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4. RIB AR X 5 B B R E R R AL (SSEP-S) 1 7 29
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6. FREFIW, KRS 2 CEMEGEOFHRBE LA 8 1 7
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8. WAL MR R RO & BRI B D s LA R 0 8 1
9. TR R MR R SRS % A R S 14
10, W AL A KRGS RIS & % AR R 3 B U 1 i Sk D 11 1
11, Zzofl 2 1
120 8% 05 vk A A B0 5 R 2 8 12

1L R AR, B K s
TR RE L (LGRS & Fz 3% SEP)
SEP=somatosensory cortical evoked potential
SSEP-C=spinal somatosensory evoked potential-conductive
SSEP-S=spinal somatosensory evoked potential-segmental
SCEP=spinal cord evoked potential
MEP=motor evoked potential
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spinal cord—cisterna magna
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. conus medullaris, cauda equina
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SEP

spinal cord—cauda equina

spinal cord —muscle action potential 2
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Fig. 1

Auto-correction of the lumbar curve by pelvic
hitch. The patient is required to raise her left
hip. Lumbar curve is corrected by this pelvic
hitch.

She is then required to lower her left hip,
maintaining the correction in the lumbar curve
by muscular force.

2 DX 5, FRELESRS, ol BELER
MICH B OB S — 7R BIEL T3, o Thlise
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Fig. 3
Left: Standing relaxed. Left thoracolumbar

curve 24 degrees.
Right: Auto-correction. Curve reduced to
8 degrees.

Ll 1991 1

Fig. 2

Left: Standing relaxed. Left lumbar curve
with indented right waist line.

Middle: Left pelvic hitch. Curve corrected.

Right: Left pelvis lowered. Correction main-
tained.
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1) Mehta, M.H.: Active Correction by Side-Shift:
An alternative treatment for early idiopathic
scoliosis.  Scoliosis Prevention, Praeger, New
York, 126-140, 1985.

Active Auto-Correction of Lumbar Curves by Hitch

Tatsuya KOJIMA¥*, et al.

Lumbar scoliotic curve and tilted L,, Ls is a big headache.

Correction by brace may not work successfully on these very low take-offs. Instrumentation

and fusion will make lower lumbar spine stiff and should be avoided if possible. We have been

trying active auto-correction of lumbar curves in hope to obviate fusion problems.

Consider left lumbar curve with low take off. When the patient raise her left hip, her lumbar

curve become reduced. She is then requested to lower her raised left hip, maintaining correction

of the lumbar curve by her own muscular power. With these steps, patients learn how to control

their lumbar curves.

We have seen several lumbar curves controlled by this pelvic hitch.

It is not yet shown the efficacy of this exercise in the long-run. But in some cases, such as

curves too small to be treated by braces, curves especially not suitable for fusion surgery, etc., this

pelvic hitch should be considered as an alternative or a booster to brace or fusion surgery.

* The University of Tokyo, Faculty of Medicine, Department of Orthopaedic Surgery



e b

1991 13

ey
(=2}

e
>
e

1

Qo

The Evaluation of Back Deformity Using
Topographic Body Scanner in Idiopathic
Scoliosis Treatment with Milwaukee Brace

Taku Nakakohji* Kuniyoshi Ohtsuka* Kazumi Kitagawa*
Hisatoshi Kinoshita* Shinichi Takahashi*

Key words; idiopathic scoliosis, Milwaulee brace, topographic body scanner

Introduction

It is difficult to obtain accurate evaluation on the back deformity of idiopathic scoliosis by
radiographic analysis. Therefore, we have mecasured those deformities three dimensionally, using a
Topographic Body Scanner (TBS) since 1986. The purpose of this paper is to review the back

deformity before and after Milwaukee bracing using TBS.
Materials and Methods

The subjects were 16 cases (1 male and 15 females) with idiopathic scoliosis ranging from 9
to 15 years of age. They were divided into 3 types: thoracic curve (5 cases), thoracolumbar
curve (1 case), and double curve (10 cases). Their average Cobb angle on the initial roentge-

nogram was 32 degrees (26-42 degrees). The standard brace wearing time was 23 hours per day.
Basic Mechanism of TBS

Ten light emitting diodes (LEDS) spaced 30 mm apart and a line sensor camera are set in
the same vertical plane. The body surface of a subject is irradiated by an illuminant with LEDS,
and its reflection is captured with a sensor camera and the luminous point is determined by
tryangulation. The data obtained are put into a micro-computer. TBS measures the shape of
the body surface from the cervical vertebrae to the pelvis to a maximum extent of 54 cm by
making transverse rotation at an angle of 180 degrees and vertical movement automatically around

the subject.
Measurement Procedure

The measurements of scoliosis and back deformity of 16 patients were made before and after

* Department of Orthopaedic Surgery, Shinshu University School of Medicine
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Hump angle: [f0,—6,|or|0;—6,]
HDS: [6,—0,|+|0,—0,|or
[01—0z] + 10— 05| + [ 0;—0,4]
Fig. 1 Hump angle and hump distortion sum (HDS) in cross
section. There is no #; in patients with single hump.

Table 1 Scoliosis and back deformity before and after Milwaukee bracing

before bracing afters?;ising after6 }igi;;ing % aftelrzt:rlizts:ing
Cobb angle 25°~42° 14°~32° 17°~39° 11°~36°
(32°) (23°) (30°) (23°)
Hump angle 4.8°~18. 4° 4.8°~9.6° 6.6°~14.7° 6.8°~15.0°
(11.4°) (7.0%) (10.3%) 9.8%)
HDS 15. 6°~40. 8° 14.1°~28. 2° 13. 37~45. 2° 13.0°~27.1°
(27.2°) (22.4%) (24.5%) (19.8°)
WDD 9~76 mm 7~48 mm 7~57 mm 7~58 mm
(28 mm) (27 mm) (22 mm) (20 mm)
TKI 3.5~12.3 5.9~10.5 1. 3~10. 6 1.5~10.6
.7 (6.1) (6.3) (8.6)

HDS: Hump distortion sum, WDD: Waistline deviation distance, TKI: Thoracic kyphosis
index

the Milwaukee brace treatment. The scoliosis were evaluated by Cobb angle radiographically,
and the back deformities were investigated as follows: As for the hump angle, the maximum angle
of inclination was obtained by measuring the images of horizontal transverse sections of body
trunk from the suprascapular to the pelvic regions at an interval of 3 cm. The total angle of
distorsion of the back from the suprascapular to pelvic region was obtained. We call this angle
the hump distortion sum (HDS) (Fig. 1)2. As for the deviation of the waistlines, the absolute
values of the distance between the perpendicular line arising from the middle of pelvis and either
right or left waistlines were obtained. We call these values the waistline deviation distance

(WDD). Thoracic kyphosis index (TKI) were figured out by investigating their sagittal views.
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Correction rate of 11DS

Fig. 4 The correction rate of Cobb angle and HDS before
bracing and 6 months after bracing (single curve and
double curve). Note that there are no correlation
between the correction rate of Cobb angles and that
of HDSs.

Results

The Cobb angle, HDS, Hump angle, WDD, TKI before bracing, and 3, 6 and 12 months
after bracing are summarized in table 1. The Cobb angles and HDS were improved after bracing
(Fig. 2 and 3). But hump angle and WDD were not clearly improved. In the single curve
group there was significant correlation between HDS and the degree of curvature before Mil-
waukee brace treatment, but there was no correlation between them after bracing. The average
hump angle, HDS and WDD decreased after bracing, but there was no correlation with the Cobb
angle. We evaluated the correction rate of Cobb angle and HDS before bracing and 6 months
after bracing. All 16 patients showed no correlation between the correction rate of Cobb angle

and that of HDS (R=0.44) (Fig. 4). But when the patients were divided into two groups,
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Fig. 5 The correction rate of Cobb angle Fig. 6 The correction rate of Cobb angle and
and HDS before bracing and 6 HDS before bracing and 6 months after
months after bracing (single curve). bracing (double curve).

single curve group (n=6) and double curve group (n=10), there were high correlations. The

single curve group (R=0.84) (Fig. 5) and the double curve group (R=0.74) (Fig. 6) showed

close correlations.

Discussion

Since the etiology of scoliosis and its full natural history have not been understood, brace
treatment programs will remain less than ideal because they cannot directly influence the cause
of the disease. Bracing only attempts to influence one of the disease’s physical manifestations. In
bracing idiopathic scoliosis patients, the importance of proper lateral force generated by the
corrective components of the brace in leading curvature correction has been demonstrated properly.
However, the correct evaluation of the reformative efficacy of the hump angle has been difficult.
Therefore quantification of the hump angle by the optical technique has been attempted’,®. We
made quantitative analysis on the back deformities using TBS. HDS was used for the measure-
ment of the back deformities. We have evaluated three dimensional back deformity and found
that the single curve group and the double curve group each showed a high correlation between
the correction rate of Cobb angle and that of HDS. In comparison of correlativity in each
group, it seemed that in the single curve group, scoliosis was well reformed when the distortion
was reformed. In the double curve group, however, the reformation of scoliosis was not adequately
achieved even though when the distortion was reformed.

As we had only 16 cases in this work, further study will be made when the number of the

cases is increased.
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Conclusion

1) We have evaluated three dimensional back deformity using the Topographic Body Scanner

in 16 cases of idiopathic scoliosis.

2) Single curve group and double curve group showed respectively high correlation between

the correction rate of Cobb angle and that of HDS.

3) This study clarified that the correction rate of back deformity was different between the

single curve group and the double curve group.
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Combined Treatments with Under-Arm Brace and
Part-time Milwaukee Brace in Idiopathic Scoliosis

Yoshihisa OKAMURA¥*, et al.

Combined treatments with under-arm brace and part-time Milwaukee brace have been used
in 20 cases of idiopathic scoliosis.

The average age when bracing was initiated was 12.7 years old (6.4—14.8 years old), and
at follow up was 19.8 years old (13.9—25.7 years old). The average year of bracing was 3.9
years (1.5—5. 2 years).

The average curvature when bracing was initiated was 30° (20°—48°), at follow up was 33°
(18°—56°),

The maximum correction rate was 21.7% in MB, 18.8% in UAB at upper thoracic type,
30.7% in MB, 42.1% in UAB at lower thoracic type, 19.0% in MB, 42.7% in UAB at lumbar
type.

Rate of drop-out was 23.59%.

The authors concluded that the UAB and part-time MB treatment was more effective in

proximal thoracic scoliosis from correction and bracing.

* Department of Orthopaedic Surgery, Hirosaki University School of Medicine
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Follow-up Study of Under-arm Brace Treatment to
Adolescent Idiopathic Scoliosis

Takashi ASAZUMA*, et al.

The authors have been using mainly under-arm brace to the idiopathic scoliosis since 1980.
We investigated the preliminary results of the treatment in our scoliosis clinic.

(Method) Three hundreds and twenty one patients (23 males, 298 females) with adolescent
idiopathic scoliosis underwent brace treatment by under-arm brace. We examined the results of
treatment of 199 patients, excluding 122 patients who are still under treatment and have worn the
brace less than 3 years in terms of the correction rate and the presence of progression. Average
age at initiation of bracing was 13 years and 7 months (range 10 to 17 years and 8 months).
Time since initial bracing averaged 4 years and 8 months (range 1 year and 6 months to 8 ycars
and 5 months), The average Cobb angle prior to bracing was 29.8 degrees (range 23 degrees
to 48 degrees).

(Results) (1) Eighty three patients (41.7%) dropped out. Fifty ecight patients (29.1%)
who have worn the brace more than 3 years are still under treatment. Thirty four patients (17.1
%) have completed treatment.

(2) The initial correction rate just after bracing was 22.6% in thoracic curve, 28.0% in
thoraco-lumbar curve, 29.1% in lumbar curve, 12.7% in upper curve, 20.4% in lower curve of
double major curve.

(3) Only 9 patients (8.9%) progressed to surgery.

(4) The authors’ under-arm brace appears to be effective for idiopathic scoliosis with Cobb

angle of 30~40 degrees with regard to the prevention of progression.

* Department of Orthopaedic Surgery, Keio University
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FEEMOREL ZOFRAD 1 2L LTELLRT 5,
Joint laxity (3ZPffio> laxity o4 D% F3T D & T i
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W 5 25 LR O falfe =2 ©H 38 7 AHBUBH 672 i b 7o (Fig.
D.

BIERICE LT 5% DTofBRc JLS Lofiic
HR BB fr 3B 7 (Fig. 2),

Double curve =35\~ Ti%, upper curve, lower curve
MR\ TRFIER, MR Ebic JLS 45757 HHpY
BIERITER®D BALTe s T



23 BRER M6 %515 1991

Cobb
30 e —
| | i
1 9 | |
r— S .
|
! | |
| I \
T A i
‘. i f i i
| |
s . ! w l
15+ e [ —
i ‘ L I S
| \ s
10 : ——————————
i | | E |
| o ‘ |
5 ) ‘ PR, S S ——
! o | | |
| ! { \
— D L L j
0 1 2 3 4 5 6

Fig. 1 Onset of bracing (single curve); curve
correction

(2) MARIEIE DI SR E TORIE

Single curve, X 52 double curve (upper curve,
lower curve) 128\ Th, JLS &7HEAHBIBCRIZR
Db - e,

®) WMABIELAE D AT

Single curve 1 ¥ \» Tk /TR, H57
LRI AB & R e 5 T,

Double curve 3\ T,

®&bic JLS

lower curve OEfTHIC
BT JLS L ORIC 5 % LT O iR T B B
thaigote (Fig. 3). L LRI JLS LA
FIBIZERD B s - fo. Upper curve 12 8\~ THE ST
B, EfTEREBIC JLS LEBCHBE RS e - e

£z =

R PEPEMESE & joint laxity b D BHEitEC DT,
Wynne-Davies” 31970 4542 Carter B oD JjEc# 1T T
joint laxity A #idr U 5 LicZ &A% IS < b
bid, ZOWHICIL, FRVEBRBISIT O 83512 joint
laxity 23\ & & &, FRRPEMIEHE B #EIC I\ T joint
laxity O JFERE & B - T2, X i Veliskakis® 231973
SIS 154 G DG REVE MBS E B O AR 1TV, FIEHRIC
FEER T O laxity BNRB Bhvic & W Lk, Fi,
Nordwall® 31973% iz Carter B Jj{T joint laxity
AR L48Grh 3 filic joint laxity 23R Hivhs & il
Lic. 5 Binns? (319884 REAE D556 & wiilE o BE B
ZRET D LI XD joint laxity 2L L, FFFethpll
#iE Chinese girl 109 flic A I laxity A3EHs - T

Cobb (RATE)
60

h I
\ \ o
\ !
501 - et i o
; | | | ‘
!
w 1 1 ‘
fH———
|
301 - = = :
I ° | o]
@] | |
! o)
Wf—— —~ = o !
o) | | |
‘ |
10f—— —_—
i
o
0©
0 1 2 3 4 5 6

Fig. 2 Onset of bracing (single curve); correc-
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Joint Laxity in Idiopathic Scoliosis

—in Relation to Brace Treatment—

Kaname ISHII*, et al.

The etiology of idiopathic scoliosis is still unknown. There is a hypothesis that the connective
tissue anomaly is a causing and progressing factor of idiopathic scoliosis. The joint laxity is
thought to be a part of the general laxity. We had already reported the findings in relation to
sex, curve pattern, and so on. Now we report the relation between brace correction and joint
laxity (using joint laxity score; JLS).

[(Material and method]

Forty-four patients with adolescent idiopathic scoliosis who were inspected the joint laxity at
the age of 13—17 years old comprised the material. They had no curve pattern change during
brace treatment. All of the brace using these treatment were Milwaukee brace.

[Result]

In double curve group, upper and lower curve are studied respectively. Correlation between
curve correction or correction loss and joint laxity are studied.

(1) Onset of bracing:

There is a statistically significant (5%) between JLS and curve correction in single curve
group. And also significant in curve correction rate. But there is no correlation in double curve
group.

(2) Maximum correction:

There is no statistically significant in both groups.

(3) Loss after maximum correction:

There is no statistically significant in single curve group. But correlation between lower curve
correction loss and JLS in double curve group are found.

[Conclusion]

The joint laxity score indicates the brace correction rate at initial stage in single curve group.

And indicates the correction loss (lower curve in double curve) in the course after maximum

correction. But it will be limited in Milwaukee brace treatment.

* Nagoya City Child Welfare Center
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THH, B2 B, Lorkdddic, K ABGEHHAE O X
F w2 BGOPIERNTI3E100 AT, 2 B FRE DA R
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active corrective type ¢4 % (Fig. 1),
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Fig. 2 Changes in Cobb angle belore
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% Table 1 ¢ Lovte, BALEES B, FETALRE 7 4

TilisE ORNCIL Cobb M4 [mlfiEf B BN MR S

i, i, Cobb Ao EIERIZE(LR9.8% Tk

LR D24, 4% LS > Th Y, EEACEWTEHE

{ERF12. 0%, JEMEALIN46. 8% & 4260 — 7 TOME L b

bido &0 LDOBIERFICE GRS B (Table 1),
z =
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before after
34.0+6.2° 280 +7.4° p<0.001

(Corrective rate ; 17.6%)

and after brace application

Corrective rate ; 28.6%

Fig. 3 Changes in vertebral rotation angle
before and alter brace application
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Fig. 4 Relation between corrective rate of Cobb angle and

vertebral rotation in each case
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N0 progress ; progress

Fig. 5 Corrective rate of Cobb angle and
vertebral rotation by brace applica-
tion
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Table 1 Comparison of patients with thoracic
curves between no progress and progress
(Risser | and )

no progress progress

cases 7 5
age 12+5 11+3
Cobb angle

before brace 34.4° 40. 2°

after brace 26.7° 35.2°

corrective rate 24, 4% 9.8%
rotation angle

before brace 7./92 5.0°

after brace 4.6° 4.8°

corrective rate 46.3% 12.0%
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D W, b WMAX G X 5 HERE R E 0 &
fifb, A¥e 43k, 61: 543-552, 1987.

2) XHF= - A E it 5 Milwaukee brace
DOIEFARH. BB MOOK 18 5 : il i &
JEO ¥, 112-122, 1981.
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Evaluation of the Cobb Angle and Vertebral Rotation
in Brace Treatment of Idiopathic Scoliosis

Noriaki KAWAKAMI*, et al.

Although brace treatment is widey accepted and practiced, the efficacy of a brace is still
controversial. In this study, a comparison was made between patients who showed progression in
spite of brace treatment and those who showed favorable outcome. Significance of change in
vertebral rotation as well as Cobb angle during bracing was assessed.

The plain radiographs of 46 patients (2 males and 44 females) who had been followed for
outcome assessment were studied. A total of 60 curves with Cobb angles from 25 to 49 degrees
were examined. Cobb angle and vertebral rotation (Sakai’s method) were measured on standing
AP radiographs before and after brace (TLSO) application.

Almost all cases had been corrected more or less at the time of application of the brace.
However, nine of the 60 curves showed progression to more than 50 degrees during brace treatment.
These cases showed less correction by bracing from the standpoint of Cobb angle and vertebral

rotation than other 51 cases who showed no significant progression.

* Department of Orthopedic Surgery, School of Medicin, Nagoya University
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Fig. 1 Radiographs of a girl aged 12 years

A: before operation with a left lumbar curve of
50° and a right thoracic cuve of 37°

B: 6.7 years after operation, the lumbar curve
was reduced to 2° and the thoracic curve to 19°

% o : ldiopathic

2100~ A : Paralytic
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Surgical correction of lower curve
Fig. 2 The graph shows the relation of
the surgical correction of the
lower curve to the spontaneous
corretion of the upper curve.
There was a positive correlation
between them in the idiopathic

group.
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Fig. 3 The graph indicates the degree
of the upper and lower curves
before surgery, just after removal
of a brace(¥) and their changes
during the follow-up period. The
postoperative degree of both
curves just after removal of a
brace were well maintained during
the follow-up period in all cases.
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Fig. 4 The graph shows the alteration
of upper and lower end-vertebra
angle of the upper curve and tilt
angle after operation. The tilt
angle and lower end-vertebra
angle of the upper curve were
significantly reduced postopera-
tively.
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Changes of relative apical vertebral
rotation in upper curve

Fig. 5 The graph shows how the imp-
rovement of the torsion (relative
apical vertebral rotation) of the
upper curve is related to the
improvement of the upper curve.
There was a positive correlation
between them in the idiopathic

group.
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Effect of Anterior Instrumentation on Upper Compensatory
Curvature in Idiopathic and Paralytic Scoliosis

Tomoyuki SAITO, M.D.*, et al.

The postoperative behavior of the upper curvature of the patients with the double curvature,
the major thoracolumbar and lumbar curvature treated by anterior instrumentation was analysed
radiologically. There were 12 patients, nine idiopathic and three paralytic. Dwyer’s method was
performed in eight patients and Zielke VDS in four. The average age at operation was 15 years
(range, 12~24) and the mean follow-up period was 4 years (range, (.6~10.5). The curves
were measured by Cobb method (scoliosis, kyphosis and lordosis) in standing radiographs. The
inclination of the upper end, transitional and the lower end vertebra was evaluated with the same
method as end-vertebra angle and tilt angle. The rotation of the thoracic apical vertebra was
represented as the difference between the degree of the rotation of the apical vertebra and that of
the transitional one measured by Pedriolle method. In the lowetr curves, the surgical correction
averaged 749 (range, 58~96) in the idiopathic group and 46% (range, 28~70) in the paralytic
one. The average spontancous correction of the thoracic curve after operation was 30% (11~49)
in the idiopathic group and 13% (10~19) in the paralytic one The inclination of the lower end
vertebra was remarkably reduced in both group. However, that of the upper end vertebra was
worsened in 4 idiopathic and 2 paralytic cases. The kyphotic angle of the thoracics decreased by
an average of 4° in the idiopathic cases. The rotation of the thoracic apical vertebra was
improved in 2ll cases (range, 3.5~10° in the idiopathic and 2~19° in the paralytic group)
postoperatively. These findings showed that the spontaneous improvement of the thoracic curve
depended on the degree of the surgical correction of the lower curve and it seemed to be difficult
to make the spontaneous correction in the cases with severe inclination of an upper end-vertebra

and a rigid upper curve before operation.

* Department of Orthopaedic Surgery, Yokohama City University School of Medicine
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Fig. 1 3-D co-ordinate systems taken on
vertebral end-plates

In scoliotic vertebra, they are skewed 3-
dimensionally. The aim of the vertebral
osteotomy is to reshape the deformed vertebra
into ideally shaped one.

T:(0-X'Y'Z)—(0-X"Y'Z")
7

Fig. 2 Vertebral deformity is expressed
in a form of 3x3 matrix. An

eigen-vector a, whose eigen-value
is 1, is the axis of this 3-D de-
formity.
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Fig. 3 Thus, by a close wedge osteotomy,
which is identical to the rotation
around the eigen-vector Z the verte-
bra can be ideally reshaped.
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PRE. op.

POST. op.
Fig. 4 A clinical case

Double thoracic curve. Note improved rota-
tions in lumbar vertebrae post surgery.

Fig. 5 Design of osteotomy, computor simulation
on 3-D CT

Clock-wise rotation of upper-endplate, reduction
of lordosis, over-correction of scoliosis.
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Fig. 6 Reduced rib hump
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Fig. 7 Improved back shape
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Spinal Derotational Effect by Vertebral Close Wedge Osteotomy

Tatsuya KOJIMA*, et al.

It is understandable scoliosis be corrected by vertebral close wedge osteotomies. But it is not
as easy to understand that spinal derotation is also achieved by this surgery.

This paper is to prove the derotational effect in vertebral close wedge osteotomy.

Consider 3-dimensional co-ordinate systems on upper and lower endplates in a scoliotic vertebra.

Close wedge osteotomy is considered a surgery to transform a deformed vertebra into an ideal
(provably, over-corrected) shape.

So the surgery is mathematically put a transformation of the upper endplate co-ordinate into
ideal co-ordinate.

Upper endplate co-ordinate and ideal co-ordinate are skewed.

This 3-dimensional skew is expressed by means of a 3 X3 matrix, one of it’s cigen-vector has
eigen-value 1.

This means that a rotation around this eigen-vector ideally reshape the vertebral body.

Using this theory, ideal axis of osteotomy is determined.

A clinical example is shown to prove that vertebral close wedge osteotomy really worked in

correcting the scoliosis 3-dimensionally.

* The University of Tokyo, Faculty of Medicine, Department of Orthopaedic Surgery
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Wedge Resection of the Vertebra Forming
Hemivertebra for the Correction of Rigid

Secondary Lumbosacral Curve

Takashi Murakami* Satoru Kanzaki* Masataro Tani*
Yushin Ishii* Katsunobu Sakai* Akira Hattori*
Shoichi Kokubun™*

Key words; lumbosacral scoliosis, operative treatment, wedge resection,
hemivertebra, congenital scoliosis

Introduction

One stage excision of hemivertebra by combined anterior and posterior approaches is our
recent procedure to correct congenital scoliosis?. The average correction rate of 84% was obtained
by this method in our last 9 cases. Following this excellent result, a new problem of worsening
spinal imbalance at the lumbosacral spine is seen. The rigid compensatory lumbosacral curve
should be corrected at the same time, to obtain a well balanced spine. We devised the new
operative technique of wedge resection of the lowermost lumbar vertebra forming hemivertebra for
the correction of rigid compensatory lumbosacral curve. The operation ensures a sufficient correction
despite of short fusion. The purpose of this paper is to report our operative technique and the

results In two cases.
Operative Technique

The posterior surface of the lowermost and the superjacent lumbar vertebrae are approached
by posterior approach. The facet joint on the convex side and the interarticular part of the
lowermost vertebra are excised to make the wedge. Then the pedicle is removed (Fig. 1-A). The
upper part of the vertebral body is resected in wedge shape by air-drill while the nerve root
running just below the pedicle is retracted inferiorly and dura mater medially, respectively. The
intervertebral disc including the cartilaginous plates is removed to complete the desired wedge
(Fig. 1-B). The anterior longitudinal ligament and annulus fibrosus at the concave side are left

intact to act as a hinge for correction. The wedge-shaped gap is then closed by Hokkaido

* Department of Orthopaedic Surgery, Nishitaga National Hospital
*#* Department of Orthopaedic Surgery, Tohoku University School of Medicine
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Removed Pedicle

B

Fig. 1 Operative technique of wedge resection of the vertebra forming hemivertebra
A: The facet joint and interarticular part of the lowermost vertebra are excised to make
the wedge shape. Then the pedicle is removed.
B: The upper part of the body is resected in wedge shape by air-drill.
C: The gap is closed with Hokkaido University compression rod system.

Fig. 2 Case 1, a l4-year-old girl Fig. 3 Case 1

Preoperative roentgenogram showing a semiseg- Postoperative roentgenogram showing excellent
mented hemivertebra at L, and a secondary spinal balance.

lumbosacral curve of 35 degrees.

