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SUMMARY

A 62-year-old man was admitted to our institute
with the complaint of severe paralysis of his bilateral
upper and lower extremities. When he was 32 years
old, he underwent a renal transplant from a deceased
donor. At the age of 53 years, he underwent anterior
decompression surgery and fusion with an autologous
fibula strut at C2-C6 levels for the treatment of
cervical spondylotic myelopathy. At the age of 56
years, posterolateral fusion at L4-L5 levels was
performed to treat degenerative spondylolisthesis at
L4. After the first and the second spine surgeries,
he was neurologically improved. At the age of
62 years, instability at the C2-C3 level, where
pseudoarthrosis had developed after the first spine
surgery, increased, causing compression myelopathy.
Posterior decompression with instrumented fusion
was performed at C2-C7 levels. Intraoperatively,
we were careful that prone positioning did not
cause compression of the transplanted kidney. We
confirmed the blood flow of the transplanted kidney
using ultrasonography. We carefully controlled his
circulating blood volume, such that the function of
the transplanted kidney was maintained during the
perioperative period. After surgery, bone union was
obtained at the pseudoarthrosis site, and his paralysis
was improved.
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THREE-YEARS RESUSTS OF CERVICAL DISC
PROSTHESES IN THE SWISSSPINE REGISTY

E Aghayev, P Moulin, CP Réder, on behalf of the SWISSspine Group
IEFO, IEFO, University of Bern, Bern, Switzerland

Background context: The Swiss federal office of public health
y nationwide HTA-registry for cervical total disc
arthmplasty (TDA), amongst other technologies, to decide about
reimbursement of these interventions.
Purpose: The goal of the SWISSspine registry is to generate evidence
about the safety and efficiency of these medtech innovations.
Study design: Prospective multicenter observational case-series.
Patient sample: From 3.2005 until 3.2010 1,044 interventions with
implantation of 1,201 discs from five different suppliers were performed.
Outcome measures: neck and arm pain levels, medication, segmental
mobility, quality of life, work status complication and revision rates.
Surgeon admi instruments were primary
intervention, implant and follow-up forms; patient self-reported
measures were EQ-5D, COSS, and a comorbidity questionnaire. Data
is recorded perioperative, at 3 months and 1 year postoperative, and
annually thereafter.
Results: There was significant and clinically relevant reduction of
neck (preop/postop 58.6/22.4 pmms) and arm pam (preop/postop 64 5/
20.4) on VAS and a quently d cc n
Similarly, quality of life improved from preop 0.43 to postop 0.84
points on EQ-5D scale. There were 6 intraoperative complications and
14 revisions during the same hc ization for 887
TDAs and 2 intraoperative complications and 8 revisions for 157 two-
level surgeries. A pharmacologically treated depression was identified
as important risk factor for achieving a clinically relevant pain alle-
viation >20 points on VAS. Two-level surgery resulted in similar
outcomes d with the | interventions.
Conclusions: Cervical TDA appeared as safe and efficacious in short-
term pain alleviation, consequent reduction of pain killer consumption
and in improvement of quality of life. A clinically relevant pain
reduction of more than 20 points was most probable if patients had
preoperanve pain levels higher than or equal to 40 points on VAS. A
logically treated d. ion and two-level surgery were
identified as risk factors for less pronounced pain alleviation or
quality of life improvement.

6

ANOMALOUS VERTEBRAL ARTERY AT THE
EXTRAOSSEOUS AND INTRAOSSEOUS REGIONS
OF THE CRANIOVERTEBRAL JUNCTION
DETECTED BY 3-D CT ANGIOGRAPHY:
ANALYSIS ON THE 100 CONSECUTIVE
OPERATIVE CASES

M Yamazaki, A Okawa, A Sakuma, H Takahashi, M Hashimoto,
M Koda, K Takahashi

Spine Section, Department of Orthopaedic Surgery, Chiba University
Graduate School of Medicine, Chiba, Japan

Objectives: To avoid intraoperative vertebral artery (VA) injury
during instrumentation surgery at the craniovertebral junction (CVJ),

we have preoperatively analyzed VA anomalies using 3-dimensional
CT angiography (3DCTA).
Methods: We analyzed 100 consecutive patients who underwent
instrumentation surgery since July 1998. Fifty-nine patients had atl-
anto-axial subluxation, and cervical fixation including C2 was
required in 41 patients. Among the 100 patients, 28 had congenital
skeletal anomaly (CSA) at the CVJ (CSA-positive cases) and the
other 72 had no CSA. Anomalous VAs at the extraosseous and
us regions were by 3DCTA.
Results: During operation, no neurovascular injury occurred. (1)
Anomaly of extraosseous VA: Abnormal courses of the VA at the
extraosseous region were detected in 11 cases (11.0%) out of the 100
cases: 2 had fe ion and 11 had persi first i
artery. In both anomalies, the VA entered the spinal canal at the
caudal side of the C1 posterior. Intraoperatively, we determined the
course of the abnormal branch of the VA using Doppler ultrasonog-
raphy, and carefully exposed the operative site. Interestingly, all 11
cases with had CSA at the CVJ. When we focused on the 28 CSA-
positive cases, 39.2% of them had such extraosseous VA anomalies.
(2) Anomaly of intraosseous VA: In 29 cases (29.0% of 100 cases),
the VA groove was located too medially, posteriorly, and cranially at
the C2 isthmus (high-riding VA). Fourteen cases out of the 29 cases
had CSA at the CV]J, indicating 50.0% of the 28 CSA-positive cases
had high-riding VA.
Conclusions: The present findings suggest that the frequency of
abnormal VA at the extraosseous and intraosseous regions is
increased when patients have CSA at the CVJ. With preoperative
3DCTA, we can precisely identify the anomalous VA, and reduce the
risk of intraoperative injury to the VA, in advance.

