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Materials and Methods

The subjects were 99 patients with SCI in whom CSF samples were col-
lected within 30 days after SCI (SCI group, Frankel A: 22, B: 11, C: 32, D:
34 cases). The SCI group ranged from 157y85 years with an average follow-
up period of 10 months. There were 13 cases for conservative treatment and
86 cases for surgical intervention (Anterior spinal decompression and fusion:
15, cervical laminoplasty: 42, posterior fusion: 27, anterior and posterior fusion:
3 cases). Intravenous methylprednisolone was administered in 49 cases ac-
cording to the protocol based on the second National Acute Spinal Cord
Injury Study (INASCIS a!).® The control group comprised of 5 healthy vol-
unteers and 35 patients with inguinal herniation (n= 11), or who were under-
going removal of metal instrumentation following a fracture in the lower
extremity (n = 24) (CON group). Outcome measures: 1) time-course of the
NOx levels in 7 cases with NOx measurements more than three times at acute
(0-4 days), subacute (5-14 days) and chronic phase (over 15 days). 2) Com-
parison in the NOx levels in all cases among three groups with acute, suba-
cute and chronic phase when CSF were collected after SCI. 3) Correlation
between the NOx levels and the neurologic recovery rate using ASIA motor
recovery percentage (MRP) © at subacute phase. The data were expressed as
the mean = SE. One-way ANOVA was used to compare the means of three
groups. Correlations were assessed by Spearman’s ranked correlation coeffi-
cient.

Results

1) The NOx levels tended to be high'from 5 to 14 days, although there was
no significant difference in the NOx levels among acute, subacute and chronic
phase. 2) The NOx levels (7.2 £ 1.0 uM) at subacute phase were higher than
those in control (5.0 = 0.3 uM) and at acute phase (4.8 = 0.4 uM). 3) There
was a negative correlation (r= -0.56, p<0.05) between the MRP and the NOx
levels only at subacute phase (n=20, figure 1).

Conclusions

Based on the analysis of 1461 SCI cases, the Frankel classification at the
acute phase is predictive of neurologic prognosis because 3.0 % of cases with
Frankel A, 31.3 % of cases with Frankel B, and 70.7 % of cases with Frankel
C recovered to at least a Frankel D at 1-year follow-up.” Seldon and co-
workers demonstrated that the spreading and lengthening of intramedullary
T2 signal intensity in the spinal cord on magnetic resonance images are pre-
dictors of neurologic prognosis.® To our knowledge, however, there are no
quantitative predictors for neurologic recovery in SCI at the subacute phase.
In the present study, the CSF NOx levels at subacute phase are quantitatively
correlated with neurologic recovery rate. This indicates that NOx levels would
be novel quantitative predictors for neurologic prognosis in SCI.
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Abstract The aging population and an increasing number
of hip fractures worldwide have made prevention of hip
fractures a matter of importance. The prevalence of hypo-
vitaminosis D in patients with acute hip-fracture has been
reported widely in recent years, and the vitamin D nutri-
tional status in such reports is usually evaluated based on
serum 25-hydroxyvitamin D (25-OHD). The aim of this
article is to review the relationship of serum 25-OHD and
osteoporotic fracture and the prevalence of 25-OHD insuf-
ficiency in patients with hip fracture, including assessment
of nutritional status, oral status, activity, and dementia. We
conclude that the serum 25-OHD level may be a useful in-
dex for risk of hip fracture in elderly people.

Key words 25-hydroxyvitamin D - intact PTH - hip
fracture - number of remaining teeth - activity - dementia

25-0HD insufficiency and hip fracture

The number of cases of hip fracture has been increasing
with the aging of socicties worldwide, and methods for pre-
vention of hip fracture are therefore of value. Vitamin D is
an important nutrient for bone health and is a regulator of
calcium metabolism. Vitamin D nutritional status is evalu-

M. Sakuma (<) - N. Endo

Division of Rehabilitation Medicine, Department of Community
Preventive Medicine, Niigata University Graduate School of Medical
and Dental Sciences, 1-757 Asahimachi don, Niigata 951-8510, Japan
Tel. +81-25-227-2272; Fax +81-25-227-0782

e-mail: maysakuma@yahoo.co.jp

N. Endo

Division of Orthopedic Surgery, Department of Regenerative and
Transplant Medicine, Niigata University Graduate School of Medical
and Dental Sciences, Niigata, Japan