University compression rod system applied to the leftover laminae on the convex side (Fig. 1-C).
Posterolateral fusion and interbody fusion are added.
Postoperative care consists of a supine position for 2 to 3 weeks, followed by an ambulatory

cast for 3 months or until fusion is solid.
Report of Cases

Case 1. A 14-year-old girl had six lumbar vertebrae, which includes a semisegmented
hemivertebra on the left side at L,. She was considerably out of balance with a 3.5 cm decom-
pensation. A left lumbar curve measured 40 degrees and a right compensatory lumbosacral curve
from L, to the intercrestal line 35 degrees (Fig. 2). The lumbosacral curve was correctable to

only 26 degrees by side-bending. The fifth lumbar vertebra could not be made horizontal over



Fig. 4 Case 2, a 13-year-old girl

Preoperative roentgenogram showing a semiseg- Fig. 5 Case 2

mented hemivertebra at L; and a secondary Postoperative roentgenogram showing improved
lumbosacral curve of 23 degrees. spinal balance.

the sacrum. Operation was performed in one stage. Patient underwent wedge resection of Lg
vertebra in the first step by posterior approach. In this case laminectomy of Lg and the resection
of right articular processes of Lg were performed to obtain the better exposure of the neural tissue.
The compression system was applied to the laminae of Ls and S;. In the second step, the
hemivertebra was excised by combined anterior and posterior approaches. The primary curve
was corrected to O degrees, while the lumbosacral curve to 4 degrees. Spinal balance improved
remarkably (Fig. 3).

Case 2. A 13-year-old girl had six lumbar vertebrae, which includes a semisegmented hemi-
vertebra on the right side at Lj;, and was out of balance with a 2.5 cm decompensation. She
had been followed from the age of 2 years to 13 years by us. The lumbar curve progressed from
30 degrees to 43 degrees and the compensatory lumbosacral curve from 13 degrees to 23 degrees.
The compensatory lumbosacral curve became rigid, so that the curve could be corrected to only
15 degrees by side-bending (Fig. 4).

Both excision of the hemivertebra at Ls and wedge resection of Lg vertebra with compression
system applied to the laminae of Ly and Lg were performed in one stage.

Though the lumbar and lumbosacral curves were over-corrected to —8 degrees each, spinal

balance improved remarkably (Fig. 5).
Discussion

Little has been published about the correction of lumbosacral curve. The compensatory
lumbosacral curve has been treated by long lumbosacral fusion including primary lumbar curve,
with Harrington instrumentation using a sacral bar or Galveston technique of Luque SSIL®.

A short and rigid curve in congenital scoliosis due to hemivertebra can be excellently
corrected by our one-stage combined anterior and posterior excision of hemivertebra. The average

correction rate was 84% in our last 9 cases. But the excellent correction of the primary curve
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causes a new problem of worsening spinal imbalance at the lumbosacral spine. In adolescent,
when the primary curve is located in the lumbar spine and the curve is severe, the compensatory
lumbosacral curve might need simultaneous correction to obtain spinal balance. The lumbosacral
curve should also be corrected by short fusion to preserve the mobility of the lumbar spine.

We devised a new operative technique of wedge resection of the vertebra forming hemiver-
tebra, for the correction of lumbosacral curve. Our new technique reported in this paper resolves
the problem that excellent correction of the primary curve worsens spinal balance, and further-

more has the advantage of preserving the mobility of the lumbar spine.
Summary

1) Surgical procedure of wedge resection of the vertebra forming hemivertebra for correction
of lumbosacral curve is described.

2) A well balanced spine was obtained in two cases of congenital lumbar scoliosis due to
hemivertebra by one stage simultaneous correction of both severe primary lumbar curve and
compensatory lumbosacral curve.

3) This operative technique has the advantages of avoiding spinal imbalance created by the

excision of a hemivertebra and preservation of the mobility of the lumbar spine.

congenital scoliosis due to hemivertebra. J. Jpn.

References Scoliosis Soc., 6: 103-109, 1991.
1) Fisk, J.R., et al.: The lumbosacral curve in 3) Kostuik, J.P., et al.: Treatment of scoliosis in
idiopathic scoliosis. J. Bone and Joint Surg., the adult thoracolumbar spine with special
62-A: 39-46, 1980. reference to fusion to the sacrum. Orthop. Clin.

2) ) Kokubun, S., et al.: Operative correction of North. Am., 19: 371-381, 1988.
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Fig. 1 Spinal osteotomy of Lindseth’s technique
(by Winter)

KEFECH L V=P oo v b 23S T 5 TR
HIBEE, MNEJR & & i3 Cro B X 2 M pedicle
MORMA TR S TS, 252 5 X b 2T D 14
DHEEDI, HBEOMMHE L fes e,

ABERFFT L - RS OB, 9 105 cm 02 Hic
RIEDHEE LTH bR, W EHC <, i
DA LIATD 2 S B 7O B HE 10 cm
DFRHE & & 1AL DB AIE DRI H > h T
%o FFEE T VAV DT OSSR, TR O [ B
[/ E RGN

XERITR ¢ Ly 2 TAMEE T 51585 C, B 93°, HEfLC
134° DIEY, Is B HERLZ D thad % LIRT D 2 5k o X5
L 75° THo e,

FoO o JEEAGL, BB A O BN R A
EUHEGIPANGTT, BT AR AT+ 5 s a4
Lo T—HE Lics b b o Mk (5 OB s



50 TRAY #6%5%1

Fig. 2 Y.K. 2.4Y Male

Severe kyphosis in lumbar spine with complete

paraplegia, his chest cage rested on his thigh in
sitting position.
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N i st
(Sep. 81
Kyphosis with myelomeningocele
before sursz.

Kyp, 134

Fig. 3 Case 1
Before surgery: rapid progress of
kyphosis deformity was seen after he
began to keep the sitting position.

B R
(Oct.’89)

2 Y after surg.
Kyp, 54°

Fig. 4 Case 1
After the period of loss correction,
his deformity is maintained almost
same degrees 2 years after surgery.
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Fig. 5 Case 2, 3.9Y Female

g

A: Before surgery severe kyphosis in sitting position
B: 1 year and 10 month after surgery
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B:

A: before surgery
133°

after surgery
Kyphosis 35°
Fig. 6 N.S. 3.5Y

By modified Lindseth’s technique, 75% of cor-
rection was obtained just after surgery.
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Wi Seilha) g
(Bug.’88)
Kyphosis with myelomeningocele
Reconstructive Surgery
before re-op after re-op
£yp, 757 Kyp, 33

Fig. 7 Case 2
Posterior hemi-vertebra of just upper the fusion
levels causes the rapid progress of kyphosis, follo-

wed reconstructive surgery by posterior fusion
with wiring.
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Vertebral Excision for Severe Kyphosis in
Children with Myelomeningocele

—Experience of 2 cases—

Nobuaki TSUNODA*, et al.

Two cases of severe kyphosis with myelomeningocele were treated by vertebral excision and
fusion by modified Landseth’s technique. Their ages at surgery were 2.4 years and 3.9 years old.
Their kyphotic deformity were 134° and 133° in sitting position before surgery, which were
corrected to 26° and 53° just after surgery. But loss of correction (19° and 23°) was occured
in both cases during brace immobilization.

In the later case, anterior slip of just upper the fusion vertebra was considered the cause of
loss of correction, re-correction (33°) was obtained by reconstructive surgery of posterior fusion.
With the RGO Brace and walking exercise, their curves have been maintained in 54° and 66°.

Several problems in our series will be disscussed.

* Tsunoda Orthopedic Clinic
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first examination

Moire’ topography| —

second examination

(checked by orthopedists)

third examination

— |X-ray direct photographing

Fig. 1 Method of school screening for scoliosis

No. of children
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.......... junior high h mal
4000 s ju::g: high :zhggll fenlleale
3000 4
2000 |
1000
0
1 111111111 year
9999999292939
8 8 888888 88
01 2345617839
Fig. 2 Number of school children with Moire’
topography
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Table 1 Scoliosis screening for school children

grade /year 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989
grade of elementary school 4.6 5.6 5.6 5.6 6 6 6 6 6 6
Number of children 6,890 | 6,983 | 7,483 | 7,956 | 4,030 | 4,059 | 4,012 | 3,832 | 3,437 | 3,703
grade of junior high school 1.3] 1.2.3| 1.2.3 1.2 2 2 2 2 2 2
Number of children 5,743 | 8,909 | 9,686 | 6,820 | 3,565 | 3,750 | 3,922 | 3,907 | 3,889 | 3,715

Total children of clementary school
Total children of junior high school

52, 469
53, 905

106, 374

Table 2 Scoliosis screening for school children

year student sex No: of Nal rec’ e of.med!cal Ne O.f x—.ray less than 9° | 10° ~19° | more than 20°
topography examination examination

e —— 26,638 1,799 315 226 81 6

1980 | school |female| 25831 2,132 415 338 154 21

1989 |junior high| male 27,055 3,055 676 443 198 16
school  Ifomale| 26,850 3,842 1,182 490 469 129
Numb
umber of 106,374 10,828 2,588 1,497 902 172
children
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School Screening for Scoliosis in Otsu
City for the Past Ten Years

Michiyoshi IMAE*, et al.

A total of 106, 374 school children were screened for scoliosis by means of Moire’ topography

on the first screening during the period of 1980 through 1989.

A total of 10, 828 school children were examined by orthopedists on the second screening.

Direct X-ray examination of the 2,588 children who were proved to be positive at the second

screening were taken.

Using Cobb method, 1,069 children had a scoliosis of more than 10 degrees and 172 children

had one of more than 20 degrees which need treatment.

Especially, 129 females in junior high school had curves more than 20 degrees, 6 males and

21 females in elementary school and 16 males in junior high school had a scoliosis more than 20

degrees.

school screening for scoliosis.

We concluded that the junior high school 2nd grade females had the greatest need for

* Department of Orthopedic Surgery, Otsu Municipal Hospital
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Table 1 Cost of the screening program in Ciba city

(per 10,000 students)

with screening program
without screening program
1981~1984 1985~1989
boy ‘ girl \ total boy ‘ girl ‘ total boy girl total
brace and surgery 51.5 | 621.8 | 327.1 9.9 | 201.8 | 103.0 9.9 | 104.3 55.6
moire and low-dose X-ray 48. 6 54.7 51.6 59.9 73.8 66. 7
others ‘ 26.7 26.7 26.7 26.7 26.7 26.7
total ma‘smﬁ 327.1| 852 283.2| 1813 | 96.5| 204.8| 149.0

cost-benefit ‘

| £x33.7‘ 338.6 | 145.8 | A45.0 | 417.0 | 178.1

3~ 4 B - T FAMBI8LE D 1 Bla ithic £ D 5 4
M4z 7el oo T % (Fig. 9).
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Scoliosis School Screening for Ten Years in Chiba City

Yoshinori OHTSUKA*, et al.

School screening for scoliosis named Chiba University Medical School screening program
started in 1980 using moire topography and low-dose roentgenography. In 1982, the number of
children screened in Chiba city reached to 130,260 which was the maximum for ten years. In
1988, 109, 312 children was screened by this Chiba system.

In 1980, 59 scoliotic patients with a curvature of more than 20 degrees were found, however,
the number of the new patients of scoliosis decreased gradually to 34 in 1989.

The effectiveness of this early detection was showed by the fact that three to four cases had
surgical treatment yearly in early period of the screening, however, there was no surgical case in
Chiba city for late five years. The number of children who were under the medical control
reached to 795 in 1984, however, decreased yearly to 327 in 1989.

The annual cost of this screening averaged 6.4 million yen. We reported the cost effectiveness
of this school screenig program in the 20th annual meeting of Japanese Scoliosis Society in 1986.

While the medical cost for scoliosis before the screening started was 51.5 yen per person in
boys, and 621.8 yen per peson in girls and 327.1 yen per person in total, average annual cost
including the medical and screening cost was 85.2 yen per person in boys, 283.2 yen per person
in girls and 181.3 yen in total from 1981 to 1984.

We calculated the annual cost from 1985 to 1989 and the average cost was 96.4 yen per

person in boys, 204.1 yen per person in girls and 148.5 yen per person in total.

* Department of Orthopedic Surgery, National Sanatorium Chiba Higashi Hospital
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Table 1 Classification of the cases

Group A the curve developed more than 30 degrees in the course
21 €ASES | ereereeeeseeeniieieniees Brace treatment (4) 21 cases
the curve ramained less than 30 degrees
Group B at the end of growth
19 cases | cereereeeeeseeeeeiies Brace treatment (+4) 16 cases
3 cases
Group C the curve less than 30 degrees
7 cases but the growth potential remaining
(%)
(%), 8 17
0.9 0.9+
< 0.8+ O----Scoliotic group 47 cases 78‘ 0. 8- O Scoliotic group 47 cases
£ 0.74 X ---Control group 22 cases g 0.7 o o X Control group 22 cases
1S 0. 61 o 5 0.6 o x x @ The mean age of Risser IV
5 % 5 x a 0. 5 X (Scoliotic group)
=05 x 8 o x 2 X
2 4 S & 0.4Hx x o
e x X
= —
< 0. 3 L 3 5 0.3 5 .
2 0.2 % 3 0.2 2 .
& 019 5 3 5 x x © 0.1+ }_Mizi{ ° % %
0= T T T T T o 0= T T T T T ? T
10 1 12 13 14 15 16 17 (years of age) -3 -2 = 0 1 2 3 4 5 (years)

Chronological age
Fig. 1 Comparison of growth rate between sco-
liotics and controls

At the age 10.5, the growth rate of scoliotic
girls showed tendency to be higher. However,
after 11 years old, the growth rates of both groups
were similer.
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(Pre) Menarche  (Post)

Fig. 2 Growth pattern and age of menarche (1)

The growth rate of the scoliotic group was
significantly higher than that of the control group
at the time of 1 or 1.5 years before menarche.
The mean age of Risser sign [ was found to be
0.8 year after menarche, and at that time the
spine was still growing.

(%) 4

- A
- 03 Q- Group A
€ 0.8 A\--- Group B
g 0. 7 A A X---- Control group
5 0. 6 x O ©
S .5 X ox
o = g ©° NS
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£ 0.3+ X Q
g 027 3
O 0.1 % Q

01 r 509 0o

T T T ¥R X
-3 -2 -1 0 1 2 3 4 5 (years)

(Pre) Menarche  (Post)

Fig. 3 Growth pattern and age of menarche (I[)
Group A: the peak of growth was found at
0.5 or 1 year before menarche.
Group B: the peak of growth was found at 1.5
years before menarche and the growth rate was
significantly higher than that of the control.
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Fig. 4 Comparison of growth pattern between
normals and scoliotics

Growth curve shows three patterns in normal
girls and scoliotic girls. In a few cases with sco-
liosis, the growth pattern during puberty showed
two peaks at the time of pre and postmenarche.
(right-middle figure)
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4) RO E =7 BRI 2 M S h s b Dpb
D, IEWRCXIRN A% —vTh ot

3k

1) Bjure, J., et al.: Correction of body height in
predicting spirometric values in scoliotic patients.
Scand. J. Clin. Lab. Invest., 21: 190-192, 1968.

2) WA ¥, b BENZEC ST s TR 2
WOBIGR, il s EE, 32 2420-2423, 1989.

3) Leong, J.C.Y., ct al.: Linear growth in Southern
Chinese female patient with adolescent idiopathic
scoliosis.  Spine, 7: 471-475, 1982.

4 BWEEIL b BENHERET 2 - viclT 5
WEE (% 3 0. /N VB {3 f WFJE, 29: 259-263,
1972.

5) Willner, S.: A study of growth in girls with
adolescent structural scoliosis. Clin. Orthop.,
101: 129-135, 1974.
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Correlation between Spinal Growth and Curve Progression in
Reference to Menarche in Adolescent Idiopathic Scoliosis

Hiroshi HAMAMOTO#, et al.

The purpose of this study is to elucidate the correlation between the progression of the curve,
spinal growth, Risser sign and sexual maturation in reference to the age of menarche.

Forty-seven girls with adolescent idiopathic scoliosis were reviewed. These girls had visited our
institution before or within one year after menarche and had been observed during the period
more than two years. They were classified into three groups; Group A, the curve was more than
30 degrees in their course, Group B, the curve was less than 30 degrees and growth had stopped,
Group C, the curve was less than 30 degrees and they were growing. Closure of the medial side
of the iliac apophysis was checked for the Risser sign 4. At each visit the length of the spinal
column was measured along the curve at each visit on a standing X-ray film from Th, to S,
and their growth rate per month was calculated. As for the control group, girls with poor posture
and a curve of less than 15 degrees were used.

The mean age of menarche was 12 years 11 months in all scoliotic group and 12 years 10
months in the control group. The difference between two groups was not significant. Until the
age of 10 years, the growth rate of the scoliotic group showed tendency to be higher than that
of the control group. However, the growth rates of both groups were similar after the age of 11
years old. In turn, the growth rate of the scoliotic group was significantly higher than that of the
control group at the time of 1 or 1.5 years before menarche, and after menarche there was no
significant difference between the two groups. The mean age of Risser sign 4 was 0.8 year elder
than the age of menarche, and the spine was still growing.

In group A, the peak of growth was 0.5 or 1 year before menarche. In group B, the peak
of growth was 1.5 years before menarche and the growth rate was significantly higher than that
of the control. In a few cases with scoliosis, the growth pattern during puberty showed tow peaks

at the time of pre- and postmenarche, although this pattern was never seen in normal givls.

* Department of Orthopedic Surgery, Osaka Medical College
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[FL&(S

(R ML AR % D A ORER & o7, [ LS
FHEh X5l -TEl, Sabhbhil, REHA
CLifi & gl cell saver ffi iz X b, & & % C R 0
T S5 HHBET L, HOIRIRATE B il 5l b FE
B L THELE LI,

MR EFHE

1984 DFEBELISR, M EHC R\ TR it A 2 7o il
BEE2SHE, SITTH D, MEHNE BN 4 Bl k2140
TH D, FHRRFEME, 10580 H625%, FIH24. 85 TH
.

e, FRRYELTH, SRk 2 #, neuromuscular 1
B, HPREARAEIESE 8 ¢, Marfan JEER 2 ICH - 7o,

HaAT S A teiiy, BT AR O #1l, ARUTHkHR

FAl5 1061, WGBS EUEFEM 6 ITHD, BT
Zielke V.D.S. 13 i, TiiJ7 AL 2 T4, #HI7wk

1%, Luque SSI 1 F4f, Harrington I. 5=F4f;, Cotrel-
Dubousset I. 10F4fTH - 7.

ISREGNC ARz R L CRIEL, o )b
B, EBICIYEFNCIRR cell saver % A= [al [

Iz FH L 7.
EOFFEM G 1 A H i & iy, 1IEMIE LT
FLOTHELL.

R, AEFNIC s\ T normotensive anesthesia ¢,
BRI B HES AN il 72 AR U 7, AR A oD TV Hb.
8.0g/dl % HERCHI & L TERENT - 72,

HE G2 B T3P iy 3 BRI TR L, 37g
bbb, RAFECIL, ds XM E I E bl H L7

W 1 R L R SRS O B O A B

Sfed Ox AR (OREFD, RAEASMOAEHN LD
D% BAE C4RERD, AT, I XOEIECIH &
DI L b 0% CRE ALERD & Lic (Table 1),
AT P A O B IS, JEGI O AR
RS E T, ThCHOCFRAAPBB s D1
o, [EGE 1 HES 7o b CHA T & A FE L

w R

ARE U SF g MY i e 1,307, 1 ml, St [ A0 1
1,000.0ml ©aH b, [EE1HEH D Tik Hild: 237.7
ml, [A)fE (G i 181.8 ml TH - 7e.

B BEVESE ¥ i1, 115. 0 ml, S 44 R i il ifi-5:300. 0
ml, SEEATRT R A G 516. 3 ml. [\ 1HE B 72 b
TUR M 259. 3 ml, [F)fE (g i 69. 8 ml, fRIFEC
Mgy i 120. 0 ml G it o> 37 %5V A Ff il FFH L 7e.

C BRI H M2, 210. 0 ml, SF 447 ff 106G 11 5 309. 0
ml, SR R AT F CUfiL: 567. 8 mil, SE4lTrhlali [

H922.9ml [E5E 1 fED 7 b TR 269.5m/,
[F) AL AL 87 7 ml, A Ay M 69. 1 ml, [a]y
[ Ll i 112. 5 mid -c i o 17 % v [ 1A 7
L7c. L» L CRECRMEIMA B E Uik Marfan fif
R P 5 FE double curve o 24EFIZTTH D, #
JiFiRo WIS Eh L 3,700 ml, 4,560 ml L
DD TEM T, &0 2 Gl% Bk < 4R ENE § < i E
E MDD oI 164.9ml TH b A BEDERE
PESREGI > 144.4ml L oR%7e <, ARG T L
75 -t (Table 2),

i dEl | Qs B T RECC R T, 120~3, 320
ml Sy 922.9 ml, [AlLR65. 6% T - to. MipIEGe
IS REREE 7e & D S PIHEILA D ILieds - 7.
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Table 1 Summary of patients

case :Lge at | gex diagnosis magpitade of | sgieal fli(s)éd()f It:)l;)sOd g;;(zgi't ;2{:225 R)Ogrggg
urgery scoliosis method* segment| (ml) (ml) (md) (mi)
—group A—
1 46 F N.F. Ty-Lj: 15° S 6 3,900 — — 3,000
Eli 470 — — 400
2 24 M idiopathic T,,-L; : 40° 7 4 2,390 - — 2,000
3 10 r cr Ty -Ls :125° L 14 1, 460 == — 1, 400
4 16 F idiopathic Te-Ty; : 49° H 9 650 — — 400
5 59 F congenital L,-Lg @ 53° H 4 1,276 - — 1, 000
6 62 i idiopathic To-Ls : 55° Z 5 1,100 e — 800
7 33 F idiopathic Ty-Ls : 54° Z 5 420 — — 600
9 23 F idiopathic T;-Ty, : 34° 7 4 350 — — 0
10 20 F idiopathic Te-Ls @ 61° C 10 620 — — 400
12 11 F idiopathic Ty-Ly @ 44° 7 4 435 — —
—group B—
8 48 F idiopathic Ti-Ly @ 38° 7 5 1, 080 820 — 0
H 5 406 0 — 400
11 13 F N.F. Te-Tyo: 65° C 7 715 800 — 0
13 60 F congenital L-Ls : 53° 7 2 1, 245 345 — 400
H 2 759 0 — 400
14 14 i idiopathic Ty-Ly @ 30° Z. 3 255 100 — 0
I
—group C—
15 11 F Marfan Ts-Ty @ 99° Z 5 1,509 0 — 600
T,-Ly : 71° C 5 3,700 200 1,362 1, 490
16 15 ¥ N.F. Ty_y; :125° S 7 1,550 410 480 0
17 11 F idiopathic T5-T,, + 54° C 8 1,570 600 400 0
18 13 F idiopathic T5-Tyy : 69° C 8 896 600 330 0
19 19 ¥ idiopathic Ts-To: 49° Z 5 385 400 150 0
Ty-Ly : 61° C 11 1, 300 480 480 0
20 28 F idiopathic Tyo-L4 @ 38° Z 4 465 200 220 0
21 18 M Marfan Te-Ty; : 86° Z 5 2,040 400 1,100 0
Ty-L, : 91° C 12 4, 560 800 2,220 1, 000
22 16 F idiopathic Ty-T; : 50° C 13 2,640 550 1,570 0
T,-Ly @ 53°
23 19 F idiopathic Ty-L, : 45° 7 4 370 600 120
24 14 M idiopathic Te-Tp: 587 C 9 1,535 400 1, 000 0
25 17 M idiopathic Ty-Typ: 48° C 9 1,790 600 720

* S: strut graft, Z: Zielke instrumentation, L: Luque SSI, H: Harrington I., C: Cotrel-Dubousset I.

FEREPEMENE, 45 Ty, 54)%C¢ CDI #Jifr L.
WL 18 S L e 200 ml 1L, - 600ml »
UEfN7) (Fig. 1) 11k Zofh: U7, iy 1,570 ml & %9 o 72, flirplallii

FEFI 27
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Table 2 Summary of statistics
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group A group B group C total )

[idiopathic] [idiopathic] [idiopathic] [idiopathic]

no. of patient 107 [93 4 [ 2] 18 1 25 [17 ]
M./F. 1/9 [ 0/7 1] 0/4 [0/2] 3/8 [2/6] 4/21 [ 2/15]

no. of surgery 11 [7 2 6 [ 4] 14 [ 9 ] 31 [ 20 ]
av. age at surgery 30.4 [ 27.0] 3348::[:31-0] 16.6 [ 17.2] 24.8 [ 22.9]
av. no. of fused spine 6.5 [ 5.9] 4.3 [ 4.0] 8:2. [ 8.8] 6.9 [ 6.8]
aig. yalyme: ofplocd loss 1,307.1 [852.1] | 1,115.0 [870.5] | 2, 210.0[1,368.9] | 1,673.6[1,097.5]

(mi)
av. volume of

homologous blood (ml/) 1,000.0 [600.01

av. volume of preop.

deposit blood (ml)

av. volume of intraop.
salvaging blood (ml)

300.0 [200.0] 300.0 [ 0 ] 571.6 [270.6]

516. 3 [460. 0] 567.3 [553.8] 332.2 [314.7]

922.9 [623.8] 406.0 [293.5]

av. volume of blood loss

per one segment (ml) 237.7 [144.4]

av. volume of homologous

259.3 [217.6] 269.5 [164.9] 242.6 [161.4]

per one segment. (ral) 181.8 [101.7] 69.8 [ 50.0] 3.7 0 ] 82.8 [ 39.8]
av. volume of deposit
per one segment (ml) — — 120. 0 [115.0] 69.1 [ 66.7] 48.1 [ 46.3]
av. volume of salvaging o o =
FE Gnie BegrnecE (ol — - 112.5 [ 75.2] 58.8 [ 43.2]
no. of patient using 8 [ 5 ] 2 [ 1] 2 [ 0] 12 [ 6 ]
homologous blood
(%) 80 [ 71 ] 50 [ 50 ] 18 [ 0 ] 48 [ 30 ]
rate of homologous blood for
total transfusion (%) 100 [100 ] 37 [30 ] 17 [ 0 ] 44 [ 31 |
; deposit blood : =600 ml/
’ = 64 0 22 0
5 [ o] [ o]
; deposit blood : =600 m/ 25 49 15 0
. [49 ] [ o]

H: 400ml TH o Ao, ATHTEIIIE O il & AT B 23 3 #E &
Hle o e & TR I AR O HEIMA L B vt Ay, [FFR I
LTk - 7.