7

NEUROPROTECTIVE THERAPY USING
GRANULOCYTE COLONY-STIMULATING
FACTOR (G-CSF) FOR ACUTE SPINAL CORD
INJURY: PHASE I, IIA CLINICAL TRIAL

T Hiroshi, Y Masashi, O Akihiko, K Masao, H Masayuki,
H Mitsuhiro, H Koichi, K Kei, T Kazuhisa

Department of Orthopaedic Surgery, Graduate School of Medicine,
Chiba University, Chiba, Japan

Background: Granulocyte colony-stimulating factor (G-CSF) is a
19.6-kDa glycoprotein that is commonly used to treat neutropenia.
Several recent reports have indicated that G-CSF can be used as a
potential drug for neuronal injury including stroke. So we thought
G-CSF administration has ncuroprotecuve effects for acute SCI, and
d in the i d spinal cord in rodents. As a
result, we have reported the mechanism of G-CSF for acute SCI;
G-CSF mobilized bone marrow-derived cells into injured spinal cord,
and suppressed the neuronal apoptosis directly (Brain Res 1149:223,
2007, J Neuropathol Exp Neurol 66:724, 2007). Because of these
studies, we have started a Phase I and Ila clinical trial to assess the
safety and feasibility of neuroprotective therapy using G-CSF for
patients with acute SCL In this study, we investigated the progresses
of first 6 cases in acute SCI using G-CSF.
Materials and methods: Six patients with acute SCI were received
intravenous G-CSF injection [5 g/(kg day)] for 5 days. After injec-
tion, we had neurological evaluations with American Spinal Cord
Injury Association (ASIA) score, and confirmed side effects for
medication with physical findings and laboratory data. In all six
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patients, some gl Ipi was after
medication.

Results: In all six patients, some neurological improvement was
obtained after medication in ASIA score. And in two of six patients,
AIS was improved one step (B to C, and C to D). Mean white blood
cell (WBC) counts were 10.6 & 2.8 (103/1) previous the administra-
tion, on the other hand, 31.0+5.3 (103/1) on 1 days after
administration and that was si ly higher than p counts
(p <0.01). From 1 to 5days after the medication, during the
administration, WBC counts kept higher than previous counts
(p <0.01), and 1 days after the end of medication, WBC counts
returned to the previous rate. No severe adverse effects were seen in
all patients after G-CSF injection.

Di i In acute dial inf: and cerebral infarction,
clinical trials of G-CSF administration have been started and some
studies showed the effect of improvements of function. We first
started the neuroprotective therapy using G-CSF for acute spinal cord
injury. The aim of this study is to confirm the safety and feasibility of
G-CSF administration. After the confirmation, we will have the Phase
1Ib clinical trial that assesses the effect of G-CSF for acute SCI, and
want to prove the effect of it.

8

IMPROVED QUALITY OF LIFE, PAIN, AND
FUNCTION AFTER SPINAL FUSION IN CHRONIC
LOW BACK PAIN ARE NOT DEPENDENT ON
OPERATIVE TECHNIQUE

Y Robinson, B Sandén

Institute for Surgical Sciences, Uppsala University Hospital, Uppsala,
Sweden

Background: Despite being a widely accepted treatment for chronic
low back pain (LBP) the published long-term-results of spinal fusion
surgery with regard to different techniques are far from equivocal.
Patients and methods: A total number of 822 patients (461 female)
with chronic LBP were followed prospectively within the Swedish
National Spine Registry program after spinal fusion surgery. Func-
tional parameters as SF-36 subscores and Oswestry Disability Index
(ODI) were obtained preoperatively and after 2 years. Furthermore
VAS for leg and back pain was determined. Quality of life was
evaluated by EQ-5D.

Results: Sixty-four patients were operated with uninstrumented
fusion (UIF), 380 patients with instrumented posterolateral fusion
(PLF), and 378 patients with posterior or transforaminal lumbar
interbody fusion (PLIF). Average leg pain improved in VAS from 45
to 27, back pain improved in VAS from 63 to 34. SF-36 MCS (Mental
Component Score) improved from 33.7 to 39.0, SF36 Physical
Component Score (PCS) from 36.2 to 45.4. ODI improved from 45.6
to 28.1. EQSD improved from 0.33 to 0.61. A slightly greater
improvement of ODI was seen in the PLIF-group of about 3 points
compared to the PLF-group. No clinically relevant differences were
seen between the outcome of the subgroups.