T. Oinuma
Department of Orthopedic Surgery, Sado General Hospital, Sado,
Japan

*M. Sakuma is a recipient of JSBMR Encouragement Award 2005

ated by measuring serum 25-hydroxyvitamin D (25-OHD),
and 25-OHD insufficiency may occur in elderly people
because of malnutrition, dementia, and inactivity leading to
decreased exposure to sunlight. Serum 25-OHD insufficien-
cy leads to an increase in parathyroid hormone (PTH) lev-
els (secondary hyperparathyroidism), resulting in bone loss
[1] and leading to hip fracture and decreased activities of
daily living (ADL) or quality of life (QOL). Subclinical 25-
OHD insufficiency is also considered to be a risk factor for
osteoporotic hip fracture in elderly people [2—4] (Fig. 1).
Hollis [5] reported that the normal range of 25-OHD is
32-100ng/ml, and other studies performed in the United
States and Australia [6,7] have shown that a serum 25-OHD
level of at least 15-20ng/ml is needed to achieve optimum
PTH levels. Therefore, we defined a 25-OHD level of less
than 20ng/m] as vitamin D insufficiency (Fig. 2); we note
that vitamin D deficiency defined as a 25-OHD of less than
5ng/ml causes osteomalacia/rickets [8,9].

Serum 25-0OHD status in hip fracture patients:
the Sado study

In the United States, a serum 25-OHD level lower than
12ng/ml was observed in 50% of women with osteoporotic
hip fractures [4], and in Italy this value was found to be
13.5%, with 21.6% of patients having a serum 25-OHD
level less than 20ng/ml [3]. We compared the serum 25-
OHD level in hip fracture patients with that in non-hip
fracture control subjects over 1 year in the elderly popula-
tion on Sado Island, Niigata, Japan (total population,
70011; 34% were 65 years old and older); these data showed
that the serum 25-OHD level was significantly lower in the
hip fracture patients [10]. In addition to checking the 25-
OHD levels and determining other laboratory data, we
collected serum and urine samples at admission and also
examined changes in the levels of serum 25-OHD in acute
hip fracture patients at another general hospital in Niigata
City [11]. Although the sample size was small {n = 12), se-
rum 25-OHD did not show large changes (less than 10%)
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during hip fracture healing, in comparison with the levels
of other biochemical markers.

In the Sado study, 62% of 50 hip fracture patients had
vitamin D insufficiency, which was defined as a serum 25-
OHD concentration less than 20ng/mi (Fig. 3). The average
serum 25-OHD concentration was 17.8 ng/ml in hip-fracture
patients and 25.8 ng/ml in non-hip fracture controls [10]; the
mean for the patient population was lower than the recent
mean value of 20.9ng/ml reported for nonosteoporotic
Japanese women more than 70 years of age [12]. In an age-
matched comparative analysis, serum 25-OHD (means of

Osteoporosis
Serum 25-OHD ——>> Bone loss(BMD JJ) ——> ADL
insufficiency Fracture risk QOL
Hip fracture

low albumin T\

sunlight
Gt >

teeth loss

. f aging
@ dementia

Fig. 1. Schema for the risk of fracture resulting from 25-hydroxyvita-
min D (25-OHD) insufficiency and related factors. BMD, bone mineral
density; ADL, activities of daily living; QOL, quality of life

/

<20ng/mL
osteoporosis (osteopenia, fragile bone)
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rickets, osteomalacia
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Fig. 2. 25-OHD insufficiency and deficiency

Fig. 3. Percentages of patients
with 25-OHD insufficiency and
elevated parathyroid hormone
(PTH). In patients with hip frac-
ture, 62.0% (31 of 50) had serum
25-OHD levels <20ng/ml (a). In
non-hip fracture controls, 18.9%
(10 of 53) had serum 25-OHD
levels <20ng/ml (b). In hip frac-
ture patients with low 25-OHD,
19.4% (6 of 31) had elevated
PTH levels (>65 pg/ml) (c). (From

(9D

a) patients with hip fracture

25-OHD<20ng/mL
62.0%

U

¢) 25-OHD insufficiency for a)

normal PTH level
80.6%

16.6ng/ml and 22.0ng/ml in hip fracture patients and con-
trols, respectively) and albumin (3.6g/1 and 4.0g/1, respec-
tively) were significantly lower and intact PTH (45.8 pg/ml
and 35.8pg/ml, respectively) was significantly higher in
the hip fracture patients [10]. In addition, the serum PTH
level was not elevated (<65pg/ml) in about 80% of hip
fracture patients with 25-OHD insufficiency (see Fig. 3).
Chapuy et al. [13] have reported that low serum 25-OHD
does not always lead to an increase in serum PTH, and Sa-
hota et al. [14,15] suggested that a slight reduction in serum
calcium and a substantial decrease in 1,25-(OH),D may be
partly related to the failure of the parathyroid gland to
mount an adequate PTH response; however, the mecha-
nisms underlying the PTH response remain unclear, and the
cutoff for definition of an elevated PTH level requires
further examination. A better understanding of the mecha-
nism of serum 25-OHD and intact PTH and their relation-
ship to bone metabolism is important for prevention of
osteoporotic fractures and development of individualized
treatment.