GERILs)  (Fig. 2) 11% otk

Marfan JEFERE (&% 37.5kg, 45 Tsoyy, 998E, /2
Ty-Ly, 710 o double curve ¢ Zielke V.D.S. »
CDI % Jitifi Ute, ASFTE o> 7o ity 25 R <5
D, 200ml OZFLM TSI, g R AT 20 %
1,509ml & 3,700 ml oz} 5,209ml », LK
DY oTe, DT 2,090 ml o RN ST U,

£z %

VAR, ARSI 2 EEAsEE hoob b, &
Y I 232 & T A ENETRMRIC S W Tis o

FEinABE 2 5, AR~ 2 207 7 = —
FREXLLND, LM R AL T I R R
DAY,  FMFH DS & FMEAM O dasic X5 H
MFEDERTH 5. H 2 FMABTOEET tbb, H
CLLF MDA TH %
1) SEACmEMIEDNT

W M 2 X5 H B 3@ B RAFENLTH D
FeA e L AT A5 TH B8, MEMRTRGE] & B %
UKo L, FEGILSD X SICREAE 2D
D, EAEEOREGCRAMTHIFMAE b > THETH -
T, UEEREREL L OFEAD B OO, BfEEER
W B s <, SEIOEFCIEFE_BTE a7 L
I LEMC 7 BIFMA T RE & 7e B icd, Kairiliss
DIIEFIC S > L BB LT B EEZ T 5, [
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- - T Sl — .
Blood loss 1570ml  Autologous transfusion 600ml intraop.salvage 400mi
Homologous blood Oml
Fig. 1 Case 17

rfan syndrg

Blood loss 5209ml Autologous 200ml intraop.salvage 1362mi
Homologous transfusion 2090mi
Fig. 2 Case 15
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FI MR Y (218864 IC R £ X M CTLURIE IZE . &
PHEDS PIloREEIC DIC fo Kb bhiiesd, BIETI
RN X5 T 5. 7K O il b I 1
S 7o bF M40 d b FEL i, YR, W
PRI g & g E S g & o Bf 2 Bl
ST MECAITH D L FEXFML T Ek,

A e (B, C #0) o ik, Al 1 HEmELLP
TORRIMBYC,  FE IR LE] N3 5 Ea 23 % B i
fo. X 2T, BRI ALOR BT LT F L s &
E 2 M MR S Lick 2 A, iyl 600
ml FEEEC b AR R 23 - e, & i cell
saver LA C [ i I o A Uiz,

2) BREREQUEESTO 8 C mikn

MEHETFN L2 OBW 4K D magnitude L flexi-
bility & X b i SN2 e b PRI & —E T <,
L XIS F M A B L LT RTRFFICR S & &3
L\, 2 & CRERPEMENE S CIE A3 5 & CRED IS
VUSRS 8 BT, U381 Hs 70, SEI453. 45T o
S1eh, FTNTCOEFICRFEMAY BHHEE Uichote, —
77 AREDOFRFEVEMESRE 7 B eb 5 41 7C U [FAf i 2 ji 1T
L7z, F7edbb cell saver fii F & ity i 600 ml <,
TORELLT O R MEMERE T AT ds Tk, (R gy i 23
il c& % &F 2 bk, Sllbibiud K ILERR %
FIH LUl otz. Licai-> T, BN AD SGEEC X 5[
Tl g PR AR Bt c & e & Bbh s, L
UARIAURE R OF VR, & B H I & g 1l o A ic
FHThHHEEZEZT D,

3) EEFHEEAOER

WDk S [ S i & s A S i & o ff i
b H v b AR M A 8 & U7e 2 5EGIE, W Th
4, Marfan JEERCEES TEED double curve TH b,
i & i 100 L DM TH - 7o, Fie, KHE
ED &M g b s BB EG S 5%, DX 57
FEERGINCIZNDNESR, 3 Fdo b (S ML HE BRI it e ks
MR T e 2t L Bbh b,

LD

1) METhifr Lie, JIEETMIC KT 5o EN
% 3 IS B L e,

2) s E Ui &m0 F g i & o B BRC 3
WC, SR R A L,

3) 600 m! DFFTHCIR AT & cell saver b ol &
I X % |CUmERIMT, 70 BELLR o Fr R RE O B
vk, TR IR A B IR T & B L ki

4) TORELL Lo (s SRR BT, B H O R AT
Te LMD A Nz BAERD B e,

3k

1) Joseph, C.F., et al.: Intraoperative autotransfu-
sion in spinal surgery. Spine, 7:432-435, 1982.

2) MWK, it FHEEHTFROKM L 7 v — 4,
[ ¥ s, 120 695-703, 1977.

3) /B, b MK ERRER T, BRI X5
BAMERFR, s, 16: 918-926, 1981.

4) Thomas, E.B., et al.: The use of autologous
blood in patients undergoing surgery for spinal
deformity. J. Bone and Joint Surg., 69-A:329-
332, 1987.
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Prevention from Homologous Blood Transfusion
in Scoliosis Surgery

Masaaki OHORI*, et al.

We have tried to use banked autologous blood and blood from cell saver instead of homolo-
gous blood transfusion in scoliosis surgery. The series consist of 25 patients who have had 31
surgeries since 1984. An average age was 24.8 years (range, 10 to 62 years) and the spinal
deformities were idiopathic (17), congenital (2), N.F. (3), Marfan (2), neuromuscular (1). The
surgeries consisted of 9 anterior fusions, 10 posterior fusions, and 6 combined anterior and posterior
fusions. Procedures are as follows: Zielke V.D.S. (13), strutgraft (2), Luque SSI (1), Harrington
I. (5), Cotrel-Dubousset I. (10). The series devided into following 3 groups:

A group: banked autologous blood (—), Cell Saver (—) 10 cases

B group: banked autologous blood (+), Cell Saver (—) 4 cases

C group: banked autologous blood (+), Cell Saver (+) 11 cases

The average volume of blood loss per one segment was 237.7m/ in A group, 259.3m/ in B
group, 269.5m!/ in C group respectively.

The average volume of homologous blood per one segment was 181.8 m/ in A group, 69.8 m/
in B group, 37.7ml in C group respectively.

Two of eleven cases in C group required homologous blood. Each two case had severe rigid
spine deformity due to Marfan syndrome.

Remaing eight cases in C group were all idiopathic scoliotic patients who have had no
homologous blood transfusion.

Five out of seven cases of idiopathic scoliosis in A group required homologous blood transfusion
averaged 600 m/.

The average recovery rate of red blood cell from Cell Saver was 65.62%.

Therefore, banked autologous blood and Cell Saver have prevented from homologous blood
transfusion in idiopathic scoliotic patients even under normotensive anesthesia.

Any complications were not observed with this program.

In ordinary scoliosis surgeries, 600 m/ of banked autologous blood combined with blood from

Cell Saver is enough to prevent from homologous blood transfusions during surgery.

* Department of Orthopaedic Surgery, Koshigaya Hospital, Dokkyo University
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FL&IC

R X 5 A 0ME & LT, L a2 it
LEIFLLONDTERTNBY, bhbhil, Th
BOEPHER FEIT A0, WEFISALE LU S ML FE
Bide Vs, DAES, sl E gy 77 - Cc& e, &
b, I CEINREZEATS L kb, RGN
DORH WA ST ERSY Sl i & EIREE
PFF L fe B g I A i i 9 %

R

TERISAAE & 0 SR 1 4F & T IIEFES2 BN 6 L C Rl
AT, 205 BR2FNCH AT, chbx
PR & LU, sk & BUGE DFH Licd o
TOBITHD, ThEAGRAREE L, Mo 2 Huv
Teb OUEFITH D, Zhvw BIFIIHE 3 L OV Bl
W ighs - 72150 CHM (=) FEe Uiz, ADHHRE
vk, B2 B, otk T OIC, ARl 11~18 5%, P 14 5%
THhote, BWNE, FRFEME6, BRME2, XKtk 1fc
Bt ik, ARECIL Cotrel-Dubousset 3 4 {4,
Zielke ¥ 3, Harrington 3 2 #]. B . C Jif T2,
Harrington #J: % FR 136, 9@ITH - feo.

7

Wik, —MANCELL T D Z & {7 %, Pl 4 4
12 400 ml D FRIMA TV, BATHT 2 Hic 2 o 400 % B3
WCRLUIcHR, 600 ORIA T 5. S bic, Flfil i
200 Z £RIIUfRR: 800 ml & LT\ %, Hirik, [
M7s UCFMiafro> o &% HEE &L, KX% 1,000m!

* U YA SR

DA 1T - T %,

[, haemonetics cell saver VA {4 L, Weo |4
X h -~y v (e 500 ml o L~~% ) v 15,000
AL P IR T Loo, W[ 15 cmHg Cfy
o te R AR MRS 2 1702, Ffiie=20 v 7%
PR L=,

w R

FRHC IR D i, freihy, EURE, s L O
[FFEG L DA% Table 1 1253, A OHHEEOMip
Ul 1, 744 mil, Jiifds: 878 mil, [EIYIfidy: 679 ml,
[F) fiigy (L 222 ml C & - 7o, ARED %#4fi3 Tlx, Cotrel-
Dubousset Tl zh g 1,975 ml, il
4 975 ml, [a|R Ifitdy 920 ml, [ ffig 11 450 ml, Zielke
BT FRFR 1,450 ml, 933 ml, 490 m/, 0 ml Har-
rington Y CliEF R F i 1,450 ml, 600 ml, 480 m/, 100
ml T ofe, BRFMEETIE, flirplims: 1, 308ml, Jiy

i 889 ml, [AfffHIMEL 328 ml, CHCM (=) FET
v, eI 1, 877 mi, [ ARG I 1, 800 ml TH -
7o, AR IS 3 S AR M o Ry, AP
1212.7%, BFIMRENL 24.7%, CHZIM (=) Bk
95.9% Cd -7z (Fig. 1. ADHARE 9 Biirk 6 Flv [Ffiig
Mi7e UCFEMizfr 5 & Lt (Fig. 2), fio 36Tk
P 660 ml D[RRGS LI TH - 7. BRFIMAELS
Bk, 7 HNXRMERLL L TRENiRITS Z ENTE,
fibod 6 GICIEEY 700 mi o [RIFRE 2L BT H - 7
cHOM (=) FEDISHIFR 1 G, Hildks A is < [FfE
Hif7e ULCH - 7ehs, o l4fTixaty 1,800 ml o [F
TR A BFETH - Te.

BN X B A0HE & LT, BHERE « &g - (575
BEIE « FHE 7 E AW T 523, S EOFEFIC s
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Table 1 Average volume of intraoperative blood loss and transfusion (m/)

transfusion
group (No. of cases)| blood loss stored salvaged | homologous
blood blood blood
A: blood storing -cell saver 9 cases 1,744 878 679 222
CD* (4 cases) 1,975 975 920 450
Zielke (8 cases) 1, 450 900 335 0
Harr ** (2 cases) 1, 450 600 480 200
B: blood storing 13 cases 1,308 889 323
C: no autotrans-fusion 15 cases 1,877 1, 800

* CD: Cotrel-Dubousset
*% Harr.: Harrington

100 %

—Homo | ogous blood

Group A B c
Storing  (+) (+) (~
Salvaging (+) =) (-

)
)

Fig. 1 The rate of homologous blood to blood
loss

TR ED X5 e BOHE b 78 < #BRIFCH -7, %
7o, i Ht, Hb oZbTix, ik —Ic (s
TL7n, itk 4 ko d R Ui,

AR, BIACR T, RIS L 72 9 6C b i
Bl ge s & DG PHER LD - 7.

z =B

I £k 5 AOHEE LT, MMEIT 4% 1L U oiE
2 DB DORBF LR TBH, HEMERMOME I X b
THBEBFIELS 5 X510 o72®. bhbhd, S
REFHAIC I\ T 2 BlOMMAIT 2 FER L TL 508, &
NOETR 3 A 7@, WERISAE DU XKML E K2
VW, DRI R T > CT&E . EBITRIT T, B
FEATLHZ LIk, FAffHLoRayE, &2 T &
7z,

IR D A 7 & 0 —CDWTIE, bbbl s O
JikERCTE D, WRHAKEDO ACMAFERT S &

Fig. 2 A 13-ycar-old-girl operated with Cotrel-
Dubousset

1, 200 m/ blood was stored preoperatively. Intra-
operative blood loss was 2,300 m/, 710 m/ blood
was salvaged with cell Saver. Homologous blood
was not required.

NTED., JIEEFEMY, FTEFNTHLOTlD 7
BT ARITRTWFEAD DY, T O, o
FeHFEMERFRIIND LS KERD D, EbIC, 4
HRBIC L > QA HR S h b 2 2 03b 5. bhib
AL FIG & LT, A fRERRIFC© Ht 35% L)
b, Hb 18g/dl P Ex HZC LT %, %7, flifio
ZHIREDO T LA R X 5 TalE oy, BT e h
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e by, BB XroimEz FH LMD 7 » 25 A
T, I EAihoHMEE FRLDNCEI 252
ENHEETH A,

W o Zcd A 1,000 ml i€ HiuE, [
il U Pl v 5 55, B EZ O Lcsa
X HIC 400~500 ml s HIMICK L TH AL 5 5.

£ L&D

1) UBHETM 9 gl U, frimak & ks A
e | I LA 17 - e,

2) PHAGI9 Bk 6 4, JEilaod ATl 7 g
BT, MM LCRERAIT & LN TE k.

3) HifEAs 1,000 ml fiif % <k, Mo Tkt
ML 5 BHHs, EIEE AT 2 2 & T, & 51cd00~500

ml ¥\ IS L Th AL 2 7.

Xk

1) % AHE o WL U Rk SR & i A & o> A
B L O MIT R TR ST o T I &,
28: 470-472, 1982.

2) /N, b o (L FERRER R, AR AE GURRE 9.
fade s, 16: 918-926, 1981.

3) K%, Al : IEIEITFH I 30 1 B iy i 5K 3 EHIX
K AT MR o fEE, B R, 1:50-53, 1988.

4) KR, b e, RBIEFEA W B 0 D
X FINR AT @M. BCmgi, 2: 56-59,
1989.

5) EWITIIE  Fa L AT, RSB, 43: 351-
356, 1988.

Preoperative Blood Storing and Intraoperative Salvaging
Autotransfusion in Scoliosis Surgery

Kohji OHYAMAX*, et al.

Blood transfusion may introduce the risk of serum hepatitis etc. These risks can be avoided

by employment of reserved patient’s own blood. The purpose of this paper is to report on the

advantage of combined methods of preoperative blood storing and intraoperative salvaging autotra-

nsfusion.

Nine scoliotic patients, two boys and seven girls, were evaluated. The average age was 14

years. Cotrel-Dubousset instrumentation was performed in four cases and Zielke instrumentation in

three cases. Blood was started to collect 4 weeks prior to surgery, 700~1, 200 m/ of whole blood

(aver. 922) were stored. During surgery blood on the operative field was salvaged with Haemo-

netics Cell Saver [V, while stored blood was reinfused.

Intraoperative blood loss ranged from 500 to 2, 600 (aver. 1774) ml. Postoperative blood loss

ranged from 140 to 1,000 (aver. 581) ml. Salvaged blood volume ranged from 200 to 1,310

(aver. 680) ml. Operation could be performed only with autologous blood in six patients, and

homologous transfusion volume decreased in the other three cases. All of nine cases have had no

complications related to blood transfusion.

* Department of Orthopaedic Surgery, Yokohama City University Shool of Medicine
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BTG IEFANC 38 1) % B U O il 2 T B4
52T, WhHit=x) v 730 ADLDOTHS. T
KEFCULITIELIE, AN - Fririshe X 5 (R
BFARE B (LUF conductive SpEP) 4 Fgdt L, i
T DAL 7 WGy ORI R R & UCHliie = 2 )
V7 HFTo CERLSY, ST E BT, SRS
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TE,

MRS LU HE

REGuE 242 f R, 270 Fflich b (Table 1, 2) {fis
DR RERFEMED 13361 E b - & 4 <, FeFimkix
segmental spinal instrumentation (SSI) 73106 5] & 3
ol Ehote, FHED S B, TOMOIES2FNILHE
SYIERT, WITBRIERE AT X Ot Zielke #7n EavG &
iz,

TR B B & U R conductive SpEP
Al K BRI CRiER L, JERIC X o Tk B TRETERZ
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Table 1 Classification of scoliotic

patients

Diagnosis No. of patients
Idiopathic 133
Congenital 51
Neuro-muscular 20
Neurofibromatosis 22
Marfan syndrome 9
Others 1

Total 242

Table 2 Operative methods of monitored
surgeries

Operative methods No. of surgeries

Segmental spinal instrumentation (SSI) 106
Chiba solid rod instrumentation (CSR) 52
Spinal osteotomies (SO) 44
Harrington instrumentation (HI) 36
Others 32
Total 270

& 3

1) frEiE S GHE

MR DHE R 2700IrR 266 (9.6%) Wwidwte,
D5 B, SERXMIE 2§, IR 4 6%
L O DAL 20BI T B o T, —hHE DA
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Table 3 Classification of peak amplitude change
during surgery (spike component)

Group I within 20% of control
I transient increase or decrease more than 20%
Il persistent decrease more than 20%
NV persistent increase more than 20%
v

disappearance of the potential

Table 4 Results of the amplitude change in
cach group of various surgeries

omethod| ssI CSR SO HI Others | Total
1 67(2) 40(4) 42 30 20 199 (6)
I 16(2) 2 0 4 5(2) 27 (4)
g 191 71 2 2 4(2) | 34(10)
v 4(3) 3 0 0 0 73
v 0 0 0 0 3(3) 33
Total 106(14)  52(5) 44(0) 36(0) 32(7) | 270(26)
() ——cases with neurological complications
SSI —— Segmental spinal instrumentations
CSR—— Chiba solid rod instrumentation
SO —— Spinal osteotomies
HI —— Harrington instrumentation
LUk, BRRICR LT Y ) E Y & LR R D

paresthesia Tk b, MEHIWC —$% LT B 5008,

PR, AT L i B B pl & S h
7o, Wi % dermatomal type, #¥% cctopic type r
ToHE, RO BF e 1 HIAER< 19 fifrf, derma-
tomal type 114, ectopic type 8 f4|Ca - 7= (Fig. 1),

2) AN 7y OiRIEZEE

FF AP O A A 7 RO IRIEZEAL & Rt e & OFESE
Bl 4344 Table 4 127554, Harrington instrumentation
(HD), spinal osteotomy (SO) i A OFEREHI 1% 7 <,
HI 3 B0 5 IRIFIEF O RIE X C iR Th -
7. SSI ¥, CSR P & PHELIE 18411 paresthesia
THY, ASA 7 PO TRGID 6 (125
nrc. OO FMLE RN S i EGICL, fiifid b
TR R LY R LT bon% L, A0HEXET
T2 7 G 5 G TR A R Ure, VEED 5 % 2
BILSEARH LT - 12,

JRIFAC T o critical level i34 5 AT, ks
L OV REDITHRT DT, AN 1 % #IEREIR O 45 fiE
PNCIRIEIS TR A 7 = o b Uie (Fig. 2). i fhiess
R g o T RETUL, T IRFOIETERE02 DL 1T 8 vk
AP AOHER L e, Zhuewf LT, 50% il Tk 19

<F
o

H1E 1991 79
painful paresthesia
— total 19 cases —
~
t/ 7{ §
dermatomal ectopic

paresthesia paresthesia

11 cases 8 cases

Fig. 1 Postoperative sensory disturbance

itk 3R E et o e, HOHEDNEE, Wi Tl32
ZoASTF GRS — IR T S B R A 52 L7e s, ik X C
paresthesia DL TH - 72, BETIL, K TIN6TY, 75%
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3) ZHMERS DIREE(L
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DOWTHEH L7e (Fig. 3), Ectopic paresthesia % 5L
7odEFIY dermatomal paresthesia OFEFIC T, it
KIS TR, T RO & TR A & 7R
L.

4) FEFIHE
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REEGICH 5. Tk, quater vertebra GIFRE, iR
[Fds X O X A a5 E 4 it L7z, Conductive
SpEP %, FFEEFISERHTT OHEMBOC A LR X b
RegE Lic, JEERTH B2 v b r = LT, R
WD RN A 5 4 2P HE BRI, Zhaihit
LLTE=2—%{To7 (Fig. 4), 14K 53 43,
vertebra OIFHIC X D 5T O FfE 2 b 7o A%, 1501

s JEMERS ORI ITERIEAC ZEIR A - 1 2 o D3R L
ﬂTHiT@@iE&BhK#oL# FRIEELE ]
ﬁk D Mgl W CTUIRIFIER OEMAEE S h
fo, fEER, —RHIC IR AR A 2 LS, R
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A. cases without preexisting
neurological signs.

100

B. cases with preexisting
neurological signs

80

% amplitude
a
Q

0
(%) control maximum decrease endof  control  maximum decrease
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100
80
50
Fig. 2 The amplitude changes of group
Il and V
There were high incidence of
0

postoperative neurological compli-

surgery cations in cases with reduction of
T 1 9 e
0—o cases without neurological complications amplitude more than 50% of con
- cases with neurological complications trol wave.
(% cases with deterioration of the motor function)
(%) control maximum change end of surgery “ r R.O. 12y. f.
1504 f l150 |‘ ‘
f . 7T 13:00
I Fd control
\ /7 |
RN 4 /
| 7
1251~ 125 | 14:53

+100

% amplitude
i
o
o

75 75

50 50

o0—o dermatomal paresthesia
o---® ectopic paresthesia

Fig. 3 The amplitude changes of polyphasic
component and postoperative sensory
disturbances.

resection of the quater vertebra

15:15
| during anterior decompression

Vo= | 15:40
intradural injection
’ of 0.4mg Naloxone

1 [
\ 4 | 16:00
. i end of the surgery

v 4
\ 7 |
7
|
16:50 “,»
SPEP elicited i
by posterior tibial nervé stimulation v
i i
|

’ 10msec

Fig. 4 Case 1, a twelve year-old girl with
congenital kypho-scoliosis. Anterior
spinal syndrome was revealed posto-
peratively.
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Fig. 5-A Case 2, sixteen year-old girl with idiopathic scoliosis underwent
segmental

spinal
revealed postoperatively.

N 12:20

control

SN 1228

T4 wire passed

4N 12:46
- \sprmrmii 8 i
R 30Kg distraction

4N 1389
Y Ts wire passed
50uV

S5msec

instrumentation.

Ectopic paresthesia was

idiopathic scoliosis Y.H. 16y. f.

14:12
T wire passed

~ON—

i

~ i 14:31
T all wires tightened

14:47

4_/\:"/\“/———— end of the surgery

Fig. 5-B SpEPs during surgery on case 2
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145315, TJE distraction H3~XC D v 1 ¥ — A fikt

T % &, BN O3 W T RIF IS F 233 b (Fig.
5-B). ik, WA rhuOiC B — 3L Lg\ s pares-
thesia JYHEL U7ehd, 91 8B CH4% L. B2l
DIRIFZA(L & ectopic paresthesia 0 BIFRASRIE X e
JEFITH 5.

z =

1971E LI, T ERIYINEF I3 4 BEFEHE - FRBET
M I BRI BRE = 2 0 v 7 & LT, Eiciiilioe
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X %47 conductive SpEP % Fugk L, Mz oHM
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Spinal Cord Monitoring Using Conductive Spinal Cord
Evoked Potentials during Surgery for Scoliosis

Masazumi MURAKAMI*, et al.

Spinal cord monitoring using spinal cord evoked potential (SpEP) elicited by strong-intensity,
direct spinal cord stimulation has been performed in Chiba university hospital since 1971.

During the past 18 years, 270 patients undergoing surgery for scoliosis were monitored by
this method. These operations included segmental spinal instrumentation (106 cases), Chiba solid
rod instrumentation (52 cases), various osteotomies (44 cases), Harrington instrumentation (36
cases) and 32 miscellaneous procedures.

The relationship between the changes in SpEP amplitude and postoperative neurologic
complications was studied. Twenty-six patients had postoperative neurological complications (2 with
paraplegia, 4 with incomplete spinal cord injury and 20 with transient sensory disturbance). Two
patients with paraplegia showed almot disappearance of the evoked potential. There were no
false negative results in patients with postoperative motor dysfunction, but some false negative
results did occur in patients who had a slight sensory disturbance postoperatively.

Postoperative sensory disturbance was classified into two groups: type [ in which an area of
paresthesia corresponded to the distribution of a dermatome, and type [, in which paresthesia
was irregular and nonanatomic. Eleven cases were type | and 8 cases were type . Type I
paresthesia is considered to be due to dorsal column injury.

In conclusion, conductive SpEP is very sensitive and reliable method for intraoperative spinal
cord monitoring. In the patients with normal spinal cord function, a 50% reduction of the
amplitude of the spike component appears to be the critical level associated with severe neurologic

injury.

* Department of Orthopaedic Surgery, School of Medicine, Chiba University
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Group I :the compression was released right after the potential
became about 50%.

Group II ! the compression was released right after R, potential
became flat.

Group I : the compression was maintained 10 minutes after the
potential had became flat.

Fig. 4 Recovery patterns of the motor function
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Changes of the Spinal Evoked Potential Induced by
Lateral Compression of the Spinal Cord

Masahiko NOZAWA*, et al.

In order to evaluate the value of spinal cord monitoring using spinal evoked potential, we have
carried out a series of animal experiments, mainly using a model in which subacute lateral compr-
ession was applied to the spinal cord. The changes of the amplitude and the latency were correlated
with the postoperative functional recovery observed up two weeks.

The lateral compression was given to the spinal cord extradurally at the level between Ti;
and L; with a specially designed apparatus after laminectomy. The animals were devided into
four groups by compression time. The dogs were kept alive for 2 weeks, during which time the
evoked potential was monitored at 1 day, 1 week and 2 weeks postoperatively. In addition,
influences of steroid and glycerin on the evoked potentials are also reported.

Recovery of the motor function and waves correlated with compression time. It was impossible
to estimate recovery of the motor function from the evoked potential observed immediately after
compression release. The group with steroid administration showed good recovery in their motor

function.

* Department of Orthopaedic Surgery, Juntendo University School of Medicine
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Key words; scoliosis, Cotrel-Dubousset instrumentation, spinal cord monitoring

Cotrel-Dubousset instrumentation (C.D.1.) 3% H{ED
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Table 1 Materials

R 8 P R A 674

S fig P (U A 294
Marfan syndrome » 6
congenital scoliosis 4
Arnold-Chiari malformation 5
neurofibromatosis 3
paralytic scoliosis 2
miscellaneous 9

#t 964

(Table 2),
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1) Middle DIST: M{ijoTEHEABAT o distraction

2) DEROT: derotation }fE

3) Upper DIST: Moo distraction
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X0 Mo FEIEKT)

5) Upper COMP: "l HEH]> compression

6) Lower COMP: fijo> Rflj> compression
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ELT34H (52.3%) THY, ThBIIHRFHRICTIC
MREREE A BT, C ORI A IR Ui, TER IR
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Table 2 Modes of stimulation

bia TR K TR AR HiE AL
S Bt single stimulation MmO (5580 31 (Ef7#:31)
CHLHI#O D2 F felk 34
Ao B (BSHIE0
DB dual stimulation D 2 F Ik 3% 51 (F17#41)
IR + g
(SRR Bk LR BRSO et s

Table 3 Classification of amplitude in the initial
spike component

S B
2| SSRIEOT X B ML | E IR
SN +20% LYY 184
S > 4+20% 641
S < —20% 74
DBt
i SR X B2l | Rl X A2 L | ERIR
DN +20% LA +20% BN 344
D] > 4-20% +209% LLPY 104
DI <—20% +20% LIPSy 84l
DI | itk o JRiE gk +20% LI 44
DIV | —i& ¥k o JRiE 8 Ak <—20% 24
DV <—20% <—20% 74

BRGSO TIRIBDO A b %, S BRIk TIES
I, SI#, DRECHVTIED I Mas5D VA L
7z (Table 3).