Conclusion: The presented results are in line with the results known
from previously performed multicenter trials, that fusion surgery does
improve function, pain and quality of life of patients with chronic LBP.

@ Springer

ingly in the investigated patient cohort operative fusion tech-
nique does not seem to have a significant impact on patient outcome.

9

A LONG TERM CLINICAL EXPERIENCE WITH

THREE DIFFERENT NUCLEUS REPLACEMENT
DEVICES: LESSONS LEARNED AFTER 9 YEARS
FOLLOW UP

L Oliveira, L Marchi, E Coutinho, L Pimenta

Scientific Dept, Instituto de Patologia da Coluna, Sao paulo, Brazil

Introduction: The nucleus replacement devices have been developed
for treating moderate forms of degenerative disc disease, trying to fill
the gap between discectomy and fusion. The surgical goals are pain
relief, maintenance of the disc height and flexibility at the index and
adjacent levels.

Purpose: The purpose of the present abstract is to show our experi-
ence after 9 years using three different nucleus replacement
prostheses.

Study design/setting: Prospective, non randomized, single center
clinical study.

Patient sample: 125 patients with moderate forms of degenerative
disc disease were enrolled in this study.

O measures: Radiographic (AP, lateral and dynamic) and
clinical were d preoperatively, 1 week and 1, 3, 6,
9, and annually through 9 years postoperatively. The VAS and ODI
questionnaires were used to assess pain and functional outcomes.
Material and methods: 80 patients had PDN disc prosthesis, 26
patients with PNR (Trans1) and 19 patients using the NUBAC (Pio-
neer) device. The surgical techniques for each device were performed
following the prosthesis indications.

Results: After 9 years follow up, the global retrieval incidence was
48.8% (61/125). From these patients, 15 (57.7% of the specific
device) had PNR failures, 8 (42.1% of the specific device) experi-
enced NUBAC retrievals and 38 (47.5% of the specific device) had
PDN flaws. The failures included significant loosening of the disc
height at the operated level, displacement, silicon inside de canal and
migration. All patients underwent fusion as a retrieval surgery.
Conclusion: The retrieval rate in our series is very high. It shows that
the end-plate reaction in a long period of time happens, resulting in
important subsidence and mechanic back pain. The device expulsion
was another cause of pain and second surgery, as shown in the
literature.

10

A FULL ECONOMIC EVALUATION OF DISC
PROSTHESIS VS. LUMBAR FUSION IN PATIENTS
WITH CHRONIC LOW BACK PAIN: A
RANDOMIZED CONTROLLED TRIAL WITH
2-YEAR FOLLOW UP

P Fritzell, S Berg, T Tullberg, F Borgstrém, H Tropp
Orthopaedic, Falun hospital, Falun, Sweden

Background: Patients with chronic low back pain may in selected
cases be treated with surgery. The gold standard today is lumbar
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C5 PALSY FOLLOWING ANTERIOR
DECOMPRESSION AND SPINAL FUSION
FOR CERVICAL DEGENERATIVE DISEASES

M Hashimoto, M Mochizuki, A Aiba, A Okawa, K Hayashi,
T Sakuma, H Takahashi, M Koda, K Takahashi, M Yamazaki

Orthopaedic Surgery, Chiba University, Chiba, Japan

Backgrounds: Postoperative C5 palsy is a common complication
after cervical spine decompression surgery. However, the incidence,
prognosis, and etiology of C5 palsy after anterior decompression
with spinal fusion (ASF) have not yet been fully established.
Purpose: The purpose of the present study was to analyze the clinical
and radiological characteristics of patients who developed C5 palsy
after ASF for cervical degenerative diseases, and to discuss the
mechanism of development of this disorder.

Study design: Clinical case series.

Patient sample: Between 1996 and 2004, a total of 199 consecutive
patients who underwent ASF were analyzed to clarify the incidence of
postoperative C5 palsy.

Outcome measures and methods: We defined C5 palsy as when
patients showed a deterioration in muscle power of the deltoid or
biceps by at least 1 grade in the manual muscle test (MMT)
without aggravation of lower extremity function. The Japanese
Orthopaedic Association (JOA) score was used to evaluate the
severity of myelopathy. We evaluated the onset and prognosis of
C5 palsy. The presence of high signal changes (HSCs) in the
spinal cord was analyzed using T2-weighted magnetic resonance
images.

Results: C5 palsy occurred in 17 patients (8.5%), and in 15 of
them, the palsy developed after ASF of 3 or more levels. Among
10 patients who had a manual muscle test (MMT) grade 2 at the
onset, 5 patients showed incomplete or no recovery. Sixteen of the
17 CS5 palsy patients presented neck and shoulder pain prior to the
onset of muscle weakness. All of the 17 patients showed a
recovery from their myelopathy. Their extent of recovery ranged
from 27.6% to 100% (average 71.2%). In the 10 patients with a
MMT grade 2 at the onset, 9 patients showed HSCs at the C3-C4
and C4-C5 levels.