Regarding the relationship of serum 25-OHD and the
number of remaining teeth, for which the average is 6.3 in
hip fracture patients and 8.9 in controls, there was no sig-
nificant difference between the hip fracture group and the
control group. However, a significant negative correlation
between age and number of teeth was found (a = -0.45, P
< —0.01) [10] and a significant correlation between 25-OHD
and number of teeth (o =0.20, P < 0.05) was also observed.
It appears likely that the number of remaining teeth is
mainly influenced by age; however, Krall et al. [16] have
suggested that intake levels of calcium and vitamin D have
a beneficial effect on tooth retention, which suggests a mu-
tually beneficial relationship between the status of the oral
cavity and nutritional status.

We also examined the relationship of the severity of
dementia and physical activity level with serum 25-OHD in
hip fracture patients, using a classification based on the cri-
teria of the long-term care insurance system developed by
the Ministry of Health, Labor and Welfare of Japan [17,18].
The mean 25-OHD level was highest, at more than 20ng/ml,

b) non-hip-fracture controls

25-OHD<20ng/mL 1 8.9%
25-OHD=20ng/mL

38.0%

25-OHD Z 20ng/mL
81.1%

elevated PTH level v
19.4%
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Table 1. Relationship between dementia level and mean serum
25-hydroxyvitamin D (25-OHD)

Dementia level 25-OHD P value

Independent
1
I

Severe III-IV Lower

* Kruskal-Wallis test

P < 0.05*

in the independent (based on dementia level) group, and
then tended to decrease as the degree of dementia
progressed (P < 0.05) (Table 1). Sato et al. [19] reported
that serum 25-OHD levels are significantly decreased in
Alzheimer disease (AD) patients, and that vitamin D
deficiency is more common among AD patients. They also
reported that AD patients with lower bone mineral density
(BMD) and low serum 25-OHD concentrations have an
increased risk of hip fracture [20].

We have also examined the relationship between physi-
cal activity level and serum 25-OHD in hip fracture patients
[10]. The mean level of 25-OHD was more than 20ng/ml
. in the group assessed to be independent, and tended to
decrease as the degree of activity decreased. Bischoff-
Ferrari et al. [21] reported that 25-OHD concentrations
between 40 and 94nmol/l are associated with better muscu-
loskeletal function in the lower extremities, and Di Monaco
et al. [22] found a significant positive correlation between
serum 25-OHD; and Barthel index score in hip fracture
patients. Nakamura et al. [23,24] reported that elderly peo-
ple requiring care at home have a high risk of hypovita-
minosis D, and their low serum 25-OHD levels are mainly
associated with low ADL levels. Therefore, although the
relationships among dementia, activity level, and 25-OHD
are not completely clear, decreased exposure to sunlight,
decreased vitamin D production in the skin, and malnutri-
tion appear to be of importance. Overall, these results sug-
gest that dementia, decreased activity, and vitamin D
deficiency are mutually associated and carry a high risk for
hip fracture.

Summary and conclusion

Vitamin D insufficiency is prevalent in hip fracture patients
and is associated with the status of the oral cavity, nutri-
tional status, recognition function, and physical activity lev-
els. Although these conditions are not caused by vitamin D
insufficiency alone, we suggest that a good vitamin D status
will reduce fragility in elderly people. The serum PTH level
was not elevated in about 80% of hip fracture patients with
25-OHD insufficiency, but the mechanism of this observation
remains unclear. Therefore, accumulation of more data
linking 25-OHD, intact PTH, and hip fracture is required;
this information should lead to better prevention of hip
fracture in at-risk individuals and improved treatment of
hip fracture and osteoporosis.
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Failure of reconstruction surgery using anterior fibular strut grafting
to correct postlaminectomy kyphosis
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Abstract

A patient with postlaminectomy kyphosis with a neurological deficit which developed following the initial surgical treatment is
reported. A 49-year-old man, complaining of neck pain, sought treatment in 1995. An extramedullary cervical spinal tumor was diag-
nosed and C2-C4 laminectomy and resection of the tumor were performed. Recurrence of the tumor was seen 1 year later and a second
tumor resection and radidtion therapy were performed. One year after the second resection of the tumor, X-rays of the cervical spine
revealed kyphosis. Anterior spinal fusion without instrumentation was performed followed by immobilization using a halo vest for 4
months. However, pseudoarthrosis and progression of the kyphosis occurred postoperatively. Iliac bone grafting at the pseudoarthrosis
site and posterior internal fixation with lateral mass plates was performed. Bony fusion between the graft and C6 vertebra was obtained
after these procedures, but the neurological deficits were not completely resolved. Clinicians who treat spinal cord tumors may learn from

this treatment failure.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Postlaminectomy kyphosis; Bone graft; Spinal fusion; Spinal instrumentation; Pseudoarthrosis

1. Introduction

The occurrence of postlaminectomy kyphosis is a rare
and challenging problem.! The surgeon must consider mul-
tiple factors to prevent subsequent kyphosis when perform-
ing laminectomy of the cervical spine. If a kyphotic
deformity of the cervical spine does develop postopera-
tively, the deformity must be corrected and neural com-
pression relieved with caution, due to the fragility of soft
tissue restraints.? The failure of postlaminectomy recon-
struction surgery is commonly caused by graft failure, fix-
ation failure, or both.!