S T BN IIN D 2 CTHRIE A3 20% DA 38K U= 6 6 C
BB, BAAELORECENCIE, ARSI itz
EAIRL TR

S T RN 20% % 1 2 % TBALOE T % Zte 7 6
ThDH. 3BPICHits PO TR Bdt, =05
B 1 vk derotation 2Ty » 72 A TEALOD W4 A b7
TeDIBIER TNTMRE Lick o ABAMEEIEL, 2 fl:
$940% DK T A BB THEGITH - 7.

ST, SIMDX51C, FHHHO AR TIREME LK
& < false positive flbIFET 5 EH 2, LI Hf
WA 1T 7.

D [ BN Sas IEF RN D 2B T H - 7o 3 g5 fili o
HD20Z LSRR L, TCORIEIIIR S fe s - 721041

BB, bl S 1AL FRBRCHTE T2 piee R 7%
L7cfilidze < R inc e x 5,

D I BB X D ZE(En20% AN TH - Fens, 55
FIT1E20% % B 2 5 BALDIE F o iled i 8 Gl TH 5.
3PN IR Gt D R a iR Te. Th b H#940% ol
TEDAE T % & 7o LIRIE O [0l{H D & b ie s - T i T &
%,

D I BLEmifilisoc X 5 286320 % LAN T H 5 2%, g5l
T BEDOEIEOM KDDL, o T AIRIER DR
TELATFIC /e o 7 4 BITH BN, 2D 5 5 2 G F IR
B T 2B 7.

D I 26D ALY, sllific s TIEW RN O ER©
HY, FE O LD E = %) v T false negative {4
MEFETHZ EARB LTS E B,

D VAL sfliic s\ T 20% DL RETF L, $9sc
IHRODBIE T L 2 fEGITH D, SHAIH I 35 W T
critical level® b it 550% 308 < & CIETF Lz 1 iz,
iR I LI S o Tt A R 7

DV BT 55 i di i & b 1020% & 1 2 B IRIRIE T & 2
B, TOETRNMFER U TH o THTHS. 3FIC
TR SO REZBD e, PRl Tk
critical level d50%1ZF T L T 7o\,

RO RES ORI GThb @b oTchy,
I MRS PHERRD eh - 1,

FEEO/NRD )P R ERIC S\ T, iR
HMURFEIC T 5 E D I HICA B X 5 cimfili i d #
DAL LIRS, SIS CIBAAME T 352, H D0
D Mo X 5 i — WY ORIBH KIS 2 L U, 13
B 2l7e s |2z 5 & DVEO X 5 il d 55
WA IRERRFCEMOK T2 g o 2R L, o
NHOFER LT 2D, D IO ke
%, DVILIHRioFES FEEs, DV ZOMT 453
BLT5bDEELbIh, LichioT, il
D &, BEIEC ST AT R R 5
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Table 4 Procedure by more than 20% change in amplitude

e — middle upper lower upper lower

o | EWE | prgt | PEROT | pigt | pist | comp | comp | PTT END

DI 8 2 2 1 1 2

DI 4 3 1 ‘

DI 2 1 1 |

DV 7 4 z | 1

= 21 10 4 1 3 2 1 0 0

(47.6%) | (19.0%) | (4.8%) | (14.3%) | (9.5%) | (4.8%) | (0%) (0%

\/
66.6%

Table 5 Cases with postoperative neurological

complication
gl REBUBC | TS SR | SR 0 ST B
SN 18 1(5.6%)
S1 6 o 2%
Sl 7 3 (42.9%) 2 (28.6%)
DN 34 4 (11.8%)
DI 10 2 (20.0%)
DI 8 3 (387.5%) 2 (25.0%)
DIl 4 2 (50.0%) 1 (25.0%)
DIV 2 1 (50.0%) o %
DV 7 3 (42.9%) 1 (13.5%)
# 96 12 (12.5%) 13 (13.5%)

NS D ENNEEE Te B & b,

CD.I. OFHES & RGO ZLiconThD &,
Mite PR oo Bt iR bRl DI, DI, DIV,
DV Mic %\ TIRIEA 20% * iz 5K F ik, middle
DIST [c47. 6%, DEROT [1219. 0%, ¥\~ lower
DIST [Rpic14. 3% i bivke, & &i2 middle DIST
75 DEROT el Cid—loifEch h, AbeT
66.6% DZEALER R L & DR THRIN S - & b FEY 5
FeTwsEz bhvie (Table 4)

Fiedot, TAMEHANT € oo il o 5 IE RSl o K 1E
DT IRHC I\ T, TR D 2\ 3F I L 58
HZIFTBh0LHEEETE .

Wit AR o A TI3GID b, — btk PR

W - R & L TR bR, & OMENE
WEEMAELDIZ & A ETRVIEFIC S B B BT &0
b, TAHEMMEOMMo pedicular hook DIfiAEALE
IBIF—FH LT BT D, ZIEHERIFLI T RfEE
THHAREMEAKE L, BTt =40 v 7Tk
AR LI b o L F 2 Bk (Table 5),

¥ & O

1) CD.I #Jif7 L 96 glicxr3 25ftie =2 ) v
I RSO E LB L.

2) C.D.I. DgfED 5 b, TEMEH A UE TD derotation
IR R CTEME(LE R D H0 % S RD bR

3) Mg P St ik, DI, DI, DIV, D
VLA TRCERD bt

4) DI, DI, DVIELL#(EE, D
VR EZ D Wi L AR ZI T b EeF bR,

5) TENA V5 & R BRI AR 2 3 DART
o subcritical level OFFEIDIRBELX B4 25 = LW TE
HEEzbRI,

Xk

1) bk, s FHEZE SN sV B B M &
BiF R E Mo bico T, HiEREE 62(2) :
S$170, 1988.

2) d)ll¥ER, b : R R O AR S & o
Bk fE fug T e o v GE—#). B &
=k, 63(3): S961, 1939.

3) Tamaki, T., et al.: Spinal cord monitoring as
a clinical utilization of the spinal evoked poten-
tial. Clin. Orthop., 184: 58-64, 1984.
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Spinal Cord Monitoring During Cotrel-Dubousset
Instrumentation for Scoliosis

Shinichiro TANAKA, M.D.*

The spinal cord evoked potentials recorded during surgery for scoliosis with Cotrel-Dubousset
Instrumentation were analyzed and compared with the postoperative neurological status.

Ninety-six patients with scoliosis, including 67 with idiopathic scoliosis and 29 with sympto-
matic scoliosis, were reviewed. The average age at the time of operation was 15 years and 10
months, and the average curvature was 62.9 degrees. Postoperatively, the average curvature was
27.4 degrees, and the deformity correction rate was 58.5%.

The patients were divided into two groups. In the single stimulation (the S group, 31 cases),
a weak stimulation, two or three times as strong as the threshold value of the first potential, was
applied alone, and in the dual stimulation (the D group, 65 cases), a weak stimulation and a
supramaximal strong stimulation were applied alternately. The spinal evoked potentials at each
procedure of CDI was recorded to classify and assess the change in the amplitude of the first
potential.

The cases with potential changes more than 202 were divided into several types. There
were 6 cases of S| type in which amplitude increased by more than 20% only with weak stimu-
lation.  There were 7 cases of S type in which decreases in potential by more than 20% were
observed. In the D group, of those cases in which changes by strong stimulation were within
20%, D 1 type cases were 10 in which change by weak stimulation increased by more than 20%,
D]l type cases were 8 in which decreases of potential by more than 20% was observed, and D ][
type cases were 4 in which amplitude increased with weak stimulation transiently. Additionally,
the potential was decreased by more than 209; by strong stimulation and increased more than 20%
by weak stimulation in 2 case (DI type). It was decreased more than 20% by both strong
and weak stimulations in 7 case (DV type).

Postoperative abnormality of tendon reflex in the lower limbs was observed significantly in
12 cases of S]I, DJI, DI[, DIy and DV types. Changes in amplitude during CDI in these
types were observed when the curvature was corrected in the vicinity of the apical vertebra or
when the concave correction was completed.

Spinal cord monitoring by dual mode stimulation was found to be more sensitive in detecting
the critical point for spinal cord function during corrective surgery than the conventional method
using strong stimulation only. There is the possibility that false positive and false negative results
can occur with weak or strong stimulation alone, suggesting the necessity of applying dual mode

stimulation for more precise monitoring of spinal cord function.

* Department of Orthopedic Surgery, Osaka Medical College
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Fig. 1 Case 1

Augmentation of spinal evoked potential fol-
lowing correction of scoliosis.
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Fig. 2 Case 2

Transformation of spinal evoked potential following derotation of scoliosis.
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Fig. 3 Case 3
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Diminution of spinal evoked potential following
accumulation of fluid in the operating field.
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Fig. 4 Case 4

Transformation of spinal evoked potential following contamination by evoked EMG.
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Non-Neuronal Factors Affecting Spinal Evoked
Potential During Operation

Chien-Shing LEE*, et al.

Spinal evoked potential has a practical advantage as an indicator for spinal cord monitoring
during operation, in that the wave pattern is much more refractory to anethesia than cortical
SEP, an alternative indicator practically used. The wave pattern of the spinal potential, however,
not infrequently fluctuates to a significant degree through a non-neuronal mechanism, which has
not yet been well identified, causing a false positive or negative decision based on the assumed
condition of the spinal cord. This study concerns such non-neuronal factors which affect the spinal
potential with the goal of making possible a more reliable assessment in the operating room.

Epidural spino-spinal measurement was carried out using bipolar catheter electrodes in case
of spinal or aortic surgery. Periphero-spinal evoked potential was additionally measured in some of
those cases by stimulating a peripheral nerve in the extremity. Beside visible displacement of the
electrodes by an accidental pull on them, we observed the following phenomena simultaneously
with changes of wave pattern: (1) correction of spinal deformiy, (2) changes in amount of fluid
accumulated in the field of operation, (3) changes in subarachnoidal volume of cercbrospinal fluid,
and (4) contamination of measurement by evoked potential of muscles.

These factors could not be eliminated during operation, so that it is clearly very necessary to
know whether or not one of them is the cause of or masks the wave change in order for the

decision made to be completely reliable.

* Department of Orthopedic Surgery, IFaculty of Medicine, University of Tokyo
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Cotrel-Dubousset instrumentation
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Fig. 1 Casc of paresis of the legs arising after surgery

Amplitude of both A-ESCP and the spinal-MEP decreased, but improved after the

apparatus was loo.ened.
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Fig. 2 Differences in changes during surgery of the two potentials

In two patients (one shown here), only the amplitude of the spinal
MEP at the level of the conus medullaris decreased.
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Fig. 83 Differences in changes during surgery of the two potentials

In two patients (one shown here), the amplitude of the spinal-MEP
decreased at both the cervical and the conus levels.
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When traction was applied to the spinal cord, the spinal
MEP showed changes more quickly and more strongly than

the A-ESCP.
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Datum points show the change in potential at a certain time.

L, false negative GIDOTFAET 2 Z &N ARDKEET
2HTHAD.

Spinal-MEP o Fi| f%, SEB)K B OGN TE 2
LThD, Fio, FEEpIT, spinal-MEP %% b gifiuc
RIGLTBInffE L & (Fig. 4, RIKEITH, FRIK
FERITHHL U g2y - 7o’ spinal-MEP (<o Z Z5{E 238
NIGEGID A LIc & (Fig. 2) 726 spinal-MEP o
1355 A-ESCP 1 Ib_THHRCTh D HEME D B 5.

WFhc R X, B BEROF -, 7 EBITH T L
T, BORBOOEHP:O/II&#iv, false negative
MO ED EEZ TN D,

x & O

1) FAMEED HIEFEM v, A-ESCP kX
0%, spinal-MEP ZfLCE=%2Y v 2/ &fTole.

2) WD hp50% LK C 7z il 214ihb 3
WA LT, A-ESCP 0 ¥RiF1136%1, spinal-MEP |1
1190 LM E bR U 10N, BIEERMRERT S L1
X yEE LTS, —EEoR A 2L,

3) EEBICIR\TIE, spinal-MEP 03 5 5% A-
ESCP o b, X b FINMCELABNE b O FFEL
=,

4) FERANC Y FHiEE O 3Hiiic A-ESCP, spinal-
MEP OWFRAFHTH D00EE VIl 57225, i
OS5 2 1 X » T, false negative | T]
BEVEDVRIE S ufe,

Xk

1) Drummond, J.C.: Interpretation of intraoperative
somatosensory evoked responses, Complications of
Spine Surgery, Williams & Wilkins, 152-163,
1989.

2) ARFISERE, B KRB W X 2 307 #h R 35  E
. FieiEdz, 32: 124-137, 1988.

3) Miyauchi, A.: Variation of spinal somatosensory
evoked potential (SEP) with placement of the
reference electrode, 4th International Sympo-
sium on Spinal Cord Monitoring and Electro-
diagnosis, Niigata, Japan, 1989.

4) EBEZTW, i FINEOHE & ok BIAR
MOOK 18, 230-241, 1981.



FRER H6EH1S 1991 101

Spinal Cord Monitoring in Scoliosis Surgery
with Motor Evoked Potential

Akira MIYAUCHI*, et al.

Spinal cord monitoring is widely used during surgery for scoliosis to detect neurological damage
of the spinal cord. Monitoring of the motor tract alone is not common. We always do both
during surgery for scoliosis, with the spinal motor evoked potential (MEP) used to evaluate motor
function, and the ascending evoked spinal cord potential (A-ESCP) used to evaluate motor and
sensory functions. One epidural electrode is placed near the conus medullaris at the thoracolumbar
level, and the other epidural electrode is placed at the cervical level. A-ESCP is recorded at the
second electrode after stimulation of the first electrode. The MEP is recorded at both epidural
electrodes after electrical transcranial stimulation on the side contralateral to the concave side of
the scoliotic curve. Both potentials are recorded at each step of correction with the Cotrel-
Dubousset apparatus. We have measured potentials in this way in 21 patients since 1986. In three
of the patients, the amplitude of one or both of these potentials varied during surgery by more
than 509, of the initial amplitude. In one of these patients, a mentally retarded girl, the MEP
decreased by 899 and the A-ESCP decreased by 64%. These changes gradually improved when
the apparatus was loosened. Postoperatively, this patient had only mild and transient paresis of
the legs. The two other patients with more than 509 change had false-positive results by this
monitoring. There were no false negatives. We also did experiments using cats to study which
of these potentials could be used more easily to detect damage of the spinal cord caused by traction,
with the same positioning of the electrodes as in the clinical method. The results suggested that
MEP might be more sensitive than A-ESCP in such monitoring. We concluded that the spinal
MEP is of value in decreasing the frequency of false negatives that have occurred so far when the
ESCP only is studied.

* Department of Orthopedic Surgery, Osaka City University Medical School, Osaka
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Fig. 1 Case 2 (A) hook dislodgement (6 years after Ist op.)
(B) after rod removal (8 years after 1st op.)

Harrington rod was removed because of hook dislodgement six years
after operation and the curve gradually worsened.
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Flg. 2 Sleep breathing abnormalities

Repeated severe desaturation episodes were observed during sleep.
Periodic breathing was found during a gradual Sao 2 elevation.
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A (B)
Fig. 3 Case 4 (A) Preoperative standing anteroposterior and lateral
roentgenograms showing the thoracic scoliosis and severe lordosis
measuring —20 degrees
(B) Preoperative posterior and lateral photographs showing severe

thoracic lordosis

(A (B)
Fig. 4 (A) CT slice through the right bronchus and bronchoscopy demon-
strating the marked inpingement on the bronchial lumen by the

vertebral body
(B) Postoperative CT and bronchoscopy showing some improve-
ment of the collapse
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Fig. 5 133Xe ventilation scan showing remarkable
improvement of ventilation of right lung
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Fig. ¢ Pathogenesis of respiratory disturbance
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Pulmonary Dysfunction in Patients with
Severe Spinal Deformities

Yoshinori NAKATA*, et al.

Four patients with pulmonary dysfunction due to spinal deformity were reported. Two of
them were the cases of severe kyphoscoliosis with cardiopulmonary failure. Both were first seen
with pulmonary dysfunction and were treated by staged surgeries. However, case 1 died five
years postoperatively due to respiratory failure caused by pneumonia.

In case 2, Harrington rod was removed because of hook dislodgement six years after operation
and the curve gradually worsened. Eight years postoperatively, she died during sleep because of
cor pulmonale and CO, narcosis due to deterioration of pulmonary function.

The other two cases were infantile scoliosis (case 3) and idiopathic lordoscoliosis (case 4).
In case 3, collapse of the main bronchus was revealed by bronchoscopy at the age of five years.
At the age of ten years, the collapse was improved after surgical correction of the thoracic lordosis
using Harrington wiring.

In case 4, pulmonary compromise developed secondary to diminished lung volumes and
extrinsic compression to the main bronchus by the lordotic thoracic spine. A 133Xe ventilation
scan showed loss of ventilation of the whole right lung. She was treated by Chiba Solid Rod
System and the thoracic lordosis was corrected. Postoperative bronchoscopy, vital capacity, and
ventilation scan showed some improvement of the collapse and ventilation.

The pulmonary dysfunction is a severe complication in patients with severe spinal deformities.
Once cor pulmonale extends, there is small hope for effective treatment. On the other hand, the
collapse of the bronchus associated with thoracic lordosis should be treated as early as possible by

surgical correction of the deformity.

* Department of Orthopaedic Surgery, School of Medicine, Chiba University
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Preventive Measures for Pulmonary Complications
after Spinal Surgery of Severescoliosis

Kazuya NISHIDA*, et al.

With a surgical treatment for the patients who have a respiratory deficit preoperatively as well
as severe scoliosis, a prevention of further deterioration of pulmonary function is ultimately important.
In this paper, the management and the result of two patients with spinal deformity treated surgically,
and one treated conservatively, whose preoperative % VC was less than 50% were presented. They
were a 7-year-old girl with congenital spinal deformity 90° scoliosis and 103° kyphosis, a 17-year-old
male with 112° congenital scoliosis, and 31-year-old female with 147° paralytic scoliosis. The halo-
gravity traction was applied preoperatively to all the patiens. The traction was extremely valuable
to predict the effect of surgical correction on pulmonary function. Despite the curve correction
and instruction in respiratory exercise and blow botttles during the traction, two of the patients
showed respiratory distress when the degree of cure correction was beyond a certain extent.
Appropriate and safety correction of the curve enabled us to prevent the significant postoperative
pulmonary complications. Posterior spinal instrumentation was carefully performed in such way
that surgical intervention did not extend to the lateral area of the costotransverse articulation, and
the optimal correction was obtained using the intraoperative radiography, resulting in the correction
rate from 219 to 52% in these two case. They were cared in the ICU until the removal of
intratracheal intubation which was within 48 hours in one patient. The remaining one patient
with severe kypho-scoliosis needed it for three weeks because of postoperative atelectasis. The mean
follow-up period was 7 years, all the patients showed satisfied clinical course without any obvious

pulmonary dysfunction.

* Department of Orthopaedic surgery, Kochi Medical School
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Scoliosis T5-11 49 — 27 Lordosis L1-8 36 ——————— 37
T11-L3 61— 14 L3-S 40 —— 30
L4 tilt 26— 0 L5-8 14— g’

Fig. 1 19y, female
A, C: Preop. X-ray. She had 61 degrees of thoracolumbar scoliosis and
26 degrees of compensatory lumbosacral curve.
B, D: Postop. X-ray. Note the distal mobile segment below Ly had
straightened and shown normal sagittal contour.

A B C D E I

Preop. Postop. 1Y.9M. Postop. 1Y.6M.

Fig. 2 59y, female, congenital kyphoscoliosis
B: Preop. X-ray. '
,D: X-ray after Harrington Instrumentation. Successful correction of scoliosis but not effective

for kyphosis.
E, F: X-ray after anterior and posterior ostcotomy and fusion. Note successful correction of

kyphosis and lumbosacral hyperiordosis.
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Prevention from Flat Back Syndrome after Scoliosis Surgery

Yutaka NOHARA*, et al.

The loss of lumbar lordosis which had been observed after Harrington distraction rod
instrumentation was named by Moe and Denis as a flat back syndrome. The syndrome is a
decompensation status of spinal column in a sagittal plane. It shows disabling standing upright
and back or low back pain and needs correction osteotomy sometimes.

The purpose of this paper is to discuss how to choose an optimal method to prevent from
an iatrogenic loss of lumbar lordosis.

After 1984, 14 patients with thoracolumbar or lumbar scoliosis have been operated on. They
consist of 2 males and 12 females with an average age of 29 years (ranging 11 to 62 years).
The spinal deformities were idiopathic (10), congenital (1), NF. (1), and Marfan syndrome (2).
An average magnitude of these was 53 degrees (ranging 38 to 115 degrees). Fourteen cases
underwent 20 surgeries that were Zielke VDS (11), anterior strut graft (2), compression or combined
compression and distraction I. (4), and Cotrel-Dubousset I. (3). An average length of follow
up was 26 months (ranging 6 to 66 months). No major changes between pre- and post-operative
lumbar lordosis have been shown in 11 cases treated with Zielke VDS alone. As for the same
study of 7 cases treated with combined anterior and posterior procedures, there are remarkable
improvement of sagittal lumbar curves.

This study didn’t reveal an iatrogenic loss of lumbar lordosis. Kyphotic component in thora-
columbar or upper lumbar spine leads to increasing lumbar lordosis and causes low back to be
painful. We recommend paying attention to use of Zielke VDS which is apt to make a kyphotic
fused spine in some case. Combined use of compression rod posteriorly with Zielke VDS gave

good sagittal lumbar curve reconstruction.

* Department of Orthopedic Surgery, Koshigaya Hospital, Dokkyo University School of Medicine
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Postoperative Low Back Pain in Idiopathic Scoliosis
Patients after Spodylodesis

Kazuo TAKAHASHI*, et al.

It can well be imagined that free discs of the lumbar spine in idiopathic scoliosis patients
who had received spondylodesis would be more susceptible to degeneration.

To check this hypothesis, we have investigated the presence of a low back pain postoperatively
in idiopathic scoliosis patients meeting the following criteria; surgery for their scoliotic condition
had occurred after 1971; treatment was completed before the age of 21; and, each had received
a minimum follow-up of 5 years. Out of 35 patients considered, 28 patients (8 males and 20
females) meeting this criteria were studied.

Postoperatively, 429 of the patients presented low back pains, and 63% of the patients
whose lowest vertebra of the fused segment was Lg or L, have had low back pains.

8 patients had suffered from low back pains during pregnancy or after getting a jobh.

* Department of Orthopaedic Surgery, School of Medicine, Niigata University
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Table 1 The results of the spinal fusion in childhood

age at |duration of Cobb angle (degree) i ..
case | sex | diagnosis* | fusion |follow-up |— - mltlalt. - ad?;;;)irol;all
(yr+mo) | (yr-+mo) pre-op** 1 year | last visit | OPEraton op

1 F | cong. KS | 1047 10+0 S T,-Ty 64 62 60 A no
(K)Ts-Tg 40 34 45

2 M | cong. KS 346 12+1 (K)T,,-L, 48 51 36 A+P no
(5) Tl 8 8 4

3 M | cong. S 8411 11+9 (S) L-L, 40 27 36 P yes
(S L,-S;, 50 36 30

4 M | cong. K 1+3 7410 (K)Ty-L, 75 55 77 P no

5 M | ABC (Ly) 744 843 (K)Ly-Ly 1 8 25 no

6 M | NI 344 947 S T,-Ty, 0 44 91 yes
(K)L-L; 60 37 81

* cong.: congenital, S: scoliosis, K: kyphosis, KS: kyphoscoliosis, ABC (L;): ancurysmal bone cyst in
Jamina of L;, NF: neurofibromatosis

** (S): scoliosis, (K): kyphosis

#%k A: anterior fusion, P: posterior fusion

Fig. 1 Case 1,

congenital kyphoscoliosis

A), B): preoperative, at age 10 yrs 4 ms. C), D): 10 years post operatively, there was no
progression.



WHAR H6kylys 1991 123

Fig. 2 Case 2, congenital kyphoscoliosis

A), B): preoperative, at age 3yrs 6 ms. C): 1year post operatively. D): at the last visit 12 yrs
1 m post operatively, kyphosis had been improvd.

Fig. 3 Case 3, congenital scoliosis
A), B): preoperative, at age 8yrs 11ms. C): 1year post operatively, scoliosis had been  stable

but spinal list and pelvic obliquity had progressed. D): 11yrs 9ms post operatively, no
remarkable progression was noted.
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Fig. 4 Case 4, congenital kyphosis
A), B): preoperative, at age 1yrs 3ms. C): 1year post operatively, kyphosis had been improved.
D): at the last follow-up, kyphosis had been associated with spastic paraparesis. Surgery is now
under consideration.

Fig. 5 Case 5, anecurysmal bone cyst of posterior part of L

A), B): preoperative, at age 7yrs 4ms. C): 1year post operatively. D): 8yrs 3 ms postope-
ratively, kyphosis had been progressed.
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Fig. ¢ Case 6, necurofibromatosis

A): at age 2years. B): at age 3yecars. C): 1year postoperativly, scoliosis had been developed.
D), E): 6 years postoperatively, Harrington rod without fusion did not work effectively. I), G):

at the final visit, 9 yrs 7 ms postoperatively, marked spinal deformity was noted.

B 6 I 7e Recklinghausen Jj512 %5 1 5 A
(neurofibromatosis type) (BEF D) THhHbH, FoDihEHE
DL SHfRE L.

x L&D

FEGIE L D 7el, F01zE A ENTHERICR TR E
I 2 B I dFERATT B & LR T E i, ED R
KUEFRATE O M T2 FE3 % ik & U CRiiy e ik

DB E e,

D

2)

3wk

MEEF ¥R, b : Recklinghausen jiic 4 1 % 4%
B DY & % o natural history. %I 4Bl 26
(9): 829-836, 1975.

Winter R.B., et al.: The results of spinal arth-
rodesis for congenital spinal deformity in patients
younger than five years old. J. Bone and Joint
Surg., 64-A(3): 419-432, 1982.
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Long-Term Follow-Up of the Spinal Fusion for
Children under Age Ten Years

Tadashi TOKITA*, et al.

