorded; 34 cases (10.73%) of cement extravagation
were all asymptomatic.

CONCLUSIONS: Unipedicular-unilateral extrapedicular kyphoplasty is
both a safe and efficacious alternative to the traditional bipedicular kypho-
plasty for the treatment of painful osteoporotic VCFs. As technique, it is
faster, less expensive and involves less radiation exposure for the surgical
suite personnel.
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Clinical results of posterior decompression with fusion for thoracic OPLL : Ryo SAKAI et al. (Department of Ortho-
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Usefulness of Preoperative Dynamic MRI in Selective Laminoplasty
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Abstract Selective laminoplasty has been performed for cervical spondylotic myelopathy (CSM) in our institutions. Preop-
erative dynamic MRI was used to determine the decompression area of the selective laminoplasty.

The subjects were 41 patients with CSM, who had undergone preoperative dynamic MRI in flexion, neutral and extension
positions. The changes in the number of intervertebral levels with cord compression (compression number) on images in each

position were evaluated.

Patients were divided into two groups; the compression number increased in the extension position than the neutral posi-
tion in group A, but did not change in group B. Decompression was performed for all intervertebral levels where cord compres-

sion was seen in either of the images.

Group A comprised 30 patients (73.2%). In this group A, the mean compression number had increased from 1.4 in the neu-
tral position to 3.1 in the extension position, and the mean recovery rate was 54.9%. Group B comprised 11 patients (26.8%).
In this group, the mean compression number was 3.5 in both neutral and extension positions, and the mean recovery rate was

49.6%.

Less invasive surgeries that limit decompression levels have recently been attempted for CSM. Preoperative dynamic MRI
is useful for decision on decompression levels in selective laminoplasty.

Key words &R SN (selective laminoplasty), FREHIFH (decompression area), B MRI (dynamic MRI)
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Surgical Technique for Spine and Spinal Nerves

BIRAFAHEHE SR IC & (7 B 1iT#k MRI & RBAEDRE

Postoperative MRI and Clinical Results in Selective Cervical Laminoplasty

B 8 A \HB B R A B AT E R
& AR R —*

B F Z LERY

{

SRR

)

Abstract The aim of this study is to evaluate the relation between the amount of dural tube expansion after selective
laminoplasty and its surgical results. The subjects were 34 patients (20 males and 14 females) with CSM who underwent selec-
tive laminoplasty. The mean age at the time of operation was 65.6 years. For each patient, pre- and postoperative JOA scores
were analysed, and the recovery rate was obtained. All patients had postoperative MRI taken 4 to 12 months after operation.
With sagittal T2-weighted images, we scrutinized any obliteration of the anterior or posterior subarachnoid space at each
intervertebral. According to these MRI findings, the patients were classified into 4 groups, as follows; those with no oblitera-
tion of anterior or posterior subarachnoid space were included in Group A, those with obliteration of anterior subarachnoid
space at either one of the levels in Group B, those with obliteration of the posterior subarachnoid space in Group C, and those
with obliteration of both anterior and posterior subarachnoid spaces in Group D. The recovery rates in Group A, B, and C
went beyond 50%. Satisfactory clinical results can be expected when postoperative MRI shows opening of either the anterior
or posterior the subarachnoid space. '

Key words HHEEWHRAE (cervical spondylotic myelopathy), BEIREIMES A (selective laminoplasty), fif# MRI
(postoperative MRI) :
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Surgical Technique for Spine and Spinal Nerves

MR ENE B IC N ¥ 2 FiEDRE

Clinical Results of Surgical Treatment for OPLL of Thoracic Spine

ZEkWRk RH F
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NEB—E  WmE 5 ARE—

Abstract The purpose of this study is to investigate the clinical results of surgical treatment for ossification of the poste-
rior longitudinal ligament (OPLL) in the kyphotic part of the thoracic spine. Three operative procedures were performed for 9
cases with OPLL of the upper and middle thoracic spine. Posterior decompression with fusion was indicated for 4 cases, ante-
rior decompression via posterior approach for 3, and posterior decompression for 2. Preoperative walking ability, clinical
results, and radiological findings were evaluated for each surgical method. Radiological findings were evaluated by type of ossi-
fication lesion, ossification-kyphosis angle of decompression area and change of kyphosis angle. Postoperative progress of
kyphosis was associated with poor neurological recovery. Clinical results were good for cases with little change in the kyphosis
angle after operation. We thought that a dynamic factor played a part in the clinical results, because the posterior decompres-
sion with fusion group obtained good recovery, and that posterior decompression with fusion was a useful operation even for
severe anterior compression of the spinal cord.

Key words ##t#H8{LiE (OPLL), Mt (thoracic spine), F#itk (surgical treatment)
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Clinical Significance of CSF Nitric Oxide
Metabolites in Spinal Cord Injury
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'Rehabilitation Center, Niigata University Hospital, Niigata, Japan
2Deptartment of Orthopedic Surgery, Niigata Rousai Hospital, Niigata, Japan
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Summary

The objective of the present study was to examine the correlation between
cerebrospinal fluid (CSF) nitric oxide metabolites (NO, plus NO,: NOx lev-
els) and neurologic recovery in spinal cord injury (SCI). The NOx levels
tended to be high from 5 to 14 days in same patients. The NOx levels at
subacute phase were higher than those in control, and at acute and chronic
phase. Also, there was a negative correlation between the motor recovery
percentage (MRP) and the NOx levels only at subacute phase. This indicates
that NOx levels at subacute phase would be novel quantitative predictors for
neurologic prognosis in SCI.

Introduction

In animal models of SCI, inducible NO synthase is expressed in the spinal
cord immediately after sustaining SCI.?” Excessive NO production has cyto-
toxic effects and induces neuronal apoptosis, causing neural degeneration and
neurodysfunction in the spinal cord.” However, little is known about the
relationship between NOx levels in the cerebrospinal fluid (CSF) and neuro-
logic recovery in clinical cases. We previously reported that preoperative
concentrations of NOx levels in the CSF are higher in patients with lumbar
degenerative diseases than in pain-free controls®, and are significantly corre-
lated with the degree of pain relief following surgery.® The objectives of this
study were 1) to investigate time-course of the CSF NOx levels in same
patients, and 2) to examine the correlation between NOx levels and neuro-
logic recovery after SCI. ‘
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