Discussion: The present findings demonstrate that, in most patients
with severe C5 palsy after ASF, pre-existing asymptomatic damage of
the anterior horn cells at C3-C4 and C4-CS5 levels may participate in
the of motor k in bination with the nerve
root lesions that occur subsequent to ASF.

Conclusion: When patients with spinal cord lesions at C3-C4 and
C4-C5 levels undergo multilevel ASF, we should be alert to the
possible occurrence of postoperative C5 palsy.

@ Springer
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METASTASES TO THE SPINE EVALUATION
OF POSTERIOR VERSUS ANTERO-POSTERIOR
TREATMENT WITH REGARD TO FRANKEL-
SCORE

C Weger, A Frings, R Radl, A Leithner, M Zacherl, W Windhager

Department of Orthopaedic Surgery, Medical University of Graz,
Graz, Austria

Purpose: The spine is the most common site of bone metastases.
Approximately 20,000 patients per year require treatment of symp-
toms related to spinal cord compression. Restoring stability and
securing of neurological structures is the goal of surgery in these
cases. Although exact statistics are not available, it is estimated that
spinal metastases will eventually develop in approximately 40% of all
patients who have cancer. Thus, further data has to be acquired and
analyzed to provide a basis for deciding the course of treatment. The
purpose of the present study was to evaluate which operation tech-
nique (posterior vs. antero-posterior) most reliably restored
neurological integrity.

Methods: Between February 1998 and April 2009 101 patients (62
male, 39 female) with a mean age at operation of 63 years (median
63, range 27-87 years) were treated for metastases to the spine. The
most frequent site of metastasis was the thoracic spine (60 cases),
followed by the lumbar (23) and cervical spine (16). Given that
indications for surgery are based on dislocation and neurological
symptoms, we want to compare changes in Frankel-Score and indi-
vidual survival rates to demonstrate differences after posterior vs.
anterior-posterior stabilization.

Results: Forty-three patients were still alive as of February 2010 with
a maximum follow-up of 7.8 years. All other patients died after a
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NEUROPROTECTIVE THERAPY USING
GRANULOCYTE-COLONY STIMULATING
FACTOR FOR PATIENTS WITH RAPIDLY
AGGRAVATING COMPRESSION MYELOPATHY:
PHASE I AND IIA CLINICAL TRIAL

S Tsuyoshi, T Hiroshi, H Koichi, H Masayuki, H Mitsuhiro, K Masao,
O Akihiko, Y Masashi

Orthopaedic Surgery, Graduate School of Medicine, Chiba
University, Chiba, Japan

Background: Rapidly agg ing compressive myelopathy results in
severe neurological deficit, and its functional recovery is quite poor
due to limited axonal regeneration. To date, there has been no
effective therapy except for early surgical treatment. In previous
reports, we have shown that granulocyte-colony stimulating factor
(G-CSF), one of hematopoietic growth factors, has neuroprotective
effects on experimental spinal cord injury (SCI) [Brain Res 1149:
223-231, 2007, J Neuropathol Exp Neurol 66: 724-731, 2007]. Based
on the results, we have started a phase I and Ila clinical trial that
evaluates the safety of neuroprotective therapy using G-CSF for
patients with rapidly aggravating compression myelopathy.
Purpose: In the present study, we evaluate the results of the first stage
cases of the G-CSF clinical trial.
Study design: Clinical case series
Patlent sample: The trial was performed in five patients, in whom the
Orth dic Association (JOA) score for cervical myelop-
athy decreased 2 points or more during a recent 1-month period.
Outcome measures: We evaluated the presence of diverse events that
related to the G-CSF therapy. We also evaluated motor and sensory
functions of the patients.
Methods: After obtaining informed consent from the patients, G-
CSF (5 pg/kg/day) was intravenously administrated for five con-
secutive days. We evaluated the patients’ American Spinal Injury
Association (ASIA) score, ASIA impairment scale, and JOA
score. In addition, we performed blood and urinary test of the
patients.
Results: All five patients enrolled in this s(udy exhlbnted myelopathy
caused by ossi ion of posterior i of the spine.
In all of the five patients, neurological improvement of both motor
and sensory functions was obtained, though the degree of the
imp; differed dep g on the patient. On the day following
the start of G-CSF therapy, white blood cell (WBC) count increased
more than 15,200. It was maintained from 15,200 to 43,200 during the
administration, and returned to preadministration levels by the third
day after the final administration. No adverse event occurred during or
after the administration.
Discussion and conclusion: In the present clinical trial, no serious
side effect occurred, indicating that this low-dose G-CSF adminis-
tration is principally safe. In addition, a certain neurological recovery
was obtained in all the patients even after the low-dose administra-

P61

EFFECT OF MULTILEVEL LUMBAR DISC
ARTHROPLASTY ON SPINE KINEMATICS
AND FACET JOINT LOADS IN FLEXION AND
EXTENSION: A FINITE ELEMENT ANALYSIS

H Schmidt, F Galbusera, A Rohlmann, T Zander, H] Wilke

Institute of Orth dic R h and Bi t
of Ulm, Ulm, Germany

University

Total disc arthroplasty (TDA) has been successfully used for mono-
segmental treatment in the last few years. However, multi-level TDA
led to controversial clinical results. We hypothesize that: (1) the more
artificial discs are implanted, the stronger the increases in spinal
mobility and facet joint forces in flexion and extension; (2) deviations
from the optimal implant position lead to strong instabilities.