There is no well established surgical management for progressive spinal deformity of children,
because of their unpredictable growth potential of spine and varieties of underlying disease. Six
patients who underwent spinal fusion under age ten years were reviewed. Five boys and one girl,
aged range from 1yr 3m to 10 yr 7m (average 5yr 10 m) at surgery, had been followed up from
8yr 3m to 12yr 1m (average 9yr 11m). Four were congenital spinal deformity, one was
aneurysmal bone cyst of Lj, and one was neurofibromatosis. Three anterior fusions, two posterior
fusions and one combined anterior and posterior fusion had been done to prevent progression. As
for congenital spinal deformity, two of posterior fusions had shown progression, while the one an-
terior fusion alone and another combined anterior and posterior fusion had been stable without
progression. Anterior fusion seemed to be useful for prevention of progression for congenital defor-
mity. In spite of successful anterior spinal fusion, the spinal deformity associated with aneurysmal
bone cyst had progressed. Since prediction was difficult, close observation until significant progres-
sion took place seemed to be the best way for such uncommon spinal deformity. The progressive

neurofibromatosis type deformity was extremely difficult to control even with early spinal fusion.

* Tokyo Metropolitan Komagome Hospital, Department of Orthopedic Surgery
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L/ TR E W k4% Harrington instrumentation
without fusion D iEf
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M IR KK
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3/ < S AP =1/

Key words; Harrington instrumentation without fusion, juvenile scoliosis, surgical

treatment

FL®IC

SNBSS CU RAFIRIE D D & 7 08, HEFTH)
ISR L TR0k D SRR S B L 7e 5. L L&
KA ST MBI e, ¥, kb
1T AT & P TR HEREIGE ATV e R A 1 o0 1l B 3R B A 7
DHEFT &\ o T WD NN F RS R E F 7R X R T
Wh.

19784 Moe 5™ % subcutaneous rodding s fjus
7z Harrington instrumentation without fusion B (Lh
T~ HIWF 284 %170, RO REZ fiHHE L oo
BIGAEST O PNENC RS U Ch i3 5 R A 37 2 &2
Ll habivbih b REEERE ROTT > TE o
T, SIEE ORIz e

MRBEOVICHE

19844F DL M5E © HIWE 1A 17 o Foh/ N 35 R 0 455
JES Gl R L Uic, B L0, Lotk 461, W2
P55 7 (L6 » ADB 8kl » A) T, 4
BlE TN S & CRBFRE A Tz, Wl ik
WP 8% 1 A A (SEJEG A A5 105% 8 7 ),
BIEIFAi 50 H O RFBEZINRNE S 34E(1 ~ 4 45),
MERTR ) v vk S RYE 34, 4EF&1E 1 fI, neurofibro-
matosis 1 T & - 7. FIEFAliaio Cobb fiLsrly
59° (48~66°), BllEhr phc gkt » — 7 3 ¢, NafEHE:
71— 7 2 f|C, instrumentation i A #iFHHEAR 1L 5y

R ST TR L B 1 0 1 B
T P = (R AR 2 R IR S M T A

1L 5tk (9~13HEfK) T -7 (Table 1),

FHiFEH L Moe 5 o subcutaneous rodding iz
U TIT > 722’ WIEIFMIRAC S 5 LR A7 R
B T hook JHEHIC end fusion %477 fhithiL
1 H Ao Risser cast [EEd# brace w355 1L1e,
JFR & LT 10° L EDFEIEASA A U e R T rod JE
Bed B VIIANE LM EIT - 7. (i) instruments {34
[E]FAFIRFEAG 2S 5 5% 6 7 F o 1 flic /N H Harrington
system % Fiu~7o s, ik 3N CEHE Harrington system
w{liH L7z, %7z double hook {fi JHfH% [ % rod 4y
DB A~D Jeti A5 < BT rod % | F i LT A
AT o7,

X R0 H1x Cobbffic iz instrumentation Jii A fii
DA AL D AR B A S X o8, BN (I HEG SR O AR
AR L 7o, A RHNfE instruments o & & CHEIE LS
&l

R

A AR IRE A C D FREGI O T [0 B3 oF 1) 3. 8 ] (2
~5mD, FHHFREEEH0H 73 (47 ~14E547)
Th o te, IPFERO A %240 & & grade
07 TR TR HERBIE I ZE - el eh - 7e.

TN %o Cobb fiik 28y 44°, ) [8 F 47 i
Cobb i34~ 2 M IR 15259 (15~32%) L ik
MERIFTH > 12ns, Eifé%f‘ifiﬁfr Wik EhZh 52°,11% &
AT MTE P12 S~ 14% DG IER %A 2 fe. L L
KFAE LD DR D FHH E COMIERLEBDRDOD
FMHTE CTHIE SR AEOFLE I 17° THD,
FMim BT E TOMHOFEIERLIIK O FMiCl2IFHE



10 TREW 6 %515 1991
Table 1 5 cases who underwent surgeries with HIWF
bfore at last at last
. . HIWF procedure follow-up No. of
case | diagnosis surgical
age Cobb age Cobb age Ochly |Procedures
1 idiop. 1048 48° 1142 41° 1148 50° 2
o conge. 5+6 57° 9+0 40° 9+6 45° 5
3 conge. 8+3 66° | 1144 45° 11+8 50° 4
4 conge. 8+7 63° 1243 43° 1243 43° 5
5 N.T. 7+38 62° 949 52° 1044 73° 3
mmn‘ ’ 8+1 ’ 59° .10+8 o | 141 52° 3.8

Before HIWF

?f9ydm;;

At last procedure

Fig. 1 Case 2, A boy with congenital scoliosis

IESNAETHPIEL T v 27

FFR o XA T e AIE T A ¢ & Hol U R &
IRHC EL AR REC 204 2. 6 em (142D, RT3, 6 cm
(19%), Mfc 2.9cm (16%) O nA bk, 1
etk LAEH b o fhoNix™ll¢ 0. 11 cm,  [Mf< 0. 09
em Ligh, Winter 59 5% L FREOREMCH 5
0. 07 cm/segments/year 133 [AEEO K ENE ST
7.

R KE e APHE L 72 Ay » 72 A% instrumentation
failure HEN 4 HIC A B v de. N 2 Bk upper hook
BRI U3 b & 2 JiEdE S dfA S At hook 2/
UTkD, o 4 gLl T o HESIcffiA e hook
W BE 1 A B Tehs - Fo. F 7o lower hook Jifiiz & rod
P8 »VNE F Harrington system (i FH@C 1 [@]372> % b

iz, FOfho &PHE & LTk, dystrophic type neurofi-
bromatosis {§]"¢ upper hook JJifiZ#% 1o BEZNE & Kt
A%, hook FFHA ATV IE S huie, F 7o 1 Pl lower
hook FICIEYANEL & - e ARG CRIFHL L 7e.

FEBI2 R

(Efl 2) MMERTHC hemivertebra #4534 %K
PEQUERET, 1k X D BRBREEFT > ea 57 6 7 /I
Rz 57° & CHEFT L 7ctcd HIWFE ped (7570, ASEH)
Tvk/NR F Harrington system % i\ 7= 2 [a] H & rod
WEEHIC rod 23T L EHE Harrington system ¢ inst-
ruments D AN FEZ BT o7 FOHRIHIC rod IER
% 1[alf5L. Cobb Il FAiitk 40°, FIEIMERA D 4
EOPREIAS® L HETII iz bh T % (Fig. 1),
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l8y3m

At initial procedure

Before HIWF

9y1m
At 2nd. procedure

11y8m

At last Follow-up

Fig. 2 Case 3, A girl with congenital scoliosis

CEEM 8)  Jakto failure of segmentation = X % 45K
PERUEHET, 3L 0 R T - 7o 8 ik 3 » 1
RHIC 66° & THEFT Liciod HIWE @ ifr Lz, o
#2mo rod OER L 106 rod O ARFEZ T, )
EFAE L A B 34E 5 H o BlfE Cobb 13 50° ¢ |
FABNCLEAN24Z OFFIENE STV 5 (Fig. 2),

£ B

e X growth spurt [ 774 /)3 KN R
RS LT, TS 700 Sl I B e B v i 15 7 1 Al s
BIRS W T & ke UL, HROMERLBEES 2D
Ly BRAEHOMETE A D 2 L7 fous, Letts 52
7L B MR AT 23 1T b A BHiE D 26 % ©F
Yy 23° o JEIER 2VEC BREMiALEL Lics &%,
McMaster &% 13 105§ B R $07 EE % 20 14556
PEMIEHED 7 £ D REMEIZE T 17° O FIF %%, It
[ o> I B 11 105 LIRT v 07 1 7 A 20 Fe il
BHiED 7 40 $RWEZ5C 1 22° o bending p3E U7
CERWE LT A, JHUH D LT EE i d 0 e
TREREPE A 2 15 PRI R & JER B R 43 O G IE RS %
N, AR &R IR IR HBIB 03 B e & )
HLTD, Fie, Hefti BOTEBHEEMHSRL ETY
A5 HLHC DT, posterior fusion mass (3% EED
IR A A IR S D AR O E R B IR 5 ¥ Tk
BEOT, T ORPHEAEEITH 20 & L LT~
fRBEL T & Fedd & kT 5,

DEDZ EnbE2 % L BN rod DIER T 2T
DIFIE & FRO R FA MiFFc & 5 HIWE gz -
T CH Y, SEIOFERT B b LN AT
SRR LB B E 217 5 % CORDHEST T FBr &
LCHMEEEZ bhvieh, SO Fifivids o
& =2 instrumentation failure 34\ 70 E O HE S X h
Tuwe.

Rinsky 592347 - 72 Luque SSI without fusion 3
FAtEIB o m Tk HIWF g:X b BFITh B0, HHbic
LRIRIERRIIOFY 14°, HAEO iR 7 0.8cm
L@ bR THEEC & 2T cilie b SRR L T 5.
bhubhd 952 » AT Cobb 492° ¥ ¢ #1T L7
FEVEMEE G L Luque SSI without fusion %47
TRt B Hh, Cobb FIATE £ 49°, itk 54EDM
ARG 74° LIBIEIRENKRE L, ERBROME b EHRE
WET 0.1cm, FFRNHIC 2. 1em, MH<T0.7cm &5
FhITIE ~OMINT L A ER BT - e,

Instrumentation failure (I [&¢ i % 174>7c\ s HIWF
RICE > TRD DTG D L2 B h B 2,
instruments OIFA L BWHNCATXEMIHhHL 0L H
23T ThAH, FF hook JBiEa P4 % 7 Dend
fusion L, @CT&E5HM Y upper hook %4 4 ighf:
UTMeHiAT 208, @b EMZoffglEic upper hook %
A3 % Z\ ik double hook % i\ s oififizejid wiring
wPfHT %, @ rod JrHEOFRENED & /) I ) Har-
rington system Ol f{lIL T X B DT %, ® rod 4
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WD R~ Z A P <Fedic rod % BRI AT
D riERRELEEL bR

%I it Harrington rod O JE Ik WA F I 7c b
ratchet i3 MM S oA, AP S B CIEA
[ rod ANz AN L% - L% double hook »
AL 72270 EORBENEL TH D, kD long
ratchet type rod OFHEEHMHFHL I,

¥ L O

1) HIWH %47 - 72 5 G Sh/NE T EE D
FTRER A R L7

2) BHRIBHEEE M E TE - Bl ishs -t gm
Tt 3 EORRBZELY T, FAEEILFY 3.8
[, FEFHRELOBIERIT2STH -1,

¥ f-, instrumentation JFAHPAD FRO EIL, EH
R CEYy 2.6 cm (14%), HMfl© 3.6cm (19
%), Mflc 2.9cm (16%) HBHR T 7.

3) HIWF g gy NE T EE s U B s F
flike®EL bt n, GHHEL XDHLT 2D 1C ik
instruments DIFALY HMYNCITS Z LN EELEZ DR
Te.

HeBEHLY

D
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Harrington Instrumentation without Fusion for
the Treatment of Scoliosis in Young Children

Toshiaki ONO¥*, et al.

Five children with scoliosis who were treated with Harrington instrumentation without fusion at
National Murayama Hospital were reviewed. There were a boy and 4 girls. The average age at
first presentation to our hospital was 5 years and 5 months (range, one year and 6 months to 8
years and one month). Although all patients were initially treated with a brace, the curves were
not prevented from progression. The average age at the time of surgery was 8 years and one
month (range, 5 years and 6 months to 10 years and 8 months). The etiology of scoliotic
deformity was idiopathic in 1, congenital in 3 and neurofibromatosis in 1. The average preoperative
curve magnitude was 59° (range, 48° to 66°). There were 3 single thoracic scoliotic curves and 2
thoracolumbar. The follow-up period after surgery averaged 3 years (range, 1 year to 4 years).
The surgical procedures were performed using the subcutaneous rod method introduced by Moe.

Results: The number of surgical procedures ranged from 2 to 5 for each patient (average,
3.8) and the interval between operations ranged from 4 months to 1 year and 5 months (average,
10 months). At the last follow-up Risser sign was “0” in all patients and none was treated by
ultimate spinal fusion.

The average Cobb angle was 44° at the time of last procedure and at the last follow-up was
52° (range, 43° to 73°). The average loss of correction between operations and the average curve
correction before and after operation were both 17°. It revealed that the curve had been
prevented from progression.

The average growth in the area instrumented, which was not counted due to curve correction,
was 3.7 cm. Spontaneous fusion at the curve apex was not noted in all patients.

The severe complication was not noted but 6 complications were occurred. Hook dislodgement
in 3, rod breakage in 1,infection in 1 and kyphotic deformity in 1.

Overall results were largely satisfactory but the rate of complication was relatively high. We
thought that some complications might be inevitable for this procedure but some could have been

avoided with proper insertion of the instruments.

* Department of Orthopaedic Surgery, National Murayama Hospital
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SN RS TP e B R RE W f 3 5 instrumentation
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fusion, spinous processes wiring

FL&IC

1055 LARHC 3-Cic 40° DL E o fiEH A b #EATHEZ R L
o 8 FEGIC T LR E 1T » e DT, LOMIE, F
MiFH, Mg PR LS 5.

MRS LV HE

FEGIET 36, 2 SPIOFT 8 BlTh 5. FImIFAikFE
IR 3ILA B LD 95K 0n A TOFIH 655 » H,
Fte, OEFATHUEELL 43° X ) 103° 0 ¥ 75.1°
<h%. (¥ L 7 instrument ¥, Leatherman child
system 4 fjij, Harrington distraction system 1 i, Har-
rington Y » Leatherman ~ o 255 1 ffl, Leatherman
I v Ulrich child system ~®ZEH 1 ¢4, L-rod 14T
b5,

F i
1) Distraction instrumentation without fusion
F (Fig. 1-A, 2, 3)

B 1 A distraction system (TG & N 2
%. oYl hook % ES 5 2 APTCOKRITL, M
AR L, fusion (X 7\,

2) L-rod spinous processes wiring without

fusion % (Fig. 1-B, 7)

HEHIBASIA M & CORIEERTT 5. B 5o LHERBIE
A bR T TR\ e Lorod %, Bl il 3
Ligeiic 4 2 v A& wire THEET S

* EAIBE BRI B

Fig. 1
A distraction instrumentation without fusion
B: spinous processes wiring without fusion

fE il
CEES 10

Mixed type anomalous of vertebrae % {}:5 conge-
nital scoliosis C, HJEIFAMIMRFENR 3K 9 » A, UEEE
98° -Cd - #=. Leatherman child distraction system %
FACTEMREIT, UL 57° WBIE X hie., 55104
Biic rod 13% 0 F ¥ ¢ distraction OZRE{TL, 75
[pic Ulrich child system 258 L, Hi{Ed follow
Thn (Fig. 2),

CEES] 2)

Wedge vertebrae % f}: 5 congenital scoliosis “C, 8 %
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Fig. 3 Case 2

7 H AIpc Harrington system % F U C ) [0l 44 17
o7z, 9% 8 » i distraction #3EhnL7cAs, 115
6 7 JIRC upper hook 23 Jiiifiz L, il 23 2o i L
Foto 11§11 B L-rod SSI 1o facet fusion % i
z, MOCHIES R,

BT MR IR 1245% C, 155% 6 AR OREIF %
1% 6.4% THh ot (Fig. 3, 4),

UESF 3)

Wedge vertebrae % {5 congenital scoliosis ¢, 7
% 2 7 A REUES 90°, #2355 1037 B R, Ak o
distraction system T hook 23i & HEz 1T <\ Fmdd,
Bl M iRdoE e Lrod % fZeitic A 2 v & wire
CTREES 2 HP TR L, it 6 » A RFC IR MES4°,
% 56° & RIFIRBIEAEHh T3 (Fig. 5, 6).
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Sl IS D AT 1k 7 FEE QB D YRS, A 7 W R
T, RBOREER DT, Lorb#EEEMYHETsTF
WMTFH2MENTH D, YPTfF- T\~ % distraction
instrumentation without fusion #:3, BT L,
R D IIFIENTFIRETH D, KO ES P e
Vo L L, FSAEEENC R LYY, R AES hook
DIHER, rod DIREARRIC X BHFIE% FhFh 2 fiic
R L7, Rod i Ly~ rod ol X b st

Clinical course of case 2

Fig. 6 Case 3

T&7chy, hook DL 7 v h — A & B F TOHHEH
Ele LB AR TH S Wb, ¥, B oM
WEFINC I hook @& 23T H» 5 7=, L-rod il
el wiring %475 X 510 LT\ %, ATl Hnfa #
HIBHETNA E Cie & b BT,
@ spontaneous fusion |34z U/ v EF 2 T 5.

instrumented area ¢

E NI

1) 105LLF QAT IENEHEC 54 5 bhubh o
AT b
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2) %} A X A instrumentation without fusion
B, SO XS EEGCH LTHE BRI h 5 N &P
BTehriEzn.

3) #Eng <, hook 2VE & fL 2T O\ EEBNCHE,
L-rod % i\ foffizi wiring Zi2 X b iiFE L& Bb
iz,

3k
D WA #EE « 105 BUT o o 171 5 Kk (U E v X 3

% distraction instrumentation without fusion ¥:

OMES, FREEW, 2: 68-72, 1987.

Fig. 7 Case 3



136 BREEWR M6 %M1 5 1991

Surgical Treatment for the Progressive Kypho-scoliosis

before the Age of Ten

Hirofumi INOUE*, et al.

The treatment of the patient with the progressive type of kypho-scoliosis under the age of ten
is still controversial. Seven cases of congenital scoliosis with long segemental curvature have been
treated surgically in our clinic and obtained satisfactory results. One distraction rod was placed
through the space of the paravertebral muscle with the two small skin incisions for the upper and
lower hooks. The periodic lengthing of the rods with an interval of 1 or 2 years was carried
out. The last surgery of fusion was performed at the age around 12. The deterioration of the
degree of scoliosis curve or the short trunk deformity was prevented successfully. However, some
complications such as breakage of the rod and dislodgement of the hook appeared in some cases.

Recently, the authors treated a seven-year-old girl severely progressive kypho-scoliosis using
spinous processes wiring with L-mod system following Halo suspension traction for two weeks.
Luque rod was prevent to accept the residual deformity with reference to the preoperative maxi-
mum correction films. And it was placed on the convex side. The authors assert this method
would be able to avoid some of the complications which occurred in the case of Harrington

instrumentation without fusion method. However, further observation will be neccessary.

* Department of Orthopaedic surgery, Kochi Medical School
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Key words; experimental scoliosis, binding spinous processes,

idiopathic scoliosis

[FL&®IC

FEFEPEMUVERE O A, @ Thivie & & S epf
TTHWELBE LT, bhubiuk, 3T
TSR AP &\ CERER S AT, RO
BT« BB A P U, SHI S hicFigEicouwn, IF
WULHE 598 A, EFEMEMIFAE WL T5 A & % Wilcoxon, t
BOE D 2 FH OS5 TG Uc kbR, mgichEox
DI ED bbb ot & O¥RMRZA M Uil

o
Scoliosis

Fig. 1

a: There was no rigidity in the back of normal girl.
b: Rigid spine on flexion was observed in the

scoliosis.

* (K R A

Lo b bPEE L ERYRDC &L, K’ Fig. 1) 1R
T Lo, EHNERCIHRREGRSASS 2 ETho
fo. FCCEREMENEOREO 1ok LT, HAOH
JEEBHIRZ AE L, 7 v F OFREBGCH 1Y BRE
WEEFRUT, Zha\UIEHNEORAEBEHTE D 5 5
PN D BN TR A 1T - 7.
+ *®

At 3D 6 D Wister 27 o + O4fa fv 7z,
FREFRL O « il e 5~ BE Lk e LT,
JEME e b 2 J PR AR & & ie 304 » v 4T3
HERRC Ao7c b #4846 Lic. 7 o b oo JBEHERIZE S v SE gl
CEWT AT, F4 v viw (Fig 2) Witk
SRR LIRS KIS U, T CIRRRIO X 5 i
Yo THRASM RIS X S IC Tk Lic, SROEBREEL, i
FC RIS T\ IT D &, I 0 X TR R oo
ST DR L Lic, 3 Ay 2 5 — VR T
8 < BHRAIT AN 35 |2 N2 C XEMREE L, 4o ml
B RTE « HERIEBEIC O TR U, HEGREREE, X
BRI BAvTe b A (+), MR TR D %o 4

P4

(=) S

Fig. 2 In order to produce spinal rigidity
especially in flexion, four spinous
processes were binded each other
using 3/0 Ethiband Suture.
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Grade | Grade | Grade ][

Fig. 3
Grade [ : Obviously lordotic deformity was produced
Grade ] : The spine was almost flat
Grade ][ : Remaining kyphosis

Table 1 Results

case Cobb angle | apex of scoliosis apex of lordosis rotation
grade | 1 Lt. 18 Ly L -+
2 Rt. 18 L, L, +
3 Rt. 12 L, L, —
4 Lt. 13 Iy | L, +
5 Rt. 12 Ly L, +
6 Rt. 10 L, L; —
74 Rt. 10 L, Ls —
8 — — Ly —
9 — — L, —
10 — — L —
grade ][ 11 Rt. 12 L, - —
12 Rt. 10 L —- —
13 Rt. 10 L, — —
14 Rt. 10 L, — —
15 — — — =
16 — — — —
17 — — - —
18 —_ — . —
grade [ 19 — — — —
20 — . — —
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Q

Fig. 4-¢ 3 months after operation, Cobb angle
18°

- #

DF (k) & U, (RS =35 Ko i Ja S B IR o 15
% X G I EORTER I X b 3 BB 0 L,
D% b grade [ XU Bh e B AR 5 L O T,
grade [(XSPHAE L7cd o, grade ik EEEEOH 2
bod L (Fig. 3), cokmT5HE1H A EeX
SR AT, 2 BT o 25 ke o\ g L,

iE B (Table 1)

Cobb 4 10° DL E&E L Ui, (ISR 20 611

10°

1\

B (55%) C, i 18° Thote. D 5% 9HI(82%)
AETH o o FFRERTIRBIBR & o BRI grade |
FEL0( 7 4] (7025, Cobb 5 10°~18%) AMisa it =
L, grade [ fEClk 8 filrfr 4 ] (50%, Cobb fij 10°~
12°), grade I #£2 HICIL 0% TH-To. W BTl
MIBEVE 1 PINCER s Biute, JUESTE SHE v~ v X iR TE A
LEE—FH LT,

1A AT EC X2 T - 1\ R 2Rt 5. ch
BT DWW, BT OTEREA i & LT 3 HEAEI© B4

30°
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Ext.

Flex.

Fig. 5 Lateral view on maximally flexed and extended spine,

there was significant rigidity.

Rtk b & TAHEA TR & o BT M onTHPE L
7z,

E Pl

A% 3T, TALIERE 3 HER o B e ik E B o L
Vb VBT, EHERC AIER LR T W 2 TR
grade | TH% (Fig. 4-a). §fHIEFMAL & (AR
Db ANIEETHS. 1 H AR iiEmRc—%
L niggd: L v 5 (Fig. 4-b), 3 A,
Cobb f4 18° (Fig. 4-c). X B 7 H» Ak ik, Wik
30° LAtk 2 » A L AEETH - 7cnd, Cobb £ 30° LAl
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Experimental Scoliosis in Rats Produced by Artificial
Lordosis by Means of Binding Spinous Processes

Kazuo KASUGA*, et al.

In spite of the many experimental studies have provided, the cause of idiopathic scoliosis has
been still unknown. We reported before that children with scoliosis had a limitation of spinal flection
comparing with normal children. According to this results we supposed that one of the causes of
idiopathic scoliosis would be the restriction of the spine, especially in the flection. So we have
experimented to clarify weather such a rigidity of the spine produces scoliosis using rats.

We used 3-6 wecks Wistar rats (female). In order to produce spinal rigidity especially in
flexion, several spinal process, from L, to L; or Ly to Lg were binded each other using 3/0
Ethiband Suture. This was carefully performed not to damage the soft tissue surrounding the
spinous processes. The magnitude of tension of the suture were that each spinous processes came
contact together. Immediately after the operation the soine was X-rayed, and the decreased
lumbar lordosis was comfirmed. At the three months after surgery, the rats were given Ketamine
Hydrochloride, and the spine was radiographicaly examined.

Scoliosis more than 10 degrees were observed in 11 (655%) of 20 rats; 9 rats had right scoliosis,
and the biggest curve was 18 degrees. Seven (70%) of 10 which had obviously lordotic deformity
had been produced showed scoliosis, however, there was no case with scoliosis in the group in
which the kyphosis had developed after surgery. In one case a remarkable rotation of the
vertebrae was shown.

According to the results of this experiment, it was suggested that the rigidity of the spine

especially in flexion is one of the important pathogenesis of scoliosis.

* Department of Orthopaedic Surgery, Shinshu University School of Medicine
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Significance of Measurement of Height
in the Judgement of Skeletal Maturity

Hiroyuki MIYASHITA®*, et al.

We have previously reported about the use of ALP, P and Ca as indexes of skeletal maturity at
the 21st and 22nd meetings. We also have routinely used growth at our clinic as an index of
skeletal maturity. In this study, we investigated the relationship between yearly growth, the height
difference over a day, and skeletal maturity.

Subjects and methods; A total of 142 females with idiopathic scoliosis (aged 9~16 years) had
their height measured in the morning and the evening of the same day.

Results; 1. Growth had a high correlation with age (R=—0.727), the ALP value (R=0. 672),
the number of months after menarche (R=—0.734), and Risser’s sign (R=—0.806). The 142
subjects were classified into 3 groups according to their growth over a year, as follows: group 1, 0~
2 cmj; group 2, 2~5 cmj and group 3, over 5cm. The mean age was 14.3y in group 1, 13.3y
in group 2, and 11.2y in group 3. The ALP level (Kind-King) was 13.4 U in group 1, 20.3U
in group 2, and 26.1U in group 3. The mean number of months after menarche was 21.7 in
group 1, 5.1 in group 2, and —8.9 in group 3. The mean Risser’s sign value was 4.5 in
group 1, 2.9 in group 2, and 0.4 in group 3. 2. Height differences of 105 subjects over a day
at the first visit were analyzed with relation to Cobb’s angle, the scoliotic curve pattern, the ALP
value, the number of months after menarche, and Risser’s sign. There was no relation to Cobb’s
angle, but the height difference subjects with a double curve pattern of scoliosis were larger than
those with a single curve. For the ALP value, the number of months after menarche, and Risser’s
sign the group with the highest level of maturity had the smallest height difference over a day.