We report a patient with postlaminectomy kyphosis and
the clinical results after corrective surgery. The first recon-
struction surgery failed, but revision surgery finally
achieved a successful fusion.

2. Case report

The patient was a 49-year-old man with neck discomfort
that began in January, 1995 and for which he sought treat-

ment in April, 1995. Magnetic resonance imaging (MRI).

showed a spinal tumor extending from C2 to C4 (Fig. 1).
In August 1995, a laminectomy at C2-4 and an excision of
the extramedullary spinal tumor were performed. A patho-
logical examination of the excised tumor revealed it to be a

* Corresponding author. Tel.: +81 58 230 6333; fax: +81 58 230 6334.
E-mail address: shim@cc.gifu-u.ac.jp (K. Shimizu).

meningioma. One year post-laminectomy, a localized recur-
rence of the tumor was found. An excision of the spinal tu-
mor was again performed in August, 1996, followed by
radiation therapy, after which no recurrence was observed.
A year later in 1997, the patient returned with gait distur-
bance as his chief complaint. He also reported neck pain,
which had been present since 1995, and numbness of his left
upper arm. Radiographs of the cervical spine showed 35° of
kyphosis between lines extending from the posterior mar-
gins of the C2 and C7 vertebrae (C2-7 angle) (Fig. 2).

A neurological examination showed hypesthesia of the
upper extremities, bilateral ankle clonus and exaggerated
deep tendon reflexes; a physical examination revealed that
the patient was not able to hold his head upright. Increas-
ing neck pain, muscular spasms and dysfunction in finger
motion and of the bladder had occurred over the past 6
months. The patient could not use chopsticks and suffered
from pollakisuria. MRI showed that the cervical kyphotic
deformity and osteophytes were exerting anterior compres-
sion on the spinal cord.

To correct the kyphosis and to relieve the neural com-
pression, an anterior cervical corpectomy and fusion of
C3-Cs, using fibular strut bone, was performed in Decem-
ber, 1997 (the first corrective surgery). The C2-7 angle was
decreased to 9° of kyphosis (Fig. 3). The patient was immo-
bilized with a halo vest for 4 months.

Sixteen months after this corrective surgery, the patient’s
symptoms worsened. He could not hold his head upright.
He had gait disturbance, severe neck pain and hypesthesia
of both arms. The neurological dysfunction was even more
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Fig. 1. T1-weighted sagittal MRI of the cervical spine. An extramedullary
spinal tumor was observed extending from C2 to C4 (arrow). A
pathological examination revealed this tumor to be a meningioma.

severe than that seen before the first corrective surgery. Cer-
vical spine X-rays revealed migration of the fibular strut
bone into the C6 vertebra and subsequent kyphotic defor-
mity of 30° in the C2-7 angle (Fig. 4). The C2 vertebra
and graft were united, but the C6 vertebra had not united
with the graft. MRI showed that a residual fragment of
the C4 vertebra remaining after the corpectomy was com-
‘pressing the spinal cord (Fig. 5).

In February, 2000, revision surgery (the second correc-
tive surgery) was performed to relieve both the neurological
deficit and non-union at the pseudoarthrosis site. Anterior
decompression of the C4 vertebra, curettage at the pseudo-
arthrosis site and iliac bone grafting were initially per-
formed, followed by posterior spinal fusion of C4-Thl
with a lateral mass plate. The kyphotic deformity was then
decreased to 20° in the C2-7 angle. A Halo vest was applied
for 3 months postoperatively and satisfactory osseous fu-
sion of the graft was achieved (Fig. 6). Improvement in gait
and restoration of the patient’s ability to keep his head up-
right were seen, although numbness in the hands and arms
and the neck pain were not completely relieved.

Fig. 2. Lateral cervical spine X-ray before the first corrective surgery
showed a kyphotic deformity of the cervical spine. The angle between two
lines extending from the C2 and C7 posterior margins was 35° of kyphosis.

3. Discussion

Postlaminectomy kyphosis of the cervical spine is unu-
sual.! One of the causes of this condition is the removal
of the tethering posterior restraints in the cervical spine!
or weakening of the posterior restraints resulting from
radiation treatment for tumors.! Pre-existing kyphosis sig-
nificantly increases the risk of increased deformity follow-
ing cervical laminectomy."** This patient had undergone
two surgical procedures as well as radiation therapy; these
treatments may have caused the posterior restraints of the
cervical spine to weaken. The straight alignment of the cer-
vical spine, which was observed preoperatively, is also a
risk factor for postlaminectomy kyphosis.'