A three-dimensional finite element model of the intact L1-L5
human lumbar spine was created. Additionally, models of the L1-L5
region implanted with multiple Charité discs ranging from two to
four-levels were created. The models took into account possible
misalignments in the antero-posterior direction of the artificial discs.
All these models were exposed to an axial compression preload of
500 N and pure moments of 7.5 Nm in flexion and extension.

For central implant positions and the loading case extension, a
motion increase of 51% for two implants up to 91% for four implants
and a facet force increase of 24% for two implants up to 38% for four
implants compared to the intact spine were calculated. In flexion, a
motion decrease of 5% for two implants up to 8% for four implants
was predicted. Posteriorly placed implants led to a better represen-
tation of the intact spine motion. However, lift-off phenomena
between the core and the implant endplates were observed in some
extension simulations in which the artificial discs were anteriorly or
posteriorly implanted.

The more artificial discs are implanted, the stronger the motion
increase in flexion and extension was predicted with respect to the
intact condition. Deviations from the optimal implant position lead to
unfavorable kinematics, to high facet joint forces and even to lift-off
ph Therefore, ltilevel TDA should, if at all, only be
performed in appropriate patients with good muscular conditions and
by surgeons that can ensure optimal implant positions.

P62

A NEW IN VITRO BIOMECHANICAL TEST
SYSTEM TO EVALUATE ADJACENT LEVEL
EFFECTS OF THE LUMBAR SPINE

M Schulze, D Deemann, R Hartensuer, L Loehrer, MJ Raschke,
U Hoelscher, T Vordemvenne

D« of Trauma-, Hand- and Reconstructive Surgery,

tion, suggesting that G-CSF is an attractive candidate for th, ic
drug for damaged spinal cord. Further clinical trials with hxgh -dose
administration of G-CSF (10 g/kg/day) will be required to establish
the G-CSF therapy for patients with rapidly aggravating compression
myelopathy.

@ Springer

University Hospital Muenster, Muenster, Germany

The in vitro testing of new surgical reconstruction or stabilization
methods provides essential findings for clinical use on biomechanics
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Saturday, December 4, 2010, 8:17—8:23 am CSRS-2010
Paper #56

Neuroprotective Therapy using Granulocyte Colony-Stimulating Factor (G-CSF) for
Acute Spinal Cord Injury: A Phase I and IIa Clinical Trial

Hiroshi Takahashi, MD, Chiba, Japan (n) Nothing;
Masashi Yamazaki, MD, PhD, Chiba, Japan (n) Nothing;
Akihiko Okawa, MD, PhD, Chiba, Japan (n) Nothing;
Masao Koda, MD, PhD, Chiba, Japan (n) Nothing;
Masayuki Hashimoto, MD, PhD, Chiba, Japan (n) Nothing;
Mitsuhiro Hashimoto, MD, Chiba, Japan (n) Nothing;
Tsuyoshi Sakuma, MD, Chiba, Japan (n) Nothing;

Kei Kato, MD, Chiba, Japan (n) Nothing;

Kazuhisa Takahashi, MD, PhD, Chiba, Japan (n) Nothing

Introduction: Granulocyte colony-stimulating factor (G-CSF) is a 19.6 kDa glycoprotein and an
important cytokine that is commonly used to treat neutropenia. Several reports have indicated that
G-CSF also has non-hematopoietic functions and could potentially be used as a drug for neuronal
injury, including stroke and neurodegenerative disease. Thus, we hypothesized that administration
of G-CSF might have neuroprotective effects for acute spinal cord injury (SCI), and examined its
effect using compression-induced spinal cord injury models in rodents. We previously reported that
G-CSF mobilized bone marrow-derived cells into the injured spinal cord, and directly suppressed
neuronal apoptosis (Brain Res 1149:223, 2007, J Neuropathol Exp Neurol 66:724, 2007). Based
on those results, we have started a phase I and I1a clinical trial to assess the safety and feasibility
of neuroprotective therapy using G-CSF for patients with acute SCL. The aim of the present study
was to confirm the safety and feasibility of G-CSF administration for acute SCL

Methods: The trial was performed in a total of 17 SCI patients within 48 hours of onset. Informed
consent was obtained from all patients. In the first step, G-CSF (5 pg/kg/day) was intravenously
administered for five consecutive days to five patients (5 pg group). In the second step, G-CSF (10
ng/kg/day) was similarly administered to 12 patients (10 pg group). We evaluated the presence of
adverse events related to the G-CSF therapy. We also evaluated motor and sensory functions of the
patients using American Spinal Cord Injury Association (ASIA) score and ASIA impairment
scale (AIS).