Summary; Height is difficult to use as an index of growth at the first visit, but the increase

of height over time is a simple and safe index of skeletal maturity on the course of scoliosis clinic.

* Hiroshima Mitsubishi Hospital
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Congenital Contractural Arachnodactyly
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a: at age 4

b: at age 16

c: at age 19

Fig. 1 The scoliosis was noticed at the age of 4 years on chest X-ray film.
These films shows deterioration of the curve.
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Fig. 2
Left shows right thoracal scoliosis and dolicho-
stenomelia. Right shows arachnodactyly.
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Fig. 3 Crumpled appearance of the antihelix
with flattering of the helix of both ears

Fig. 4 Postoperative X-ray film

The scoliosis was corrected from 87° to 43°.

AT AREZ e, BRERCISUMAEHEEZ DR
. AR & O, DA S o 45 dEHY Marfan jiE
BERE & DEERICRIE S 2225, TFETIRLHY, MEESH
ZES5 CCA FEFIL L OB X h TR HHD, 4%
DBRIH T HHTHA .

ROITE R D3 U IRIES 3R, WATHE T % £
5 {& gonadotropin PR RS i T % % Kallmann
SEREREE L CHBHOC LRI E % 1 T %, CCA »
Kallmann FEFEREE OB D TGS 5T R 5

Fig. 5 Histochemical study of the paravertebral
muscle at the apical level of the convex
side shows the “moth-eaten” and “core”
lesion. (NADH stain. 50 x)
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Scoliosis in a Patient with Congenital
Contractural Arachnodactyly

Kotaro NIHEI*, et al.

Congenital contractural arachnodactyly (CCA) is an autosomal dominant disease of connective
tissue, characterized by joint contractures, crumpled ear, dolichostenomelia, kyphoscoliosis, and
arachnodactyly. The following report is a case of scoliosis with CCA whose course was subjected
to our prolonged observation and to whom surgical treatment was given.

The case was a male aged 20. Peculiar deformation of both ears, joint contractures, long,
thin limbs and arachnodactyly were observed at his birth. Right thoracic scoliosis was detected
and measured 13° from Thy to Thg on a chest roentgenogram at the age of 4 years. Despite
conservative treatment with a Milwaukee brace, the curvature worsened to 87° until he was
admitted to our hospital at the age of 20 years.

The condition was diagnosed as CCA and the operation for the scoliosis was performed. Luque
SSI was applied because the scoliosis was symptomatic and the expected stress on the instrument
was strong. We attained correction from 87° to 43°. Histochemical study of the paravertebral

<

muscle showed the “moth-eaten” and “core” lesions only at the apical level on the convex side of
the scoliosis. We consider that the lesions may have some relation to the course or sequel of the
scoliosis.

CCA is a disease resembling Marfan syndrome. But its life prognosis is known to be favorable
without abnormalities developing in the cardiovascular system. Surgical treatment should be taken

into consideration if the scoliotic deformity is severe enough.

* Tachikawa Kyousai Hospital
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Congenital Contractural Arachnodactyly
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Shic, 40K, RME» — 7 & U TR
A Bl L, double curve (Ty-L,: 52°, Li—Lg: 35%)
Ligote, ELICHMEBAAIETL, 7R, £
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fodd, IEHC T B RAT RO BT, 19834E8 H11
B CHUFRC ABE L 7e.

ABERE, BEEE2EL (R 147.5em), FHoRE
o ele <, IR AN HERTURATY & ZEBHE RO
B A B, lEAR b &6 hic(Fig. 1, Fig. 5).
PUl iz fidE < (dolichostenomelia 7 &Jf§, Fig. 1), i
FHE b Ml TR > fe(arachnodactyly 7 =i, Fig. 2).
ZTOMOFTRE LT, #EMTEN0LER (Fig. 3) »
B, DTHRRFEICE - 7o, MR -
o, WFRIRO LT & ffEid, #E 3 EOFMFIC D oo
BIFERAL T\ e (Fig 2). FIECCIRm il o M8
i, MR, Bl £ - 2R g S h e (Fig.
. BUEIR YR L EBEAR, JBBYAS, EBYETITIIER TH
7oy, MBI T MBI STy e, HIRER
IEH. WEERE Lk >, REIOBRE T, BED
LD 5722y, KEEBLFR e o o, DIMAEROB
£ Cl%, mitral valve prolapse (MVP) syndome 238
bite, HET LI oo, MiELET LT
(% VC: 622). MERCIF HFHIL 1983429 H 6 H
AT e, KRN, SR RN A HERTT A D L
Zielke instrumentation = Y A GIE & BEx 1T -7, F
DRGSR, BEHEMERY Li-Ls T4 1cE THIEIhic (93

ZIRIER, Fig. 6). MHifd 7 SFOWAE, BRI TH L.
G 2] 14j%, ik
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Fig. 1 Case 1, Images of the whole body

Severe lumbar kyphoscoliosis and dolichostenomelia are observed.
1-a: anterior view, 1-b: posterior view, 1-c: posterior oblique view

a

b
Fig. 2 Case 1, Arachnodactyly with contractural arthrogryposis of PIP joints

Severe contracture is observed at the ulnar side. 2-a: dorsal view, 2—b: palmar view

BURIE « B MR IO 1 1 & Ll ©
WA L, 282 AR X OUIRICHRE T /v, A TR b
PO RE R IEME T, 35, 950 2 [,
FiEO R U, WA 507, 11RR, R

B CTHUEL RN, A rT 57 21X D
Ba 51Tt BRAMIEEIC - oled 145 T
Fremiz L, FiioHWTARL .

ABERF M ey, BE TR E < (147.5 cm,
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Fig. 3 Case 1, Deformity of the left auricle
(crumpled ear)

Similar deformity was also found on the right
auricle.

Fig. 4 Case 1

Thin and slender feet and contractural arach-
nodactyly of toes are observed.

35kg), PUlIIAN< T - 72 (dolichostenomelia 7 =+
B2, Fig. 7). W0 s 2 bht (Fig. 7). W
FRHAE L, JBih#sE2 5 b (contractural arachnoda-
ctyly 7 &4, Fig. 8), RIRIC B D B ihifEr iR
Bivic, AEREBLE 7 & DIRFHYRFLRD Hiich -
o GNIHERIES 2 B b, SEALRTESTR O XER ik (Ty-Ly:
84°, Li-Ls: 26°) TH -7 (Fig. 9). Jlifen LT (%
VC: 64%) MEBIIA, DIMERO BHILH SR
mote, ABEH 37 b Cotrel #RNIC X % IEIE
wATHTeD b, T AR A 19904E 5 A 23 H 1
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a b

Fig. 5 Case 1, X-ray photographs of the spine
before the operation
Scoliosis (Ty—L;: 60°, L,—Ls: 60°) and lumbar
kyphoscoliosis (L;~L;: 37°) are observed. 5-a:
anteroposterior standing view, 5-b: lateral stan-
ding view

fibiuie, RIS CIFRER T2 BB L CD rod (o
BIFE & AT Thy-Ly O -7, 10
7 H OB, Cobb i 44° TEMEEF T b 5 (Fig. 10),

z =

Congenital contractural arachnodactyly (CCA) 1t
19714 Beales and Hecht 1= » THNT L 7ol B 2
MARE L Shicd o T, Marfan JEFER: L OEEHNC
W RGBT H AP, 18964 Marfan 23 dolichoste-
nomelia & Z {41 THE LIEGNIE, @ bic Hecht and
Beales (1972) ok 5T, 5% CCA Cho o = &t
HBEMNCIR TSP, LieaiaT, CCA ofehicik
Marfan JEfEREE L THbR TV 5 5EGS 5 5 & Bibh
%. CCA r Marfan JEBEREL, < D0 0fERIc ks
THIML T B2, ERIDOHEA v 11k CCA TIrHAD
W, PEOWESRFET S 2 8 &, 1], DEREDE
JEDQILNZ ETHD. ChboMickh, CCA 4R
CIRTEENIAEL TH B, FHIICIEGC X v 2
B BY. bibhOREGITY, FEF 2 TIEE Ao 5M
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Fig. 8 Case 2, Arachnodactyly with
contractural  arthrogryposis
of PIP joints

a b
Fig. 6 Case 1, X-ray photographs of the spine
after the operation
Correction of lumbar kyphoscoliosis was con-
ducted by VDS method with Zielke instrumenta-
tion. 6-a: anteroposterior standing view, 6-b:

lateral standing view

Ft “E,t.‘:;,.A‘r' s P -
Fig. 9 Case 2, X-ray photographs
of the spine before the ope-

ration

Fig. 7 Case 2, Images of the whole body
Severe thoracic and lumbar scoliosis and doli-

Anteroposterior standing view. Se-
vere scoliosis (T,~L;: 84° L;~Ls:
26°) is observed.

chostenomelia are observed. 7-a: anterior view,

7-b: posterior view
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Fig. 10 Case 2, X-ray photographs
of the spine after the ope-
ration

Anteroposterior standing view. Pos-
terior spinal fusion was conducted
with a CD system.

DBEBRIeh s, 2 flowv-Fhic b R
BB BRI -t

Marfan JEBERED FH0X—HC RECH %, 257 Gl
Marfan JEfEEHC DT, [ REE% L B~ Murdoch
B OMEIC LIUE, 720D 5E - llod FE TR PR32
T, DRI, & ICKBIIRINIERE & 7o A pHiE
DFERD K% Lad T el finle, DI o R
Bffot COA b ARTHBABES AT H059, &
HiZ, Bass ik CCA & Marfan JEER2NE—%R1C
ORIl LTk, CCA L Marfan JEFERED
overlap FZHEGIN D D WHENE S 5 52, bhubh Dk
#11C% mitral valve prolapse (MVP) syndrome 7334

dbitz, (MVP) syndrome ps CCA i &fi35 & &
BRI SR T 223, S0 1 TR R
L L7z

ZD XS5k, CCA oFHILEIFT, bh
ORI L2 <, QR S 24 R T
%. Marfan JEFEREDOMAT S0 B X ) (ETFdhc
JERMEES D LR TH S, LihioT, D290

REMERE S DIREIC SR L, DB A IR T 5 2 b 7
CFMEHFCHER T D Z N EETH D,

SF I fihEEo CCA »
4 FKRISHD [ B3 I 02961 o> 3 45 il o\ >
TLBERTW S, ThBDREGIC DU THR: D s
DB L9502 C b - 7210, CG\D%MQEBM%
f&fu&<%WWitu NS RAE L, i E D

IREVHESTT 250 GV RS 50 F8E L i
PITix, PO BN TIET H 5 o E5% <L, i
12, COA BRI A% e W REGITIL,  J5o JE il
FRER A REMRL2TWO 2 mbhTuhb, cos
Eb, FRAML CCA OFRIEEL KL T2 &%
zZbh T 5,

CCA o HBAEAE 3% FRHAKED W5 A 7s
WHID S DREF] 1i2o\ Tl 3 IR
T RGN TR, PR B AT 2 D
L, Zielke instrumentation = I % GIE & A 17 - 7.
i, REFI2 TRFHES ST 7w — Fic kb CD rod
& Tc IE & BB 21T o7, WiEh L S
AORER e <, WAL RIEF T H 5. LichisT
CCA DML HHEITIET,  (RAEMARRCIRYTT %
BEICIRET 5 2 L e, BHOTIEE S 5 — 12
BT T, FRel, PG INL, B0tk T4
IEX¥5 2 & pik ‘}“’Ca?)?b

T LEO

Ramos Arroyo 51
5L,

Congenital contractural arachnodactyly (CCA) -
Marfan JEBEREL, U <O DOFEIRIC I U TIGE L Tus
%73, Marfan JEERECILFHA—RICRIF TR, D
MARDIE O 72 > WHFEHICE S i@ ot
N, CCA XFHARIFCMETA L 2410, 2 osiE
HNCATZ D, LIk o>T, 0D 2 DOREFER 2 Wik E
AL, PUERC N 20 Y 7447 5 © L AT h
5.
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Kyphoscoliosis in Congenital Contractural Arachnodactyly

—A Report of Two Cases with Surgical Treatment—

Katsuji SHIMIZU*, et al.

Congenital Contractural Arachnodactyly (CCA) is a rare discase mimicking Marfan syndrome
and is characterized by: 1) multiple arthrogryposis, 2) arachnodacryly, 3) dolichostenomelia,
4) scoliosis, 5) auricular malfomation and 6) autosomal dominant inheritance. Two cases with
this condition, 10 year old girl and 14 year old girl respectively, were presented and their scoliosis
or kyphoscoliosis were treated surgically with favorable results. CCA and Marfan syndrome
overlap symptomatically and morphologically but differ substantially in the prognosis. CCA has
a more favorable prognosis and responds well to surgical treatment. On the other hand, Marfan
syndrome has poor prognosis and risk of scoliosis surgery is great due to the presence of cardio-
vascular anomalies and weakness of the vascular wall. It is important, therefore, to recognize
and clearly differentiate these two syndromes, so that the most effective method of treatment of

scoliosis can be selected.

* Department of Orthopaedic Surgery, Kyoto University
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% 36 VER i & lipid storage myopathy
B0 R SRR D
NP OERT O OEE BAT W me
BE R N g™
Key words; congenital scoliosis, lipid storage myopathy, multiple joint
contractures, pterygium colli, cleft palate
* L& myopathy L U-CHlis7 L7 entity QB35 & & AR

L7e®, 4L, Z OEBOFRME RS D TH
1983 4F dohudoduid 4 FEVELSEI s & FFAEMERA £ - HTELCEHL, FREAKOE SN BBRER N fod T

7c lipid storage myopathy o 2 &L, # L\ EHRERE hOCHET 5. AERBILRSIRREOMIL

Cc

Case 1

Fig. 1 Typical clinical features of the disorder
a : Congenital scoliosis

c : Pterygium colli
b : Multiple joint contractures

d : High arched palate

AL SRR o on = — R T A
OB GUL N7 AR K 2
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WEECBIERS % carnitine OfIXIEFRH THY, I +F=av
F U7 o JBRENIE™ b 7gy lipid storage myopathy
T, fEk4n BT % carnitine deficiency myopathy?®
LRI RA T 20 TH S,

fE - fl

FEGNIH IR L7z 2 B (case 1, case 2) # iz
Taifcdsl, HB1E, Lw3pThy, LOIFKERICR
WAL S BRI CH D, Case 1 DL ER 45 lfC, case
2 VR WRIRR 2 g B, case 3 1RS (7, case 4 1% CPD
CRIE WA Orcdii)T WA Ui, W R
X3AANBIZFUNATHS.

B PRAE K
IIG O FFRREIR L B 7 B & & b, A% e — :
. . A e . Case 1 Case 2
L, BN AENC, B, MBI R 7 T
E&%‘U%%ﬁﬂb‘éﬁﬁwﬁﬁ 7 % b, ’—H—ﬂt{&%f%ﬁﬁ’}‘ ig. 2 xternal view ol congenital scoliosis

Congenital scoliosis and multiple joint contractures

B, Ffo, SEM, M, fRE, MERE7 S web 2B
WL, En#Esy s (Fig D 45EfE b ansEk

Case 1 Case 2 Case 3 Case 4
Fig. 3 A-P view '

All 4 cases show not only severe congenital scoliosis due to unilateral unsegmented bar, but
also severe pelvic obliquity. Scoliosis rapidly progressed in adolescence.

Table 1
556 - age first Cobb angle lordosis plasma carnitine
as s examined | last examined | or kyphosis (pmol/l)
1 female 11 years 73° lordosis 50. 2
2 female 12 years 57° lordosis 45.2
3 male 3 months 107° lordosis 49.8
4 female 12 years 90° kyphosis 44.9
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Case 2

Case 3 Case 4

Fig. 4 Lateral view

Three cases except Case 4 show severe congenital 1 ordosis.

Case 2

Case 1
Fig. 5 Lipid droplets in muscles

EM of the vastus lateralis. Many rounded
spaces containing lipid droplets.

EHT, EKHFRETHES, T case 4 DLHOELHA
L, LD 3PNELENZETH -7 (Fig. 2, case 3 . case
ARSI, Case 11h70 A & TR TC X,
case 3 IIITABET, HE D 2 BT IEFICIT 44T
MHRETH 5.

BRERR - BERE

AP O TR JEHEL  unilateral unsegmented
bar i & % RVEQEET, W —DIER & b5z
EORBPWEZ /R L TR D, AL 57° 55 107°, iy

82° L mEch b (Fig. 3, Fig. 4), Ifiifh carnitine {51k
Cederblad, G., et al. 7z &% WED €k BT
(Table 1), fi/Ef T & EHIBLEZEC Wifididic £ 5o
lipid droplet > fffE & glycogen JRIOR I 4 8 &> 7z
2%, 3 b a VY N7 OBECBILIER TH - 7o (Fig. 5,
case 3 - case 4 {XICHKY B, Tods, BHIELIEUIAIC X
huregEcd lipid droplet o {7 XBZERTHET 5 %,
Case 3 & case 4 o 2 GICHKE/EB D JE1T L 7nd, Ml
P & MR 72T fa A bz, Case 1 4 case 4
D RYEMEREIC 4f L ¢ Harrington instrumentation 23
RT3 hted’, BRIFRGEMIESR TR B, BiFic
LTI b, ML LR 2 OEIE W% A0
LT END, TOHRFEH LIS HOMETHD L Bbh
.

Z =

Z @ lipid droplet o o> JT RV 7] & Ty Zgus
2, b2V Y THORSDOEEENKZ LT B,
F 7ok inhibitor & UCiivT, BRENG O R A D] X
B LTWDDTIRIL D E BEX bR BEY, 4 F5VEB
iy, Z OREE IR AHEMSSER T H 5 Lillbh
%. 1975512 Chanarin® %, [ 5 v = - VAlipsIEs
T, MALE MR R, I, B, BURIER7C & b
V7Y eFA Va3 DR ERERT L7 1 fila
LTy, BEREEIR R M e & gk 2 A o 2 T B
D, bRbNOREF L35 > T b, 7ok, multiple
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pterygium syndrome 3, FFAEQIESF 2L R0EE, £ 580k disease: A new disorder of lipid metabolism.
p:
BRI, S - M - IR - BRSO web, niggba Boit, DMed. J= /95 550-585, 107%,
D DI TADEL T DS, b h o ORI O 2) Cornelio, F., et al.: Fetal cases of lipid storage
. S AL ’ Bailpagn - e myopathy with carnitine deficiency. J. Neurol.
IR E TR 3R B 23, AR SLF IS D TR Neurosurg. and Psych., 40: 170-178, 1977.
X7c\~ & 5 THh %, Multiple pterygium syndrome » L 3) Engel, A.G., et al.: Carnitine deficiency of
TG ST BREFIO 7ehicd lipid storage myopa- human skeletal muscle with associated lipid
; s X" hy: A new syndrome. Science
thy BfFAET B ATEIEIE K XL 2 B2 BB, i o e Y ’
s I ~ 179: 899-901, 1973.
F LB 4) Escobar, V., et al.: Multiple pterygium syn-
drome. Am. J. Dis. Child, 132: 609-611, 1978.
Z OB, 1) unilateral unsegmented bar % 7R3 5) Goldberg, M. J.: The Dysmorphic Child, Raven
ifﬂﬂlﬂg}fﬁ, 2) Ilpld sloragc myopathy, 3) g];\ém: PI‘CSS, New York, 86—45, 1987. ) ) N
BURSHRE, 4) BOREL 5) [ZSELE 1o 13 1 5 6) Horton, W.A., et al.: The phenotypic variability
’ o - ; . Sl of diastrophic dysplasia. J. Pediatr., 93: 609-
FERA B E T HIEBENCH D EBbh D, & ICER 613. 1978.
PEQUERE X, JR%7e unilateral unsegmented bar ¢ 7) Jerusalem, F., et al.: Mitochondria-lipid glycogen
JHER R L, web & & L ICATEER A BE 5 & X A2 Wil (MLC) disease of muscle. Arch. Neurol., 29:

162-169, 1973.

H > T Ezbhz
B %> T 5eF2BAD. 8) Nogami, H., et al.: Lipid storage myopathy

ok associated with scoliosis and multiple joint
contractures. Acta Neuropathol, 61: 305-310,
1) Chanarin, I., et al.: Neutral-lipid storage 1983.

Congenital Scoliosis Associated with Multiple Joint
Contractures and Lipid Storage Myopathy

Yoshihiro ONO¥*, et al.

In 1983 we reported 2 cases with multiple joint contractures, congenital scoliosis and lipid
storage myopathy. Since these cases had no carnitine deficiency and no morphological abnormality
of mitochondria, it was postulated that they might belong to a previously unknown clinico-patho-
logical entity of myopathies. In the present paper we report 4 cases including additional 2 cases
with special emphasis on clinical features. Four cases were 1 male case and 3 female cases. The
age of first examination was from 3 months to 12 years 11 months. All cases had multiple
joint contractures, normal intelligence, short stature and lipid storage in muscle without carnitine
deficiency. Two patients had cleft palate and other 2 patients had pterygium colli. All 4 patients
had not only severe congenital scoliosis due to unilateral unsegmented bar, but also severe pelvic
obliquity. Scoliosis rapidly progressed in adolescence. Average Cobb angles were 82°, ranging
57° to 107°. Three patients also showed severe spinal lordosis. In addition to severe congenital
scoliosis, patients had various congenital complications such as cleft palate, club foot and multiple
joint contractures. Therefore, there are many problems to be solved in the course of management

of scoliosis in this disorder.

* Department of Orthopaedic Surgery, Central Hospital, Aichi Prefectural Colons
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Key words; spinal deformity, dwarfism, human growth hormone therapy,

rapid progression

FL®I(C

RIS B Rk v & VI, BB T TR
MCr s e rRErrey (UF GH L) o2&k
DAREICIE 5722 & XD, SEAEF D RIEAE A b Lzl
DML T B —0, TR o R R B R e
<o HROMOD K & RIS AT 0 #1472 23 5 o
—HNTHY, BRAWAET S ELERIC GH e
S TR H R OB SHAUE TR ZETE b IR 5 (b4
BDIDD LT HICEZLRDZ L THS. Ll
ZD X5 I I E D Th s

bl holl, EHERCHT 2 GH e i
MR BB HEST L, SO E 2 L1 3 (%
A L7 TG T 5.

i

GERBI 1) 2ok

1155% 9 7 RIS SR & IS4 T % 137 & L 4R
COmA Ti=Ty 52°, /& Tig-Ly 56° o LS 4 5
LCuwie (Fig. 1-A), /NERFCORSERIC T R/
MNIEEZWIE I, 1257 H AR L GH Fizkaiilis
nitc. = O Ko QLTS Ti-Ty 53°, 7 Ti-L,
55° L1071 [ Rii D HIE I & ZE(bik 7 s - 7= (Fig. 1-B),
GH R bith & FIRHC S v 4 — % — 7 L g 24c T B8
HERELPIA Lie, L LIS 280 #47 L 72 L
VAR 13 5% 7 » AR 45 Ty-Tyy 94°, /= Ty-L,

RSN P ER T Y N e
L HEER RS R v v 4 — WA
REE O AROR SR A T A B

95° LD AW H R Uik & Ol GH #pa
iU (Fig. 1-C). GH gEyihik#h 6 » o<
A TiTy 95°, 72 Ty-Ly 97° L QSO #4174
kL5 (Fig. 1-D). HIfEFME#E T LT
W5,

GEFI 2 5Bk

NEIC Noonan JE[ERED % 51T 5 BT
BB, FHM LD FSEE T2 G T 2223185
FTEIELILRL, Fhthid ERICT b o RS
KolebDZ ETHD, 18551 H B X b BEEMIEE
DEERMANERLT N & X0, B Ecxt LT GH %
EDBIG S tc, OB BN H IO X 51
7eh, GH BRubitath 2 4 CREO BN & 7t b 24P
ZHE LI, ZOR Te-Ly 107° OB E R L T
7oy (Fig. 2-A),  CHIBNCIE TR0 X34 <
ZFTieh otz XEgecix T, T, Ty, Ty DHf
ROBRZEN, HERRIEORAML, #ARO ARG & o
FIRbED b, ks, = OBNEHT BT —IEH
IZC 42° WRIE[ElE S i (Fig. 2-B),

GEBIB] Lotk

Turner JERPEO LT THE, EEFICHLTHE2 »
AWEE D GH §ka 3%, Z ORISLE I Sl h
itz # Te-Ty 62° THote (Fig. 3-A), 11wy
—F =T v A X DR L A S e, GH #Es
Dilkh 14EE8m 8% 2 » Al To-Tyy 86° DZF KA 2L
2. ZORRYBIANBAN IR, A 4 —F—F LA R
DIFD, FHIEF 7 205, #5 ki E iR Aa s b, 8 5%
8 7 AR (GH #8LBAIG 147 6  A)icizgs Te-T,, 111°
Ligh GH ggkizepik Ui (Fig. 3-B), thil#%6 9 f



Fig. 1 Girl with pituitary dwarfism

A: At cleven years and nine months, she showed Rt. T,=Ty, 52° Lt. T,~L, 56° scoliotic deformity.

B: At twelve years and seven months, the growth hormone therapy was started. Her scoliotic
deformity was Rt. T,~T;, 53° Lt. Ty-L, 55°. There were no progression during this ten
months.

C: At thirteen years and seven months, her scoliotic deformity progressed to Rt. T,~Ty, 94° Lt
Ti-L, 95°. The growth hormone therapy was stopped at this time.

D: At fourteen years and one months, the scoliosis was 95°, 97°. No progression was noticed since

the growth hormone therapy had been stopped.

DIE TR 108° & —IGHETIRE 1 LT % (Fig. 3-0),
feds, ©OFLFEHROBNEE 2 T 2AEHITH S

£ =

e RIS FE D 28 4T & GH L oo BYFRICDWL TR
W OoMDBERD BT, FRHO BT Al
B IR v v DR B LT B &R D
FTun B LT, BHREEY &L T 5K
HER R L GH e CARIC R ok s,
FOHFRATG S 2HCHE T 5725 5 & LR
teus, LavLo @ X5 IEfloH A iEbivbi o g~
#2[R b T4219784F Dymling 5o 1§l DA TH LY.
GH $E 0 M6 & 75 A I B RGBT RATEO G023 &
O TERIEIDIEOD, TitRESh ToisniZdo
Fe DI DDIARBTH B, SRl ns i
B 3P L T B Z B2 D E, TO XDl
xph»TEhirborzEbhiy, L, 4% GH
FREOTIEAEA Y, RIROR S LT B BRI

A B

Fig. 2 Boy with Noonan syndrome

A: He showed TgL, 107° kyphosis at first visit
to us, after he had received growth hormone

for two years. CEHAETFIE R, ZOHBECRSEOBREHO L
B: He was treated by simultaneous anterior and 5 BRI LT Hh Dk Bbhs
posterior combined procedure, and corrected

L0 3ERO FRAKO Hix#2 2 £ GH Fk
BEEFC E D TEHVEREY IET Z L8ELD

to 42°.
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C

Fig. 3 Girl with Turner syndrome

A She had Rt. Ty-T;; 62° scoliosis at seven years and two months starting the growth hor-

mone therapy.