Symptoms of postlaminectomy kyphosis may include
neck pain, muscle spasm, progressive neurological deficits
and postural dysfunction. Generally, as the kyphotic defor-
mity progresses, the spinal cord becomes draped over the
posterior aspect of the vertebrae and longitudinal cord ten-
sion is increased.! In this patient, the kyphotic deformity
developed after the first corrective surgery because the
residual C4 vertebral body shifted medially and evaginated
into the spinal canal, significantly compressing the spinal
cord. This may have occurred because the residual verte-
bral body after anterior corpectomy and posterior laminec-
tomy has a 360° instability.'
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Fig. 3. Lateral cervical spine X-ray taken immediately after the first
corrective surgery. The C2-7 angle was 9°.

Subsequent spinal cord ischemia exacerbates the cord
injury, and myelopathy progresses. In this patient, numb-
ness of the left arm and hand, gait disturbance and bladder
dysfunction all gradually became more severe with the pro-
gression of the cervical deformity.

- Surgical treatment for postlaminectomy kyphosis in-
volves correction of the deformity and may require decom-
pression of the spinal cord. Several procedures have been
reported, including external traction and posterior fixa-
tion,*> anterior decompression and fusion with or without
external fixation,>® a combination of anterior corpectomy
and fusion with posterior internal fixation,> and anterior
decompression and fusion with anterior internal fixation.2
Whether the anterior or posterior approach, or both used
concurrently, is the most appropriate choice for treating
this condition remains controversial.”® In their review of
postlaminectomy kyphosis, Albert and Vacarro stated that
anterior corpectomies and strut grafting with a junctional
buttress plate, followed by sequential posterior segmental
fixation and facet fusions with morselized autograft to ob-
tain 360° fusion, would be the preferred course of treat-
ment for this pathological condition.”

In our case, combined pathological conditions of kyph-
otic deformity and spinal cord compression had to be
treated. We thought that an anterior approach would
potentially solve both these problems simultaneously.
Therefore, a multilevel corpectomy and fusion with fibu-

Fig. 4. Lateral cervical spine X-ray. Pseudoarthrosis of graft-C6 vertebra
shown by radiography before the revision .surgery (arrow)..The angle
between two lines extending from the C2 and C7 posterior margins was
30° of kyphosis.

lar strut graft were performed. At that time, we expected
that the fibular strut graft would withstand the large flex-
1on forces encountered by the cervical spine. However, a
multilevel discectomy and fusion with an anterior plate
would also have been a reasonable choice, as long as
the anterior release by disc excision could be extensively
performed and supplemented by posterior fusion.

As patients with postlaminectomy kyphosis have been
reported to have 360° instability of the cervical spine,’ rigid
fixation should have been considered together with the strut
graft. This patient had no internal fixation, but an external
halo vest was used for 4 months after the first corrective sur-
gery. In spite of this, the patient ultimately developed pseu-
doarthrosis at the distal end of the fibular strut, perhaps asa
consequence of the strut graft exerting excessive stress on
the vertebral endplate. This failure indicates that the Halo
vest alone did not provide sufficiently rigid fixation to retain
the graft until bony union was obtained. Furthermore,
radiotherapy may have weakened the viability of the C6
vertebral body, and inhibited union.’

In this patient, it was impossible to correct the kyphotic
deformity by postural correction before the revision sur-
gery (second corrective surgery), presumably because the
C2-fibular graft junction had fused. Surgical correction of
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Fig. 5. Magnetic resonance imaging (MRI) (T2-weighted) demonstrated
that, after corpectomy, the residual part of the C4 vertebra notably
compressed the spinal cord (arrow).

the deformity could not be performed because a posterior
release would be necessary before anterior decompression
and re-grafting; this procedure was deemed too invasive
for this patient.

To reduce the incidence of postlaminectomy kyphosis,
Albert and Vacarro also suggested that prophylactic fusion
should be considered for patients undergoing multilevel
laminectomy, patients with preoperative cervical instabil-
ity, and young patients."'® Retrospectively, posterior fu-
sion performed at the initial tumor removal (first
operation) may have prevented the development of postl-
aminectomy kyphosis in the present case.

4. Conclusion

We have reported a patient with postlaminectomy
kyphosis who was initially treated surgically without
success. Successful bone graft union was obtained and gait
disturbance and postural disability were improved after
two corrective surgeries. Prophylactic fusion at the time
of the first laminectomy (initial tumor removal) or internal
fixation during the anterior corpectomy (first corrective
surgery) may have prevented the development of postlam-
inectomy kyphosis.

doi:10.1016/5.jocn.2005.12.021

Fig. 6. Lateral cervical spine X-ray. After the second corrective surgery, a
successful fusion of the graft-C6 site was obtained (arrow).
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Surgical Technique for Spine and Spinal Nerves
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A New Decompression Method for Lumbar Spinal Canal Stenosis Using a Technique of Figure Eight Reattachment of Split Spinous Process
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Abstract Purpose: We developed a new technique of figure eight reattachment of split spinous process in lumbar spinal
canal stenosis. The purpose of this study is to describe this procedure and its short-term results.