Results: In all 17 patients, neurological improvement was obtained after G-CSF administration.
AIS increased one step in 8 of 17 patients. A significant increase of ASIA motor score was detected
one day after the injection (p<0.01), and both light touch and pin prick scores improved three days
after the injection (p<0.05). Mean white blood cell (WBC) counts rose to 28.6 + 3.2 (x10*/pL) in
the 5 pg group and 25.9 + 6.1 in x 10 pg group one day following the start of G-CSF therapy.
During the administration, WBC counts remained at higher levels than those observed before
administration (p<0.01). Three days after the final administration, WBC counts returned to the
pre-administration levels. No adverse effects were seen after G-CSF injection.

Conclusion: We have initiated a clinical trial of neuroprotective therapy using G-CSF for acute
SCL. The results indicate that low to moderate doses of G-CSF are essentially safe and a degree
of neurological recovery was obtained in all patients. We suggest that G-CSF could be a
therapeutic drug for injured spinal cord.

See Disclosure Index pages 40-79/or legend on inside back cover.
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Paper #63
CS5 Palsy Following Anterior Decompression and Spinal Fusion for Cervical Myelopathy

Mitsuhiro Hashimoto, MD, Chiba, Japan (n) Nothing;
Macondo Mochizuki, MD, Numazu, Japan (n) Nothing;
Atsuomi Aiba, MD, Numazu, Japan (n) Nothing;

Akihiko Okawa, MD, PhD, Chiba, Japan (n) Nothing;
Hiroshi Takahashi, MD, Chiba, Japan (n) Nothing;
Tsuyoshi Sakuma, MD, Chiba, Japan (n) Nothing;

Kei Kato, MD, Chiba, Japan (n) Nothing;

Kazuhisa Takahashi, MD, PhD, Chiba, Japan (n) Nothing;
Masashi Yamazaki, MD, PhD, Chiba, Japan (n) Nothing

Introduction: Postoperative C5 palsy is a common complication after cervical spine
decompression surgery. Previous reports have indicated that C5 palsy occurs not only after posterior
cervical decompression surgery, such as laminoplasty, but also after anterior surgery. However,
the incidence, prognosis, and etiology of C5 palsy after anterior decompression with spinal fusion
(ASF) have not yet been fully established.

Purpose: The purpose of the present study was to investigate the clinical and radiological
characteristics of patients who developed C5 palsy after ASF for cervical degenerative diseases,
and discuss the mechanism of development of this disorder.

Methods: Between 1996 and 2004, a total of 199 consecutive patients who underwent ASF was
analyzed to elucidate the incidence of postoperative C5 palsy. We defined C5 palsy as when patients
showed a deterioration in muscle power of the deltoid or biceps brachii by at least 1 grade in the
manual muscle test (MMT) without aggravation of lower extremity function. The Japanese
Orthopaedic Association (JOA) score was used to evaluate the severity of myelopathy. We
evaluated the onset and prognosis of C5 palsy. The presence of high signal changes (HSCs) in the
spinal cord was analyzed using T2-weighted magnetic resonance images.

Results: C5 palsy occurred in 17 patients (8.5%), and in 15 of them, the palsy developed after ASF
of 3 or more levels. In cervical spondylotic myelopathy cases, 9 of 113 patients (7.9%) developed
CS5 palsy. Similarly 6 of 62 (9.7%) ossification of posterior longitudinal ligament patients and 2 of
16 (12.5%) cervical spondylotic amyotrophy patients developed C5 palsy. No patients with cervical
spondylotic radiculopathy and disc herniation developed C5 palsy. All of the 17 C5 palsy patients
showed a recovery from their myelopathy. Their recovery rate of JOA score ranged from 27.6%
to 100% (average: 71.2%). Sixteen of the 17 C5 palsy patients had radiating neck and shoulder pain
prior to the onset of muscle weakness. Pain was recognized 1-7 days (average 3.6 days) after
surgery. Muscle weakness developed 2-23 days (average 7.2 days) after surgery. Twelve patients
completely recovered from their C5 palsy.

See Disclosure Index pages 40-79/or legend on inside back cover.
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Saturday, December 4, 2010, 9:18 —9:24 am CSRS-2010
Paper #63 (cont.)

However, the recovery was incomplete in 3 patients, and 2 patients with OPLL showed no recovery.
All 7 patients who had an MMT grade 23 at the onset of their C5 palsy showed full recovery.
Among the 10 patients who had a manual muscle test (MMT) gradeS2 at the onset, 5 patients
showed incomplete or no recovery, and 9 patients showed HSCs at the C3 —C4 and C4—CS5 levels
on T2 weighted MR images.

Discussion: The present findings demonstrate that, in most patients with severe C5 palsy after ASF,
pre-existing asymptomatic damage of the anterior horn cells at C3—-C4 and C4—CS5 levels may
participate in the development of motor weakness in combination with the nerve root lesions that
occur subsequent to ASF.