B: One and half years after starting growth hormone therapy, her scoliosis progressed to 111°,

At this time, the growth hormone therapy was stopped.
C: Six months later the scoliotic deformity was 108°. No progression occured for this six

months.

Hic, F7ebb, REG 2 R BGE 270 o THRIMT
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1) Willner, K.O., et al.: Growth hormone and
somatomedin in girls with adolescent idiopa-
thic scoliosis. Acta Paediatr. Scand., 65: 547—
552, 1976.

2) Skogland, L.B., et al.: Growth related hormones
in idiopathic scoliosis. Acta Orthop. Scand.,
51: 779-789, 1980.

3) Willner, S., et al.: Study of biochemical and
hormonal data in idiopathic scoliosis in girls.
Arch. Ortho. Traumat. Surg., 98: 251-255,
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4) Ahl, T., et al.: Twenty-four-hour growth hor- scoliosis during treatment with growth hormone.
mone profiles in pubertal girls with idiopathic Acta Othop. Scand., 49: 264-268, 1978.

scoliosis. Spine, 13: 139-142, 1988.

Spinal Deformities Showing Rapidly Progression
during Treatment with Growth Hormone

——Three cases report——
Masanori SHIMODE*, et al.

We are reporting the cases of three patients who showed rapid progression of spinal deformity
during growth hormone therapy.

Case 1. Girl with pituitary dwarfism. (Fig. 1)

The growth hormone therapy was stared for her short stature at twelve years and seven
months, and at that time she had also scoliotic deformity showing 53° in Cobb angle. One year
later her scoliotic deformity progressed to 94°. At that time the growth hormone therapy was
stopped.

Case 2. Boy with Noonan syndrome. (Fig. 2)

At the time when the growth hormone therapy was started, he showed mild round back
posture. After that time, the round back posture became worse, but the growth hormone therapy
was continued. Two years later he showed severe kyphosis and was refered to us showing T;-L,
102° kyphotic deformity. Surgical correction was done by simultaneous anterior and posterior
combined procedure and his kyphosis was corrected to 42°.

Case 3. Girl with Turner syndrome. (Fig. 3)

She had Ty-T,;; 62° scoliotic deformity at seven years and two months starting growth
hormone therapy. Eighteen months later, at eight years and eight months old she showed 111°
scoliosis. At this time the growth hormone therapy was dicontinued.

(DISCUSSION) Growth hormone therapy for short stature children is becoming popular by
advancement of gene technology. So, these patients whom we are now reporting will increase in
near future. We would emphasize that short stature children with spinal deformity treated by

growth hormone should be followed up meticulously.

* Department of Orthopedic Surgery, Social Insurance Chuoh General Hospital



<

BREW 4

6 2 i

>
<%

5 1991 165

e

1-

5

FEAEF TP S KM & PF LT
TR E 1] o> 5 JUTE i 1B 2%

=k HA"

Key words; congenital

[FL&IC

FoRYE 2 AT =ik, RYUIEMETHER L LTaibh
TW%. Wb % floppy infant T, MLHfTiEEs <h
D05, HEAETFRRECIE e L1 X b B RCHlE 20
LHEHE, FlBTT A S B E T, PR
ENFFHIOAET, HiZEh & IS BrreinnBaEnsw
EIRhTUwBLLD,

=i, CORBICHIEEY G0 5 2 L% L
5D L MBbRT D, ZOMIEEL P B IS
PEGEEE & 58 5 T3 2 — v R R b 02 & 5 pke HElT
FTHT L, ERMRHC, NG, ADL, #9768 0 RRE
LRI, & OLBO | RENE R D 2 & pnsmo
HAED HINTH D,

MR EFE
19804F L [ B HABEF B2 L » THF I e ” M &
PEDRRYE S H A F—BETHID 5 B, 10ELL kR
2k I LT 5 Blic o\ THRE A Iz 7.

By, Table 11 CR Utens, W2 HHES14~285% (O
Y1825, 250, ABILPETHS. PR 23°
~107°(54.9° £29.6°), FBBIZEYIMIL12~234E (16.0
+3.TEE) TH o fehd, FMiGIO 2 Gl R4 L 12
FTHD, BENIEIKRRS X Oy, My
19, TEBASEANICATV, OIS WS04 ol L
T\ %, fHMAMZ 0 central core disease 3 {4,
multicore disease 1 ff], non-specific myopathy 1 ¢
Hote, FDH5H case 1 F8 L0213 central core dis-

* e o [ bt e T A
o BY SRS S B R TR

ey

@**

non-progressive myopathy, operative treatment of scoliosis

case DA 1HIEE 2 HITH DY,

b S HliconT, SRleflEERZ T, Iz
TXARAT M & B R A 2 RifT L, ZofsHRA ko7
— 2 & G U e,

Ihichbhbhil, oYy —X4&FhD central
core disease DFEF] (case 1) DT, FHFAMIENL RS
MIdRF—EEPEL TR ER (case 6) (DT
R ZE A fel ) Tk 7oy, WHIEGI - L CEofRE b i
ATREAM L7

EREER

SR AIIL6 9 0 X RGN X % Bk T RE T
BHote. TOREE, FHHES] 2 I (case 3, case 5), 4
H — 7 TRMHROMTIERD bR LTk (Fig.
D. b bR IR TH - .

JEEMENOTIY, F7 case 1, case 6 oIk
I LT A L, 4 F —0llicifEiic Cobb
FARENS 25° 20 B B1° AL MEFT R /R Licht (195D B 295
DB, JEIAAF DT, 18EH28HE TO
#:f¢ Cobb R 40° © ¥ ¥ RETH -tz (Fig. 2),

+ = AT, 19814F Weinstein (39, 4 F&4: I E55E o
e DT, ML RO B AREICEY U Co R e b
TerFER LI, Thic kb L, Cobb fJE50°~80° Dy
i 7 — 7 Tik 10 FFRICF ) 3. 1° o EFT IS
Cobb fHE50°~74° D JEHE» — 7 T b 104E I 47, 8°
DHEFTARD bRl 5 . B, Zofion—7,
Teb BTk Cobb 41 50° LUF, 80° LA 1, REHET
11 Cobb ffJ 50° LI T, 74° Ll i, 104E[CHEfF A
AbRicnh, HAHELTHIL T THoE LT
W5,

ZOHERERE R L LT, Fig. 3obhbhofk



166 FRAW M6 &M 1S 1991

Table 1

initial examination

walking alone v oyt follow-up
case | sex initial X-ray treatment
age (yrs) age | . : (yrs)
(yrs) histology
Y scoliosis lateral view
1 o 4 14 RtT; 23° lordotic | central core conservative 17

RtTy 97° . .
2 F 6 28 kyphotic| central core | conservative 15
LtT,-L; | 107°

RT,-T,, | 44°

3 F 2.5 17 lordotic | central core | operative 23
LT, -1, —

4 ¥ 2 18 RitTeL; 54° lordotic | multicore conservative 14
RtT5-4 72° . non-specific .

5 o 1.5 14 _ lordotic operative 12
LtT-Lg 50° myopathy

6% r 1 18 RtT—L; 40° lordotic | normal conservative 10

Erector spinae,
Right (Hematoxyline and eosin X 100) : A few scat
tered basophilic fibers are round in contour and
smaller in diameter. Left (NADI-TR x 100) :
Several large ‘moth-eaten' fibers are seen.

Age 16 Age 26
Fig. 1 Case 5, non-specific myopathy
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NADH-TR (> 400).

Core regions appear amorphous with less fine gran- Age 14 19 29

ules. Margins are delineated by increased density.

Triceps brachii.

(NADH TR % 200) Normal histology

Age 18 28

Fig. 2 A: Case 1, central core disease
B: Case 6, (sister of case 1)

110 -

100 -

90 -

thoracic curve, conservative

lumbar curv

80

thoracic curve, operative

lumbar curve, operative

70 -

60 -

Curve Degree

40

30 -

20

Age

Fig. 3 Follow-up study of lateral curve
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The curve is very similar to that of idiopathic
scoliosis.

Triceps brachii.
(NADH TR x 400).
Type Il fiber atrophy is evident. Core regions are patchy
in distribution (longitudinal section).

Age 18 Age 32

Fig. 4 Case 4, multicore disease

case 1 — 1830(65 %)
96 , 35 104 , 31
70
cHEE D 1170047 %)
79, 42
0,
case 3 1750(59 %) 1820( 66 %)
5 _
c5se 4 1380(44 %)
78 , 33 92 , 36
0, 0,
case 5 1810(59 %) 1950( 67 %)
97 , 37 96 , 37
} j ; . .
10 20 30 40 50
Age

VC (% VO |

Fig. 5 Pulmonary function — [
PaO,, PaCO,
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Table 2
follow-up weight/length climbing-up Job ADL ?ig;f:é_l svrriage
case A age kg/cm on herself iz the back
1 F 14—31yrs | 33/144—34/147 P—D O/ ® — e &)
2 F | 28—43 —/— —45/140 oON® 00 \ o o
3k ¥ 29--40 44/147—45/149 DD P—D — () e
4 F | 1832 35/157—38/159 O—® 0—0 . o o
5% | F | 16—26 29/146—35/151 D—@® e/® s ® o
6* | F | 1328 44/153—48/155 0-0 0-0 @ @

* normal case (sister of case 1)
** operative case

RA Bt L TAaLH L, case 2 o Cobb )i 100° ) |-
7 — 7R 15 SRR CHETT A e b DD, case 1 L case 3
bl — 7 OWHIFEM L), case 4 Tix, FhFh17
i, 154F, M EORRT, 8°, 25°, 8° o T AL
Tkbh (Fig. 1), b7 < & blagkEr — 7B LT,
Weinstein o> F5 41 (I RED [ 2868 & 0 & #6179 5 1
A% R LT,

Z DA, SRR X SISl Gl o> Hodgic s\ T

BHbLNII, FTebb, 4 F—ollicik, JE A
3 F —Dlhf (Cobb M) 40°) X b 4 g)2H Cobb s
DVNE Dotz (Cobb A 25°) 1o shvb b,  §RI
TN HES T2 7R ST o Felh & TR RIS HEA T2 7% L Fedo b3
Thb.

FEGIAIEF WA oo, R4 HBORC L b5 —
2 DRI Z LTS FTL A, 3 AT —
PG RV & L LT, AR HET T3 5 TRERE
W HEFZ LD, S BICHERE HED B T BHiE Weinstein
O FEME QU ] ARFRBBED T b — 2 B B T
DREBNLE, 3 4 < F — 2 & F T 2 ITHEM: 2S5
%,

SOl RBIC DV Tk (Fig. 5), FRIFIIC (L A 59
T = 2kie s s te, BB e TLRGE LIcRBTh -
o 22 L, case 2 (SO TIIWIRZIED 55 — & 238 B
Tlg e, GHIIARRETH - 7o,

ADL 2o ik (Table 2), 100° L o 5 — 7 o
case 2 O L CHEIME F OB FER Il L& S he, ¢
D case (X285 WA IR BV ARD B Teh - fe
DTHDHH, REBERIThGED bR TR, 3
TS F — ISR AN IR S M ST & HE L
T\ %, 20 case X[k & & <, Cobb ity
Erewnb oo, NSRRI RERINCE LT ¥ T 5 ke

b d b Uik V0 950% LU, hul Bh
B, At BEEICEIRRBBIL A 1T - T T
ThH5.

T LEH

1) ERMEIHEFTVE © A % F — D UEHE A OF61 5 flic
DT L6 ER O X HIC X 2 Bt % 17 - 7o

2) MBSRBIC STk, FHWTE LR R T — 2 R
dhleh ot

3) WEEMERED 1 GITH), EMEIE L <o
NRD bR,

4) Fihifl 2 B 4 H — 7 EHELE L e Sl R L
T,

5) JEFMBI5 H—7D5 b, Licd L bNglis — 7
IR\ Tk, Weinstein o Z P EHED [ ARFB & 1
LT, RERFICHETT A i A A b e

6) Ffo, MEMEMILGITYL, A4 F—DMiTILfE
RHRHETT A3 D, R RPERESE O LT T 2558 B
7‘.;:# > 7,

3k

1 #H i, fib: Nemaline myopathy i 5% (f
Sfe—fEG, FHAE, 1@ 7-11, 1986.

2) SRAGT, b FEEERCH XD oo HRR A 1 59
HED BARRER < D W T FREAH, 10 73-77,
1986.

3) WM 4%, Al : Central core disease: #4154 4
o 7c 2 Blic 30 B ERNY, MR Lo2ny, SEEENY
et figeprse o sz, 20: 458-469, 1976.

4) Shy, G.M., et al.: A new congenital non pro-
gressive myopathy. Brain, 79: 610, 1956.

5) Gamble, J.G., et al.: Orthopaedic aspect of
central core disease. J. Bone and Joint Surg.,
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70-A: 1061-1066, 1988. 7) Kumano, K.: Congenital non-progressive myo-
6) Weinstein, S.L., et al.: Idiopathic scoliosis: J. pathy, associated with scoliosis. J. Jpn. Orthop.
Bone and Joint Surg., 63-A: 702-712, 1981. Ass., 54: 381-402, 1980.

Congenital Non-Progressive Myopathy Associated with
Scoliosis—A Long Term Follow-up Study of Five Cases

Yoshihisa MIKAMI*, et al.

The cases of congenital non-progressive myopathy with scoliosis had been treated in our
scoliosis clinic for the last twenty years. Their diagnosis were made by clinical, histological,
histochemical, and electron-microscopic studies.

More than ten years follow-up study was possible in five cases. All five cases were more
than 14 years old at the initial visit.

Two of them were operated cases. Their mean Cobb angle was 61.39. 4 degrees when the
diagnosis was made and was 42.8--8. 8 degrees at the time of follow-up. There was no loss of
correction in these cases. In three non-operated cases the mean angle was 67.0-235.7 degrees
when the diagnosis was made and was 73.8-+30. 8 degrees at the last visit. Progression of the
curvature was noted in two of them, but no apparent aggravation was noted in ADL evaluation
and pulmonary function test. Another non-operated case with severe kyphoscoliosis showed an

aggravation in ADL evaluation and manual muscle test, nevertheless her curvature was stable.

* Toranomon Hospital, Department of Orthopedic Surgery
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Spinal Deformity in Spinal Dysraphism

Hisatoshi Baba*, Kenji Nakahashi*, Yasuhisa Maesawa®,

Norio Kawahara®, Katsuro Tomita* and Shinichiro Umeda™

Key words; spinal dysraphism, spinal deformity, paraplegia

Introduction

Spinal dysraphism is a complicated state frequently associated with progressive and severe
spinal deformity which requires prolonged judicious treatment. Orthopaedic treatment varies
according to the individual patient owing to the variation in the dysraphic states. There are
many factors which aggravate patient’s spinal curvature along with neurological deteriolation and
complications’,#’.  The natural course of spinal deformities in spinal dysraphism should be studied
carefully so as to chose the most appropriate treatment for each patient. In the present study,
examination was made on spinal deformities requiring special orthopaedic treatment, commonly seen

in spinal dysraphism patients.
Materials and Results

Fourty-four hospitalized patients with spinal dysraphism accompanied by neurological involve-
ment were studied. There were 31 patients with spina bifida occulta or cystica, 2 with spinal
diastematomyelia, 2 with congenital (epi-)dermal sinus, 2 with congenital kyphoscoliosis, and 7
with the tethered cord syndrome. Twenty-four of the 31 cases had been previously operated
during infancy or adolescence. Scoliotic deformities of more than 15 degrees by Cobb’s method
were seen in 7 of the 31 spina bifida, all of diastematomyelia, and one with the 7 tethered cord
syndrome. These deformities clinically required bracing or some other specific treatment.

1) Spina bifida

Seven patients out of 31 had scoliosis along with other deformities requiring orthopaedic
treatment. They had spina bifida of the upper lumbar spine with moderate to severe paraparesis.
Two had very severe scoliosis or kyphosis with maldevelopment of the pelvis and hip joints, and
were completely dependent on the wheel chair assistance. Thus no surgery had been carried out
for these two cases. The other 5 patients with mild spinal deformities had been put on part-time
thoraco-lumbar bracing for standing and/or ambulation, and required no hazardous pressure sore

care since there was no chance of their contracting cutaneous complications. Seven patients out of

* Department of Orthopaedic Surgery, Kanazawa University School of Medicine, Kanazawa 920
*k Umeda Orthopaedic Hospital, 910 Fukui
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Fig. 1 Case SN., spina bifida of L5 S; s
and lumbo-sacral scoliosis were
demonstrated.

Fig. 2 Case SN.
a: CAT scans revealed entrapment
of cauda equina and film terminale
by osseous edge of S;lamina (a).
b: MRI (TR: 2000, TE: 110)

all of the 31 presented neuro-psychiatric disorders from hydrocephalus associated with spina bifida.

A 45-year-old female (SN) admitted due to unilateral leg pain developed 4 years previously.
She had shown uneven growth of the lower extremities in childhood without any leg pain. Physical
examination revealed radiculopaties of the left 5th lumbar and the 1st sacral nerve root. X-ray’s
showed spina bifida of the L, S;,, vertebrac, and lumbo-sacral right convex scoliosis of 17
degrees. There was very severe malrotation and deformation of the pelvic ring (Fig. 1). Osseous
compression to the dura and nerve roots at the L; and S; level were demonstrated by CAT scans
and Magnetic Resonance Images (Fig. 2). The dura was expansed below Lg vertebra. Surgical
release of the entrapped dura and the 5th lumbar, 1st sacral root resulted in complete elimination
of the leg pain.

Another case (HK) with spina bifida below T,; vertebra presented complete paraplegia below
the Ty spinal cord segment. She had thoraco-lumbar kyphosis of 58 degrees at the age of 7, but
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a b (o}
Fig. 3 Case HK., serial X-ray’s of thoraco-lumbar kyphosis

a: at the age of 4, b: at the age of 12, c: at the age of 20, in sitting position without

brace.
Fig. 4 Case CK. (diastematomyelia)
Thoraco-lumbar curvature aggaravates up to 180 degrees in sitting pos-
ition. There was marked flexibility which required solid arthrodesis.
a: in supine position, b: in sitting position
these curvatures developed up to 74 degrees at the age of 12, The kyphotic curvature was

aggravated from 105 degrees at supine position to 120 when sitting, at present age of 20 (Fig. 3).

The patient been asymptomatic, no specific surgery has been conducted.
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Fig. 5
a: Myelographic block by bony tubercle at L;, b: CT

Case KK. (diastematomyelia)

myelogram, c: CT myelogram also revealed film terminale

in the lower lumbar area.

Fig. 6 Resection of the bony tubercle resulted
in good neurological recovery.

2) Diastematomyelia

In this clinical study, there were two cases of diastematomyelia. Both presented thoracic
myelopathy which had markedly deteriorated in adolescence. The first female (CK) case of 12-
year-old was referred from her local physician for further examination of progressive thoracic
myelopathy and thoraco-lumbar scoliosis.  Her paraparesis below T, segment with left side
predominance had progressively worsened at the age of 10. In present, at the age of 12, she

shows 145 degrees of scoliotic curvature from T; through Lj in the supine X-ray’s, which is
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a b c

Fig. 7 Case NY. (cong. kyphoscoliosis)

a: Pre—op. tomogram, b: Pre—op. myelogram, c: Post—op. 7 months

aggravated up to 180 degrees in the sitting position (Fig. 4). The other case (KK), 13-year-old
female, presented left monoparesis below the L, segment. Myelograms and CAT scans showed
opacification loss of the metrizamide column by a bony tubercle at L, (Fig. 5). Surgical treat-
ment consisted of resection of the bony tubercle and untethering of the film terminale resulted in
excellent neurological recovery (Fig. 6).

3) Other etiologies

In 7 patients with film terminale, only one presented thoraco-lumbar scoliosis with moderate
degree of curvature. No specific bracing treatment or surgery was required. Two patients having
congenital kyphoscoliosis in the thoraco-lumbar spine were surgically treated by a two-stage opera-

tion. In one case (NY) anterior stabilization and fusion were conducted following laminectomy

(Fig. 7).
Discussion

Spinal dysraphism includes different types of diseases occurring in midline vertebrae during
the course of spinal development and growth®5. It is frequently associated not only with spinal
cord and/or cauda equina abnormalities but various spinal deformities as well. Scoliosis or
kyphoscoliosis is the most common feature of the deformities, and sometimes must be surgically
treated even in the case of young generation. It is very important to know what kinds of defor-
mities will occur and the nature their sequera. In spina bifida diseases, when it involving the
upper lumbar and/or lower thoracic vertebrae, severe paraplegia is frequently encountered, so that
the patient depends on wheel chair support. In the present study, two patients with complete high
lumbar paraplegia showed severely deformed thoraco-lumbar spine from infancy. In elderly patients,

spinal deformity sometimes becomes a very difficult problem. Hall and Martin® reported that 101
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cases out of 130 spina bifida, all of whom had finished growth, had obvious spinal deformity.
Thus, a longstanding observation or treatment should be needed for the high lumbar paraplegia
associated with spina bifida. Generally, spinal deformity associated with spina bifida is not
responsive to brace treatment. Thus, it requires surgical correction and arthrodesis. Developmental
curvatures in spina bifida frequently extend from the sacrum to the midthorax. For this reason,
Brown® stressed that the sacrum must be included in all surgical approaches. Schafer® reported
good results obtained from anterior and posterior combined operations on paralytic curvatures.
At present, however, the best treatment remains controversial.

In diastematomyelia, laterality of leg paralysis and pelvic maldevelopment were important
aggravating factors for the spinal deformity. Additionally, vertebral growth was also an accelerating
factor for the aggravation of spinal deformity®.

In conclusion, it is stressed that spinal deformity in spinal dysraphism is closely correlated to
vertebral growth, level of paralysis, and laterality of paraparesis. Patients with spinal dysraphism

with high lumbar paraparesis must be carefully observed over a periord of several years.
Summary

Twelve cases of paralytic spinal deformities associated with spinal dysraphism were examined.
Spinal curvatures were found closely correlated with paralysis, laterality of paralysis, and vertebral

maturations.

Acknowledgments: The authors are indebted to Dr. Ken Tsubota and Dr. Masaaki Higuchi

for their invaluable assistance.
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Spinal Deformity in Spinal Dysraphism
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Fig. 1 Degree of cervical curvature
(Ishihara’s method)
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DSA 3640 FE Sy C5/6 »26%), C4/5 L C6/7
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FEHTEE O SEHEE IR EE grade Jl,  EHIIRANC
73 (Fig. 3). DSA BEcixll & 2 i EihsRusmd
L, BHTUIRIZICE DSA BRIENTIC 23033 B TK
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WG 33.3%, SH5H GiSH 26 13.9%Th -
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Table 1 Affected levels and duration of hemodialysis
1 H# M 2 HE M 3 HE
grade | 1541 grade || 441 grade | 24
i p K grade [ 74 grade [ 34 grade [ 541
i 2241 it 701 it 7
Cc2/3 16 C4~6 2144 C3~6 24
C3/4 24 | C5~7 26 | C4~T 50
C4/5 241 C3/4 24
R JH g / /
C5/6 134 5/6
cé/7 401 C4/5 161
6/7
7 M7 S [H) 12.8 4 15.4 4 12.4 4
L (Grade 0) ki
30
2
i i S i 3 = 166 141
CURSTEE I RE RS HEY (Grade 1) 7
4.7
4 o -0.3
HE IR 0 e o il
-104 Aired
BTG (Grade 11) 0 I T @ rade
2 a
HEfsIRR I OO P/ il
BT R#
2 2 N =34
20 n=51 n=gT $ Grade 0~
TR 0O it 4 20- I n=3';"9 X Grade 0- I
! (Grade 1n1) 101 # Gredo 1o
e st £ o] n6
Fig. 2 Progression of DSA and classification of 10 a=10 n=12
its grade | n=14 i
5~10% 11~155  16~20%F
oy (Table 2), b

FEHANC D200 d B THEBHERT D Cobb 13 (4854 5
LTCw%, Zofili+h 346, §if5Hibi s, #%
Jid 0 RI6HNCERD Hhte, X0 DR b B
EE A EDREBHERI O EAZHEG D, S Bic 1o Lo
MTh-te, & CHIBLED 3 BIE RS R T i
WHET, O ENLORERICE U 7 o C 203
EL T (Fig 4),

Fig. 3 Degree of cervical curvature

a : Grade classification

b : Duration of hemodialysis
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Table 2 Classification of the cervical curvature and kyphosis

KE B K 1141 (30.6%) ' 361 (22.2%) 124 (33.3%) 56 (13.9%)
3 W I
5~104 341 341 20 241
11~154F A 3 441 1431
16~204F 441 249 61 141
S 13. 04 11. 64 14. 94 12. 848
i B 4 M 14.8 1.6 e 0.8
Cobb 14 3,2° 3.9° \ 17. 3° 7.2°
fts  # HHE Y 252 30 (R BB TH 5.

Fig. 4 Subluxation cases

a : 47 yrs male
b : 68 yrs female
c: 68 yrs female

DI E RN E TS Loy LEIENT S O X%
vk, HERTHCRHEAIC R B D g2 B B = & %<
DSA OB S & 2%,
HBIHIVIHAAKIOIRMNE(LZ 2 DSA 0 - - 4
I R CTHh D L2, BHTEEO X MR §ink L7
oL, grade I - M OEET 5 Bl O % %
DSA LR L C & e, MRS I Cuud Ml »
RIMbT 53y, Eloming s &SRR 2
FEREAEL C5/6 Zruly & U FACSAMECIFRE LR O
W L —3T 5P, AMEMEL LHERIZ L - &3 S
MHEHERIRRBHIL B D, FOBE T TR

17 yrs hemodialysis
16 yrs hemodialysis
11 yrs hemodialysis

MU %, R BEHERIC 7 9% & B LA BT
BIAE D, KSR U CHERIIIE OB MR AL A
UHEIIR & 70 . & O T B i SEHE o Bl K
WML WD B2 B, JE DSA fECiItigimik
HIERINE R B L T s oI L, grade [ B T~
LR 203 EEI IR FUIIRA T H . Lo LasiriliEsl
CHEME A 2% &, JE DSA e BRI S
LR AT A S LB D, RO
gt B & B E T 2 BERH 5. FRHELBO 5 bii
I L) hh e B b5 b JAC 709 paEs I R R X7 LT
WAHZ e, ST Ao JRy i RE A 28 L A 5L
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LTRD, 2O ETFAREMECE 24 U &3,

BN Z £ DSA ©f - L L EETREFRLKTH
L. Tey T R BRI IR N T S e AT C

RIS AR Y A0 LBIMMBIRA B 3 5. b h
b Ak BRI AR AR R 1T - oS, Vb
a A N & 18
PESAE & b\ 2 2 AR AR O W % 8.0, DSA 13354 7
A N — Y ADEEET H h FHEFZE 1L enthesopathy
L TIHZDRETHAHEEZ TS,

enthesoperidiscal region | 45D 7 3

T &

1) DSA #REAH O b L.