Materials: The subjects were 33 patients (17 male and 16 female). The average age was 73.3 years, and the average period
of postoperative follow-up was 5.1 months. A total of 44 levels were decompressed.

Methods: After skin incision, the supraspinous and interspinous ligaments were cut longitudinally with a scalpel at the
midline. The spinous process was split with an osteotome. After decompression was finished, the split spinous processes were
sewed up with their base.

Results: The mean operation time was 120 minutes per level, and mean blood loss was 89 m/ per level. The average period
for sitting was 1.0 days, for walking 1.6 days and for hospitalization 12.0 days after operation. The mean recovery rate by the
JOA score was 80.3%. The mean length of skin incision at L4/5 was 2.9 cm.

Discussion: The problems of bilateral microendoscopic decompression by unilateral approach are that the preservation of
the facet on the approach side is difficult and the learning curve is steep. The advantages of this method are small skin inci-
sion, preservation of ligaments and paravertebral muscles, good orientation and wide operative view, easy decompression of
the lateral recess from the other side, and preservation of the lever arm of the extension mechanism.

Conclusion: This method does not need special equipment, is minimally invasive and offers precise decompression. The
short-term results were excellent.

Key words BH&REEHAIE (lumbar spinal canal stenosis), SESIBRISRMNEE (reattachment of split spinous process),
NDF (figure eight)

(3 Csbic IABTATRD IS 18 B ERES TH o7, TD22
- HEOTRYEDOFHIZ 61mm (2~12mm) T
ERFREIOREICN L CERBRRENER  Hor. ¥, To 22 HREF 14 R X B8
DFFERTAETHD, MEDOLAA—T7—LE BETCFREELZ2EYD, 20OFHEIE 29mm (2~
RS BETE IREREL OFEBEE 6mm) Thot. X BEBEFIC X 2REER
RBEMREERL, REZEBRBEEZE-OTE 10 HEICEDON, ZOFHIT 4.6 B (1~14 E)
EOMRNEBN L 2 OEHHRE2#ET 5. THot-. MEEE JOA A2 71 13.5 & (1~20
R), FHETEESHIZ 73.3 8B (59~87 &), M
BPSEENEIE 5.1 2 B (1~13 » B) Tho 1=,
PO
NRITEE A2 T L BT EPEE ;
3361 (BIE 1740, L 160)) 4 HERTH 3. FHFR
MR 14 FICERR 156, BE&E 46T BEILEREE, FLRY— (B 245%
Hote, FMLALIT L4/6 BB 2L /S FRHLLEBIL T2, MR TERCBRETS
THo7:, 44 HEMT 22 MRS TRDEZ B, 7o IR RIEBRD X B4 A - A6 R

MAOXFEVNABEBE (T142-8666 &/IIEXBEDE 1-5-8) Yoichi Jiv, Takashi Yact, Ippei Mumém, Kunihiko Suzuxl,
Yutaka Hiratzom, }ﬁdeyo Miyaoka: Department of Orthopedic Surgery, Showa University School of Medicine