Conclusion: When patients with spinal cord lesions at C3—C4 and C4—CS5 levels undergo
multilevel ASF, we should be alert to the possible occurrence of postoperative C5 palsy.

 The FDA has not cleared this drug and/ or medical device for the use described in this presentation (i.e., the drug or medical device is being
discussed for an “off fabel” use). See inside back cover for full information.
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Neuroprotective Therapy using Granulocyte-Colony Stimulating Factor for Rapidly
Aggravating Compression Myelopathy: A Phase I and Ila Clinical Trial

Tsuyoshi Sakuma, MD, Chiba, Japan (n) Nothing;
Masashi Yamazaki, MD, Chiba, Japan (n) Nothing;
Masao Koda, MD, PhD, Chiba, Japan (n) Nothing;
Kei Kato, MD, Chiba, Japan (n) Nothing;

Hiroshi Takahashi, MD, Chiba, Japan (n) Nothing;
Mitsuhiro Hashimoto, MD, Chiba, Japan (n) Nothing;
Akihiko Okawa, MD, PhD, Chiba, Japan (n) Nothing

Introduction: We have undertaken a Phase I and Ila clinical trial that evaluates the safety of
neuroprotective therapy using granulocyte-colony stimulating factor (G-CSF) for patients with
rapidly aggravating compression myelopathy.

Methods: At the first stage of this trial, we confirmed the safety of administering G-CSF at
5 ug/kg/day. In the present study, the second stage of this trial, we investigated the administration
of G-CSF at 10 pg/kg/day. The trial was performed in twelve patients in whom the Japanese
Orthopaedic Association score for cervical myelopathy decreased two points or more during a
recent one month period. After obtaining informed consent from the patients, G-CSF
(10 pg/kg/day) was intravenously administered for five consecutive days. We evaluated the
presence of adverse events related to G-CSF therapy. We also evaluated motor and sensory
functions of the patients.

Conclusion: In all twelve patients, neurological improvement of both motor and sensory
functions was obtained, though the degree of the improvement differed among the patients. The
mean American Spinal Injury Association score before G-CSF administration was 91 points for
motor function, 92 for soft touch and 88 for pin prick. One month after completing
administration, the mean score improved to 98 points for motor function, 99 for soft touch and
100 for pin prick. On the day following the start of G-CSF therapy, the mean white blood cell
count increased to more than 22.7 x 10°/uL. It stabilized between 22.7 and 47.3 x 10%/uL during
administration, and returned to preadministration levels by the third day after the final
administration. No adverse event occurred during or after the administration.

See Disclosure Index pages 40—79/or legend on inside back cover.

263

- 373 -



Poster #42 IMAGING AND DIAGNOSTICS CSRS-2010
e Quantitative Assessment of Cervical Myelopathy by a Hand Function Test

Fumitake Nakajima, MD, Ichihara Japan (n) Nothing;
Yoshikazu Ikeda, MD, Ichihara Japan (n) Nothing;
Masatsune Yamagata, MD, Ichihara, Japan (n) Nothing;
Masashi Yamazaki, MD, Chiba, Japan (n) Nothing

Introduction: Clumsy hand is one of the common symptoms in cervical myelopathy. The
purposes of this study are to examine postoperative recovery of upper extremity function after
laminoplasty by determining clumsiness using a simple test for evaluating hand functions (STEF)
and to show which patients attain high STEF scores after surgery.

Methods: A total of 104 patients who underwent laminoplasty were examined in this study. The
hand function test (STEF) was performed according to Kaneko and Muraki’s previously
published method (Figure 1). The STEF score is the sum of 10 subtest scores. Before surgery,
all patients were tested and received a STEF score (before), JOA scoring systems especially for
upper extremity motor function (JOA (u/m)), grip and release (10-second test), deltoid muscle
weakness (estimated manual muscle test), and grasping power. The STEF was administered 1
week (STEF (1w)), 3 months (STEF (3m)) and 6 months after surgery (STEF (f/u)) repeatedly.
Patient history of traumatic tetra paresis (trauma) and diabetes mellitus (DM) was confirmed.
Differences between STEF (before), STEF (1w), STEF (3m) and STEF (f/u) were tested with
the Friedman repeated measures analysis of variance on ranks. Multiple linear regression was
performed to explore the determinants of post-operative recovery. Plausible predictors (age,
trauma, DM, JOA (w/m), 10-second test, grasping power, and STEF (before)) were included in
the original model. Best subset regression was performed and the final regression model was
selected according to Akaike’s Information Criterion.

Results: STEF (f/u) improved significantly after surgery (Figure 2). All the odds ratios (ORs)
are presented with 95% confidence intervals (CIs). The final linear regression model included
age (P =0.03), STEF (before) (P < 0.01), trauma (P = 0.02), DM (P = 0.04), 10-second test (P
< 0.01), and JOA (wm) (P = 0.04) as significant variables influencing STEF (f/u). Compared
with patients with no history of trauma, the OR for those who had a history of trauma was 0.01
(95% CI, 0.84x10-0.43). Also, compared with patients with no history of DM, the OR for those
who had that history was 0.04 (95% CI, 0.18x10-0.89).