it - FHMEFHERE 0(1): 92-97, 2007

— 436 —



a : K-wire It X B1ifRv—% >

d : Ny hRMFIT K B EERE
HoEALIER,

b : BRESEMEIE A X —HEE
TR N, figi~—
X/ NHES LD
B (=) MHERER &L X
NDSYy Fe—rths,
* | BRIEROELE

e I WEIL -HoBERIcL7—
b =L TEALE R,

c AUV UEFTFIT X B AHAIBRE

E

f : BREGEEEED & MEE L /- B
DEFIZ2 L 7Y NVENAD
FRICBLIEZ A,

B 1 FEFEK

B - BHHEFNFHE vor. 9 ~o.1 200748 H 93

— 437 —



FEMHERS O SRIIMEE TR L~V TR T IR
B9 HEBICTERR 2 mm @ K-wire TEFLZERIL T
Vw3, K-wire it BZE%2ED 2mm M EFA X
nixwvidHicIELTV2 (B 1a). Filiid 26
EL—_E~y P4 P RFERALTVS, BE-
TR % 2 ACTHETIBIL, % ORBRZERLTH
DEFBICH > TIZ7— b —LIXT/ S DHAL
FERT 3. MR CTICTEHAIL gL R/ 31
H1% T 20 EBRRIICEITBREBRDIERZ 4 v
FLTWL, BEDEIFTELLLGRIC/ 3%
%9 30 BEAMEAINE L THREEET 2 M O ICYIEE T
%, ¥4 BREREICE L - BEWE, SE8H
AT AR AA—FREISETHRE L EG IR
T3, v—FV S LBREIVFe—2LLT
B (BB T vy MRICERNZ F—24%
IZ) 2MEfTT 3 (B 1b). HAS—FREIGEZED
3 Z L TH 30 EDMEAICHIOBRENTRETH %
(B 1c). BEKTH, BEEERI Sy Hh A#F
TREAE 2 BoEEERL (B1d), £6i
REIL BB 7 — P —LTENETN 2D
EFREERTSZ (Ble). XICINs5DEFAIC 2
NRAZINEN\DFIEL THEEEATEDL
o R TiRe L, RBICHL - BEWE RS
T3 (1) BEEC-oXLEHIhEL,
DEETEPEE I NHEROBEESEE T
HHILEETHLERL T3, FMiFHk%
BRI FWTE 2 IR T. figiisEanty
PR L ARERAL T IBZENNUADBEE
EHIERIZ L Tz,

RERE

FMRE, HIME, BERREGENEREE (JOA
Aa7) OHER, MEBHEALEEORERE,
WMEROBTE OB, ABHAM, &L -z
BOBHEAEB IUAMEICODVWTHEL -

w R
1 HERBH 72 h DS FMEERIL 120 4 (90~180

), FHHME R 89m/ (10~220ml), L4/5 @
1 HERICBR 2 & 20 F N 140 4 (115~180 43),
83ml (10~200ml) THH, FHEYIEIZ29cm
(25~35cm) Th-ot, HIBRICITLEIER
AlgETh b, MEFEH 16 H (1~3 B) THT,
120H (5~24 H) TBBEL T3, JOAR27
DYELYERIIME 3 » AT 71.0% (40~100%),
6 » AT 80.3% (50~100%) THo7. CT L&
5 L 2 EREORREA TOERERIZME
3 5 BT 90.0%, 64HT9%.8%, BELELT
X ZNFN 25.0%, 56.7%ThH o7z, FREEMY
MBI 2 X MEERIC L 2 TRDROBED
BB EAOHEELEIZ Vs>, SHHE
TH3H, NEREVR—NVOEEEE2 Flic
Holh, LRVERBRPA-Tvar—Yay,
BREARZ Eidladroiz,

E A

80 BB, L4/5 D BREEEISIE THTEID JOA A
a7 17T JBTHH T, Wik 3 » BOKFEHD CT
TIRREEOMEE L MEEEMOFHYIH L 7
HTOEESE, 8L lateral recess D+ B
BEXED 2. KREO CT Tk L4 ESEBRIL
L5 #SHEAOBHIREIERTE, E/MEL -
PR L REEEROFRABRD SN S, JOA
AaPiF 28 MERDBER T TH-o (H
3).

K

BE, BREREEREBECNT 2B EEER
E#iTid, FHSYDREET A REATRIRE
WRELSY, IS & 2 PEEBEFRENEA
BT X 2 HESYIRRMTRAH S Vic &k 2 A NIRFRIE
HE#E S [ BR E 7 muscle-preserving interlaminar
decompression (MILD) ¥, %D WNEE T DMz
THB=E62ic k3 ME-MILD &7 st h
Tw3, REHETHAEATGRBRERORER &
LT, EAROBRERRCHES DIROHIEF T

94 i - FHARFNFE voL. 9 no.1 200748 H

— 438 —



4

R

2 BIEX. 20mm 8/ = e BIEEETOTHAI D i tREFOTHLLE k : BEREOEIER
%9 20 BEERANC AV T BRICRZET, T ,

ERE s LT
WERIEH 2 GEHT 5. o Janie

~ ‘ f:BE X ERERL

b : HHIK, BEEEOMRERR DM DB ISR
LEMS RicfEBIE N EhAREET.
=37 DEA.

i‘ﬁf%%ﬁ%éﬁg m : B RAEE
ZEIEhEBEDOR k~m : FRBICOEHES
ELA-BELE LD _ BEEEN TS,
EEX N5 LRI

g - { OREFEERERI N

¢ BAIX, iEhEMEIL T AEpEEoEAMOEA WEz Ay F Xt
Wt ) SEARNCH IREBEL, BT BREEADELITIC & B
30 BRI TBRERES EZEEXNS
2Rl ICHIEET 3, '
13
| h : DK b AR
s #%5, CORETIEE
d : RERTHROTRIX, #t REAOHE TN
HIN-EHELDOHE ZEh & PR R B e , s
BB R EET fil LT\ 7p b, 2 E’I’Eﬁﬁék;%?ﬁﬁ?&o)ﬁﬂﬂ
T - THSEENFE vor. 9 no 1 2007 8 H 95

— 439 —




d : itk 3 » D CT AFHK
(HERTARR6L) . MEEUEE, RS
EERL b IRERFCRE
BERDB.

D i

e : i 3 » BD CT AKFHiE (H
BIRENL). lateral recess DR
Fie b 7Ry FRIRE & HEE
BREEDEHEEZRD 5.

JUR '.. :
A ‘ ~, il
‘ ™ B , . e o

f iM% 3 » B CT RIRETER.
L4 #HBREAE Ls S B
: BT & BB R D BREE
¢ : 78T CTM /K W& EHLDBESEZRDS.

B 3 fiEfl: 80 EMBY, 1L4/5 EERVMEE

96 EH - EREAEFHFHE vor. 9 no 1 2007888

— 440 —



E MU DOHERIBAEN D IR HSEREE, B DHERIR
DRBEIRETHZ, TXDIEDHEBEHDOERE
FRMBEELPT, 3HEMUETREGE LD
lwdw, Fa772—L 705 —EBEIERS
#5IZEICKAEBFREHORE, SHMRONT

BhEBEENBELICCY, F—=vIh—7
(BPR) DERTFMLDOIRTH L LD
BFont T3, EI6 /e S OBRZELRIEHHE
HEAETIIMRE L - EEOHELELZREFEL
THHSVBRBRBEL LS 2HREL Tviw
7-OMERS L OEFELS LR D, BREREDOL /-
7—LEEREZ B -7 D, MBRTEERICL B
B THREOBRL FOAEENEZI NS,
MILD, ME-MILD ¥ Ti3, BRELZDOEHI%Z egg-
shell SRICHREI L WTEF 2 BB L T\ %238, BWEED
HREAEIIEE X b biEsA <, Bl - BREEE
PEEGUEMLEL T L AA—7 —LEER
RET D)X TEELBUTH 2D T, RAWMLD
B % eggshell RITIZIFYIBRLTL £ % MILD,
ME-MILD ¥ CI3BRESHEIE T EE AL & A &
BHEDEREDH 3. BREREE ) LAEEML Tw
ZBEIIEE DEREOHERIIRE( LS. E,
BRIV { %2 2 1 DBRER O HIEIZI R HSHESS
THAREIBREIND.

ERROEIE 3cm UTO/NEYITH 5. B
ZRFETE CEFTHE T 2 - OB L - BRREAHW
W, FERHEEFETCEL. EE0BEPRZ
MRl —% v S CERML S LB T v F
v—JtRBNDT, RIFCEERA VIV T— 3
VEBETED, MEICREETEMES TV
DIEVHIFSE SN, RAHEIH S O lateral recess
DRERIENEZSE, BHICTES, FMERVDH
AN—BRBIBE L -, ~y F74 b EVIRER
DM THRER 7, T—=v I h—THAEE
TEMLHLBEOH»TH S, MEIL BEEZE

COE THESRERESIORWREE T 279, BRER -

FEEER - R THERINE L S—7 — AKED
BENTEIRETHS. itk 6 » BTOHER
B TcOBEEEIL56.7% L HEL EGDEE
REILDOBREAE9068% LD bE»o7738, T
DEh L L THHAOESTIZBY) D Eic Bz E
ALTwiZ L, REEEFOBRLE 2 @Tidx
C1MEE LT D WHEIEED S ¥ h EET
Bhaholol thENEIONS, BERXETD
EOLWLIMZ7 4« 7Y ro—FEL, BELERD
BRZ2BELTHBDT, ZOWNTOERSE
EHHWEL T35,

#& &8

1) BEEEEIAEEICKH L THRERED L /-
7 - LEHE R EACIRFE TE 2 MBOH L iR
T BB N\ DO FRMEE R R % BN
L7,

2) AR L SE L ¢ TEEBTE
RxRELSTRTSHY, EHTIEH5RIFLE
FEER OYESE S LT,

X R

1) \BE—E, REEA, EBEAX, fi: ESET
BERSEICNT 35 L WIEBEBRER—HHA
R RIIBHEHE SRR EMT—. Medical Postgradu-
ates 42 :425-431, 2004.

2) = kiR, BA X, /\EHB—H, i BEE
BEREE T 2HLOHARETREMN—A
B8 T BT M AHE S BRI —. Medical
Postgraduates 43 : 35-40, 2004,

3) ME E, EA K E 15, f: BRERELE
hfE kI 2 EHEE S YIRR, BHE - B
BEMEHE  6:124-127, 2004,

4) SHFA : AEBETENONR EBREEER
RO s —ave 7T+, BE
A8l 53 1 1096-1103, 2002

5 EIMA, WARE, AR B:BERELEX
2o 1o Tt LS SRR B BT 2 IR —RE
PRI S YIRS, BREEEL 38 1 1401~
1406, 2003,

TH - THRREREE vor 9 ~no 1 20078 R 97

— 441 —



(RIS SREMEREROREURI 79— L FRET

FE20EF1S

BRI O PR L R

— & IZREERGHNSDONT—

Prognosis and treatment of the osteoporotic vertebral fracture, especially with posterior wall damaged cases
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