© The FDA has rndauadmlsttuus:dlormdlmldwmmmlmdmibsd in this presentation (1.e., the drug or medical device is being
discussed for an “off label” use). See inside back cover for full information.
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Poster #42 (cont.) IMAGING AND DIAGNOSTICS CSRS-2010

Conclusion: STEF scores in most myelopathy patients improved after surgery. However, some
patients’ scores did not improve. This finding indicates that irreversible damage of the spinal cord
before decompression surgery might affect the recovery process. STEF is a useful tool for
monitoring upper extremity function in cervical myelopathy. A history of trauma and DM in
myelopathy patients may greatly influence their recovery after surgery. This study provides an
improved understanding of the recovery from myelopathy after decompression surgery.
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Figure 1. Simple Test for Evaluating Hand Function (STEF). The battery consists of
10 subtests, and 10 points (1 to 10) are awarded for each subtest. The left and right hands
were evaluated separately.
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Figure 2. Time course of STEF score after surgery
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Anomalous Vertebral Artery at the Extraosseous and Intraosseous Regions of the
Craniovertebral Junction Detected by 3-D CT Angiography: Analysis on the 100
Consecutive Operative Cases

Masashi Yamazaki, MD, Chiba, Japan (n) Nothing;
Akihiko Okawa, MD, Chiba, Japan (n) Nothing;
Mitsuhiro Hashimoto, MD, Chiba, Japan (n) Nothing;
Tsuyoshi Sakuma, MD, Chiba, Japan (n) Nothing;
Hiroshi Takahashi, MD, Chiba, Japan (n) Nothing;
Kei Kato, MD, Chiba, Japan (n) Nothing;

Kazuhisa Takahashi, MD, Chiba, Japan (n) Nothing

Objectives: To avoid intraoperative vertebral artery (VA) injury during instrumentation surgery
at the craniovertebral junction (CVJ), we have preoperatively analyzed VA anomalies using 3-
dimensional CT angiography (3DCTA).

Methods: We analyzed 100 consecutive patients who underwent instrumentation surgery since
July 1998 through January 2009. Fifty-nine patients had atlanto-axial subluxation, and cervical
fixation including C2 was required in 41 patients. Among the 100 patients, 28 had congenital
skeletal anomaly (CSA) at the CVJ (CSA-positive cases) and the other 72 had no CSA (CSA-
negative cases). Anomalous VAs at the extraosseous and intraosseous regions were evaluated by
3DCTA. Fisher exact probability test was applied for statistical analysis between CSA-positive
and CSA-negative cases.

Results: During surgery, no neurovascular injury occurred. (1) Anomalous VA at extraosseous
region: Abnormal courses of the VA at the extraosseous region were detected in 11 cases (11.0%)
out of the 100 cases: 2 had fenestration and 9 had persistent first intersegmental artery. In both
anomalies, the VA entered the spinal canal at the caudal side of the C1 posterior. Intraoperatively,
we determined the course of the abnormal branch of the VA using Doppler ultrasonography, and
carefully exposed the operative site. Interestingly, all 11 cases with had CSA at the CVJ. When
we focused on the 28 CSA-positive cases, 39.2% of them had such extraosseous VA anomalies
(p<0.01). (2) High-riding VA: In 29 cases (29.0%), VA groove was located too medially,
posteriorly, and cranially at the C2 isthmus. Fourteen cases out of the 29 cases had CSA at the
CV]J, indicating 50.0% of the 28 CSA-positive cases had high-riding VA (p<0.01). (3) Side-to-
side asymmetry: In 26 cases (26.0%), lumen diameter of VA on one side was more than twice
than that of the other side. Eight cases out of the 26 cases had CSA at the CVJ, indicating 28.6%
of the 28 CSA-positive cases had high-riding VA (p=0.79). (4) Cases in whom screw placement
was scheduled: Before surgery, the placement of C1-2 transarticular screw in 39 cases (78
sides). After the 3DCTA analysis, however, we decided not to insert the screw in 14 cases (18
sides); 23.1% of the planned screws were not inserted. Similarly, the placement of C2 pedicle
screw was scheduled in 58 cases (116 sides). At surgery, however, the screw was not inserted in
19 cases (27 sides); 23.3% of the planned screws were not inserted.

See Disclosure Index pages 40-79/or legend on inside back cover.
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Conclusions: The present findings suggest that the frequency of abnormal VA at the
extraosseous and intraosseous regions, i.e., persistent first intersegmental artery, fenestration
and high-riding VA, is increased when patients have CSA at the CVJ. With preoperative 3DCTA,
we can precisely identify the anomalous VA, and reduce the risk of intraoperative injury to the
VA, in advance.

© The FDA has not cleared this drug and/ or medical device for the use described in this presentation (i.e., the drug or medical device is being
discussed for an “off label" use). See inside back cover for full information.
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