2) C5/6 wrhulic L FASEHECIFRE L, HEBHER
VIR RCA A U SEMERTER LA 5.

3) IR IIHT0% 3B B, SHEMREE, R

RE R PR EHER O R EVER M E > TEL S b0 &
Exbhbd,

4) RN iR E OHiEZR B LRI & 70 5 03B % e
RIFTREALTH %,

5) XHRIR O WIUIR A AR BRI & 2 5
&, DSA |} amyloid induced chronic inflammation ¢
H b enthesopathy F UTH 2 HNETH5D.

3k

D fi B IERAOSERERER BT 5 Xy
WE7e., H#es3k, 46: 1033-1044, 1968.

2) Kuntz, D., etal.: Destructive spondylarthropathy
in hemodialyzed patients. A new syndrome.
Arthritis Rheum., 27: 369-375, 1984.

3) Suiliakm, il c B i % BT S e B B
FFHERY fi 9 destructive spondylarthropathy o [i;
KYBeEr, FE 23k, 22: 741-748, 1989.

Radiological Study of Spinal Deformity in
Hemodialyzed Patients

Tatsuya MIYAMOTO¥, et al.

Spinal deformity of the cervical spine in destructive spondyloarthropathy (DSA) was studied
with radiological analysis. A lordotic index of the cervical spine was decreased in DSA group,
especially in long-term hemodialyzed patients. The affected intervertebral space showed kyphotic
deformity. This local kyphotic deformity leads the cervical spine to further abnormal curvature
with instability of the adjacent intervertebral space and causes multiaffected lesion. Clinically a
severe local kyphosis is the most important deformity, which often accompanied with myelopathy
and need surgical treatment. An etiology of DSA is unknown, but in the light of our radiological
and histological examination, DSA is shown to be amyloid induced chronic inflammation occuring

at enthesoperidiscal region.

* Department of Orthopedic Surgery, Kyoto 1st Red Cross Hospital
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Key words; congenital cervical fusion, myelopathy, spinal stenosis

Table 1 Combined bony malformations at the

FL®IC craniovertebral junction
TERVESAMERE A, N30 Klippel-Feil Jififf & 7 occipitalization of the atlas R 5 cases "
LTHbhs EhicBHEAECH D, IR A DR atlantoaxial subluxation 4
UCuk, RAEREMED & & A3 53, SR P SHA R 145 61 atlas hypoplasia 2
OFEHHY LA IR D, £ O MRHERAIERE & L basilar impression 1
e A HEDBRBEHERIC 3 1 B TRNEREMEAS (Lo A Ze i spondyloschisis of the anterior 1

arch of the atlas

P, FRIFEERAEOR M SRS TV 5. 4 — —
o], 45 RYESEHERR A EIC 10 2 MIHRAFIR o> FERERE - % W)

ECT 5 2 b x HCiis & nz fe. Cases
20
R 7
1984 4E LA [ 24 o A 3278 Ut S R A SEMERE A RES 101 A % 15-

S Ut BB, LtE1260C, ERE13~T85%, F
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SHER LG, PIRERT L BICH - Fe, emw,:mm W
m“@mmHI@IDGhW®tweﬂLmW . =
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AN, C2-3 A2 % < 204ic iR o (Fig. 0 % Vi | . )
. HERHRA G Cype 1) %, WAHMERRIC X D era & &5 SE " Location
Fan C2-8 XhEflich s b (L) &, C3-4 Fig. 1 Distribution of block vertebrae in 31

cases of congenital cervical fusion
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Table 2 Comparison of group M+ and group M—

group M- group M—
n 12 14
age 61.34+12.5 years 43.6+19.0 years *
adjacent mobile segments
spondylotic change 5 (42%) 0C0%) N
instability 6 (50%) 1(7%) *
saggital diameter of the
spinal canal 13.6+1.4 mm 15.2+1.0 mm *E

* p0.05  *F p<0.01

CASE 1 2 3 4 5 6

=

O

O

AREREEES

0 0006 OO
O N N J

* mm Congenital fusion

O Block on myelogram

. Symptomatic level

Fig. 2 The relationships among the level of fusion, block on myelogram,

and symptomatic level of lesion in ten patients with cervical spon-

dylotic myelopathy

5 pr 3
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PEE L.
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MEMAREE L, AR E L TR o 196 SRR 5 fil%
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fo. I HICMA i, G F 2ok MRI 2 jif7 L e
106> &, Hhiff Lo EEHEREALE X Ot h I
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fo. ok, MERSAR R THERIE Lo ik, H 5P o
SR A 7
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MRI |58 A 53 HERE A3 X O Oy 35 fEHER i
g sk, FWABREEMER & OBYFRICOVL T L7
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1) REBEHEROZE(L
FEABEBENERNC 30 B FHEEMEZE ik 6 $1(19%), HE
IR E ML T B (23%) WCiodte, Thbodinl &
L —H ot B k3 o104 (32%) TH -k,

2) RO RIEHEF

Table 2 12, M-+REEM— ROl Z R, WEBHE
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Rl



184 FRHEE 0

CASE27 28 29 30 31

e & o

NEEREEES

mﬂ Congenital fusion

. Abnormal finding on MRI

Fig. 3 The relationship between the
level of fusion and findings on
MRI in five patients with
spinal cord injury

Fig. 2 42, R F 7k MRI o it St M+
OB S\ B {4 1D B AL, A B AT &
TRABAREAHER & DB fRA 7R3 FEFI 1 ~ 8% type || @
LT, 8 il 5 GILRR B I AN o> FEE
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developmental canal stenosis 23, JE@] 5, 6 T dyna-
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TR I i,
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B EO S HEM R A TR U, S G280 L8 A B A
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6 &5 1y 1991
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4) Nagib, M.G., et al.: Identification and mana-

R gement of high-risk patients with Klippel-Feil
1) Hall, J.E., et al.: Instability of the cervical syndrome. J. Neurosurg., 61: 523-530, 1984.
spine and ncurological involvement in Klippel- 5) Pizzutillo, P.D.: Klippel-Feil syndrome, The
Feil syndrome. A case report. J. Bone and Joint Cervical Spine (ed. by H.H. Sherk, et al.),
Surg., 72-A: 460-462, 1990. 2nd Ed. J.B. Lippincott, Philadelphia, 258-271,
2) [E 4 IE—  BUHERE M 86E < 35 1 5 I HE A E 19839.

(o> fiRe 2RO LW, WdEsh, 190 417-424, 1984
3) Lee, C.K., et al.: Isolated congenital cervical - B ; -
A 4 CRHse 0 B V2 63 11 B AR MET A1 B2 A R 3 s
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block vertebrae below the axis with neurological
symptoms. Spine, 6: 118-124, 1981.

Pathogenesis of Neurological Deficits in Patients with
Congenital Cervical Block Vertebrae

Nobuki SHIRASAKI*, et al.

Thirty-one patients with congenital cervical block vertebrae are reviewed and its pathogenesis
of associated neurological deficits is assessed. According to the classification of Feil, patients were
classified into two types; Type [ - mass fusion of many cervical vertebrac (two patients), and
Type [ -limited fusion at one or two interspaces only (twenty-nine patients). Twelve patients,
consisting of one in Type | and cleven in Type [, presented cervical spondylotic myelopathy
with no history of trauma. In a patient of Type T, the pathogenesis of necurological symptoms
was due to subsequent spondylotic changes or hypermobility of the adjacent mobile segments. In
patients of Type [, it was due to associated spinal canal stenosis rather than instability of the
adjacent mobile segments. Five patients, with Type ] fusion, had cervical spinal cord injury
without fracture or dislocation. The adjacent mobile segments coincided with the symptomatic
level of lesion regardless of whether there is spinal canal stenosis or not.

Under the condition without history of trauma, spinal canal stenosis, not adjacent mobile
segments, is responsible for cervical spondylotic myelopathy. When a major trauma occurs,
excessive stress applied on the adjacent mobile segments may easily result in spinal cord injury

regardless of whether there is spinal canal stenosis or not.

* Department of Orthopedic Surgery, Kagawa Medical School
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Operative Correction of Congenital Scoliosis

due to Hemivertebra

Shoichi Kokubun* Minoru Sakurai* Yushin Ishii**

Takashi Murakami™ Masataro Tani*

Key words; congenital scoliosis, hemivertebra, operative treatment, hemivertebra excision

Introduction

Congenital scoliosis due to hemivertebra has a short and rigid curve. Elongation of the
concave side of the curve using Harrington instrumentation with or without halo-traction was an
accepted procedure previously. But there have been reports3 11 that it resulted in poor correction
or neurological complications in most of the cases. On the other hand, excision of the hemivertebra
is simpler and safer than elongation in theory, but it has long been a challenging problem since
the first report by Royle™ in 1928. From 1974 to 1990 at the Nishitaga National Hospital, 19
children with congenital scoliosis due to hemivertebra underwent operative correction. The first
three patients had eclongation surgery by a four-stage procedure and the last sixteen patients
hemivertebra excision. The purpose of this paper is to describe the evolution of our treatment
and to emphasize the importance of shortening of the convex side of the curve for excellent

correction.
Material and Methods

From 1974 to 1976, three patients underwent a four-stage procedure which consisted of
anterior release, posterior release, posterior fusion with Harrington distraction rod and anterior
spinal fusion in combination with halo-pelvic traction. The average age at operation was 14 years
(range, 11 to 16 years). The hemivertebra was located at T, to L;. The preoperative average
curve was 63 degrees (range, 55 to 71 degrees) of scoliosis and 82 degrees (range, 70 to 95
degrees) of kyphosis.

On the other hand, in 1977, we adopted the concept of shortening of the convex side of the
curve by hemivertebra excision for better correction and shorter fusion. Since then, 16 patients
underwent hemivertebra excision through both anterior and posterior approaches. The average
age at operation was 9 years (range, 3 to 15 years). Excised hemivertebraec were located at T, to

* Department of Orthopaedic Surgery, Tohoku University
** Nishitaga National Hospital
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Preop.

Postop.

ﬁ@@@

/
i

Fig. 1 Recent operative technique of hemivertebra

excision

g

The hemivertebra is excised in one stage. Cotrel

DTT and Dwyer instrument are used to close the k ; . ; .
. Fig. 2 Operative technique of wedge resection of

gap between the laminae and the gap between the : :
the  vertebra forming  hemivertebra

bodies, respectively. .
» TP v through the posterior approach

Hokkaido University compression rod system is
used to close the gap.

Ly level. Hemivertebra at L; level was the commonest. Two hemivertebrac were excised in two
patients, one patient on the same side, the other on opposite sides. In the latter, the hemivertebra
which was located at the lower level and making a smaller contribution to the deformity was
excised by only posteior appraoch812. Scoliosis due to the hemivertebra from a vertebra above to
a vertebra below ranged from 37 to 90 degrees (average, 57 degrees). Kyphosis was 20 degrees
or more in thirteen patients (81%) and ranged from 20 to 84 degrees (average, 42 degrees). In
one patient, unsegmented bar coexisted on both bodies and laminae.

The operative technique of excision has been evolved with increasing experience. In the first
three patients, whose kyphosis was less than 20 degrees, the hemivertebra was excised in two stages
with 3 weeks interval, firstly by anterior and then by posterior approaches. Harrington compres-
sion system was used to close the gap between the laminae. In the next four patients, the
hemivertebra was excised in one stage, and the gap between the laminae was closed with Cotrel
device of transverse traction (DTT). In the last nine patients, the hemivertebra was excised in
one stage as before, but Dwyer instrument was also used to close the gap between the bodies
(Fig. 1).

Furthermore, we devised the new technique of wedge resection of the normal vertebra forming
hemivertebra. Both the body and lamina were removed in a wedge including the pedicle through
the posterior approach and the gap was closed by Hokkaido University compression rod system.
In two adolescent cases of 13 and 14 years, along with excision of the hemivertebra for the primary
curve, wedge resection of the lowermost lumbar vertebra was carried out to correct the rigid

compensatory lumbosacral curve (Fig. 2).
Results

Correction of the deformity at the time when bony fusion was confirmed was analyzed.

In the first three patients treated by the four-stage procedure of elongation, the average
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Fig. 3 Neurological complications due to halo-
pelvic traction

a: abducent nerve palsy
b: hypoglossal nerve palsy (right side)

10 20 30 40 50° (Cobb)

T T 1

Harrington & Halo-Pelvic
(3 patients)

225 61%

2 -Stage Excision
(3 patients)

1 -Stage Excision

510 1400 %

correction rate

Fig. 4 Amount of correction and correction rate of scoliosis

Results clearly improved with the evolution of method.

correction was 26 degrees (42%) in scoliosis and 36 degrees (44%) in kyphosis. The results were
unsatisfactory despite of long duration of the treatment. Morcover, halo-pelvic traction was
complicated by abducent and hypoglossal nerve palsies at the time of maximum elongation in one
patient (Fig. 3).

Correction by hemivertebra excision were distinctly better than by the four-stage procedure
and improved with the evolution of the technique (Fig. 4). In three patients by two-stage
excision, the average correction was 32 degrees (61%) in scoliosis. In four patients by one-stage

excision and correction with Cotrel DTT, the average correction was 39 degrees (67%) in scoliosis



WRAR #6541 1991 189

4 A" -
Fig. 5 Case 3, an 1ll-year-old girl with a corner Fig. 6 Case 15, a 6-year-old girl with a hemi-
hemivertebra at L vertebra at L,
Correction rate of scoliosis by 4-stage procedures Correction rate of scoliosis by hemivertebra
was 40%. excision was 1047%;.

Fig. 7 Case 18, a b5-yecar-old boy with two Fig. 8 Case 17, a 14-year-old girl with a semi-

hemivertebrae at Ty, and L, segmented hemivertebra at L,
Correction rate of scoliosis by excision of two By both excision of the hemivertebra and wedge
hemivertebrae was 71%. resection of Lg vertebra, the spinal alignment

improved remarkably.
and 30 degrees (66%) in kyphosis. Finally, in nine patients whom Dwyer instrumentation was
added, the average correction was 46 degrees (85%) in scoliosis and 26 degrees (66%) in kyphosis.
Case Reports

Case 3. An 1l-year-old girl had a corner hemivertebra at L, with scoliosis of 55 degrees and
kyphosis of 81 degrees. The four-stage procedure using halo-pelvic traction was performed.

Correction of scoliosis and kyphosis were 40% and 19%, respectively (Fig. 5).
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Case 15. A 6-year-old girl had a hemivertebra at L,. By one-stage hemivertebra excision,
scoliosis of 51 degrees and kyphosis of 20 degrees were corrected to -2 degrees (104%) and
0 degrees (100%), respectively (Fig. 6).

Case 18. A 5-year-old boy had two hemivertebrae at T}, and L, on the same side. One-
stage excision of both the hemivertebraec was done. The lumbosacral curve, however, was so rigid
that the gaps were difficult to close completely. The scoliosis of 90 degrees and kyphosis of 59
degrees were corrected to only 26 degrees (71%) and 28 degrees (53%), respectively (Fig. 7).

Case 17. A 14-year-old girl had six lumbar vertebrae with a semisegmented hemivertebra
at Ly. Scoliosis and kyphosis due to hemivertebra were 41 degrees and 40 degrees, respectively.
The lumbosacral compensatory curve was rigid and measured 35 degrees. Both excision of the
hemivertebra and wedge resection of Lg vertebra were performed in one stage. The primary curve
was corrected to ( degrees of scoliosis and 14 degrees of kyphosis, while the lumbosacral curve to

4 degrees. The spinal alignment improved remarkably (Fig. 8).
Discussion

Distraction of the concave side of the curve with Harrington instrumentation which means
elongation of the spinal column is a standard procedure for idiopathic scoliosis even today.
However, it is not suitable for a short and rigid curve in congenital scoliosis, especially due to
hemivertebra.  On the other hand, excision of the hemivertebra has been thought to be much
complicated and risky!®’, but in reality the procedure, which means shortening of the spinal
column, is simpler and safer than elongation.

Historically, Royle”, Compere?” and von Lackum?® attempted excision of the hemivertebra
followed by cast correction about 60 years ago. They, however, abandoned their further trials
because of unsatisfactory results. In 1960s Harrington instrumentation was introduced for correc-
tion of scoliosis, and in 1970s halo-femoral and halo-pelvic traction. For correction of congenital
scoliosis, elongation of the concave side of the curve, the opposite side of the hemivertebra, was
accepted as a method of choice afterwards. It needed three- or four-stage correction which consisted
of anterior and posterior release and distraction with instrumentation® !, On the other hand,
excision of the hemivertebra was tried again by Leatherman®5. Since then, many authors have
reported their theories and operative techniques of hemivertebra excision for a better correc-
tion’6812. In this series, we tried to evolve the technique from two-stage to one-stage excision
with increasing experience. Recent one-stage excision of the hemivertebra followed by Dwyer
screw and cable method anteriorly and Cotrel DTT posteriorly ensured the best correction even in
complicated cases with unsegmented bar or double hemivertebrae.

We also developed a new wedge resection of the normal vertebra forming hemivertebra at
the lumbosacral curve to avoid spinal imbalance which would be aggravated by hemivertebra
excision. Hemivertebra excision might be applicable to more complicated types of congenital

scoliosis in combination with this wedge resection.
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1) Results of operative treatment for congenital scoliosis due to hemivertebra in 19 patients,

three patients by elongation of the curve and 16 patients by shortening through excision of the

hemivertebra, was analyzed.

2) One-stage excision of the hemivertebra followed by Dwyer screw and cable method ante-

riorly and Cotrel DTT posteriorly ensured the best correction.

3) Excision of the hemivertebra is a reasonable concept for excellent correction.

4) Excision of the hemivertebra might be applicable to other type of congenital scoliosis in

combination with a wedge resection of the vertebra forming hemivertebra.

D

2)

3)

4)

5)

6)
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Operative Technique of One-Stage Anterior and

Posterior Excision of Hemivertebra

Shoichi Kokubun*, Minoru Sakurai*, Kiran P. Rijal*
Yushin Ishii**, Takashi Murakami** and Masataro Tani**

Key words; congenital scoliosis, hemivertebra excision, operative technique

Introduction

Congenital scoliosis due to hemivertebra usually has an acute angular deformity. Among
various types of operative treatment most reasonable is excision of the hemivertebra. Recently in
1990, Bradford! reported seven children treated with one-stage anterior and posterior excision of
hemivertebra followed by correction with cast. Indication to their method, however, seems to be
a simple hemivertebra without accompanying unsegmented bar or severe kyphosis. Since 1977, we
also have done hemivertebra excision on 16 patients and have been making efforts to standardize
our technique. We evolved two-stage hemivertebra excision to one-stage excision. Instead of
utilizing Harrington compression assembly in the former, Dwyer screws and cable anteriorly and
Cotrel device of transverse traction (DTT) posteriorly in the latter are used. The correction rate
has improved from 61% to 85% despite its indications were extended to complicated cases?’. The

purpose of this paper is to describe our recent operative technique.
Operative Technique

Procedure is devided into three steps. To avoid the interference with the blood supply of the
spinal cord®, the segmental arteries overlying the vertebral bodies are preserved in the course of
the procedure.

Step 1: Resection of the posterior elements of the hemivertebra

The patient is placed in a prone position, on a four-pillow operating frame or a ventral half
of bivalved body cast to avoid any pressure to the abdomen.

A midline incision is made, from one segment cephalad to one segment caudad to the hemi-
vertebra. The laminae of the hemivertebra and the upper and lower adjacent vertebrae are exposed
subperiosteally. Anomalous anatomies such as spina bifida, disoriented fusion or unsegmentation

of laminae are identified (Fig. 1-a).

* Department of Orthopaedic Surgery, Tohoku University
*##* Nishitaga National Hospital
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Fig. 1 Operative technique ; posterior resection and correction
with Cotrel DTT

a : Exposure of the laminae

b : Resection of the lamina of the hemivertebra and the ligamenta
flava

¢ : Placemet of Cotrel DTT

d : Closing the wedge-shaped gap

The lamina of the hemivertebra is osteotomized at the interarticular portion with an air drill
and removed en bloc with its spinous and inferior articular processes with attached yellow ligaments.
The pedicle of the hemivertebra is removed as far anterior as the body with an air drill. The
detached transverse and superior articular processes are stripped of the soft tissue and removed. The
wedge-shaped gap is adjusted to a desired correction by nibbling the adjacent laminae. The facet
joint on the concave side is kept intact (Fig. 1-b).

The wound is closed temporarily. Removed piece of bone is used later as matchstick graft

for posterior fusion.
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Fig. 2 Operative technique; anterior resection and Dwyer instru-

mentation

a : Exposure of the bodies

b : Resection of the body of the hemivertebra and adjacent discs
preserving the segmental artery

¢ : Placement of Dwyer screws

d : Closing the wedge-shaped gap

Step 2: Anterior resection of the body of the hemivertebra

The patient is turned to a lateral position. The hemivertebra is exposed by an appropriate
anterior approach. In cases with a hemivertebra at the thoracic spine, a rib above the hemivertebra
is resected from the costal angle to the costochondral junction. Cutting the rib one more level
above will help to give a good exposure (Fig. 2-a).

The segmental vessels are isolated and preserved during the procedure. The rib attached to
the hemivertebra is resected from the head to the costal angle. The body of the hemivertebra

and its periosteum are removed with a rongeur or an air drill. Next, the discs including carti-
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Fig. 3 Case 1, a 12-year-old girl with a kyphoscoliosis due to
a hemivertebra at L,

a : Preoperative radiograph showing a scoliosis of 65 degrees

b: A true A-P myeclogram showing considerable compression of
the spinal cord on the concave side at the level of hemiver-
tebra

¢ : Radiograph made 2-year postoperatively. The scoliosis meas-
ured 13 degrees (correction rate, 80%).

laginous plates above and below, and the posterior longitudinal ligament are completely excised. The
adjacent vertebral bodies are frequently found to be deformed into pentagonal shape in severe
cases. They are reshaped according to the correction desired as in a biplane osteotomy of the femur
(Fig. 2-b).

A Dwyer screw, with a washer made by remodelling staple, is placed at the same distance
from the posterolateral corner of the body of each adjacent vertebra and is inserted transversely
across the body. This procedure ensures the canals of the adjacent vertebrae to be placed one
upon another in congruity while correction. The cable is threaded through the screw heads (Fig.
2-c).

Step 3: Simultaneous anterior and posterior correction and fusion

The wound in the back is reopened and Cotrel DTT is applied to the laminae on the convex
side (Fig. 1-c). The gaps are closed by tightening the anterior Dwyer screws and cable and
posterior Cotrel DTT simultaneously (Fig. 1-d, 2-d).

The graft from the lamina or body of the hemivertebra are laid over the laminae for posterior
fusion. The wounds are closed in a routine manner.

Postoperative care consists of recumbency for two to three weeks, followed by an ambulatory

cast or brace for six months or until fusion is confirmed.
Case Reports

Case 1 : A 12-year-old girl had a kyphoscoliosis due to a hemivertebra at L;. The scoliosis
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Fig. 4 Case 2, a 5-year-old girl with a quarter vertebra at Ty,

a, b: Preoperative radiographs. An acute angular deformity from the vertebra above to the vertebra
below the hemivertebra measured 72 degrees in scoliosis and 84 degrees in kyphosis.

¢, d: Radiographs made 2-year postoperatively. The correction was to 17 degrees in scoliosis (84%)
and to 39 degrees in kyphosis (54%). The patient was under brace treatment for the re-
maining scoliosis of 31 degrees.

Fig. 5 Case 3, a 15-year-old girl with a nonsegmented hemivertebra at T, and fusions between
Ty, and Ty; and between L, and Ly

a: Preoperative radiograph. The scoliosis from T, to L; measured 68 degrees.
b, ¢: Design of wedge resection
d: Radiograph made 4-year postoperatively. The curve measured 27 degrees (correction rate, 60%).

and kyphosis measured 65 degrees and 49 degrees, respectively. The bodies of the adjacent verte-
brac were deformed and pentagonal like a home plate of baseball game and had large osteophytes
on the concave side. A true A-P myelogram showed considerable compression of the spinal cord on

the concave side at the level of the hemivertebra. By hemivertebra excision, scoliosis was corrected
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to 13 degrees (80%) and kyphosis to 8 degrees (84%) (Fig. 3).

Case 2 : A 5-year-old girl had a quarter vertebra at T, with a longer scoliotic curve of 76
degrees from T,y to Ly, On the other hand, an acute angular deformity from the vertebra above
to the vertebra below the hemivertebra measured 72 degrees in scoliosis and 84 degrees in kyphosis.
By hemivertebra excision, the deformity was corrected to 17 degrees (76%) in scoliosis and 39
degrees (54%) in kyphosis, respectively. Two years postoperatively, she was under brace treatment
for the remaining 31 degrees of scoliosis (Fig. 4).

Case 3 : A 15-year-old girl had a nonsegmented hemivertebra at T}, and fusions between T,
and T;; and between L, and Lj. The scoliosis from Ty, to L; measured 68 degrees preoperatively
and was corrected to 27 degrees (60%) by hemivertebra excision. The kyphosis from T, to L, was
corrected from 36 degrees to 13 degrees (64%). In this case, Dwyer instrumentation was extended

to Ly body to fuse the L, , interspace (Fig. 5).
Discussion

Our one-stage hemivertebra excision ensures the near-total correction in simple cases. But for
complicated cases, the technique should be adjusted to the corresponding situations.

1) Age at operation

The age at operation of our 9 patients ranged from 5 years to 15 years with an average of
10 years. The body of the vertebra in younger children, especially of the thoracic vertebra, is too
small for placing a screw and is feeble to its corrective force. On the other hand, in the adolescents
the secondary curves frequently become so rigid that a supplementary corrective surgery is needed.
We devised a technique of wedge resection of the normal vertebra forming hemivertebra to correct
the secondary curve preserving as much mobility of the spine as possiblet 6.

2) Location of the hemivertebra

The most favorable location is the upper lumbar spine. L; or Ly, which is fortunately the
commonest location. In the adolescents, however, the hemivertebra at this location is frequently
accompanied by a rigid compensatory lumbosacral curve. Wedge resection of the lower most
lumbar vertebra forming hemivertebra solves spinal imbalance which is aggravated by near-total
correction of the primary curvet®. Lumbosacral curve due to hemivertebra is not an indication for
Dwyer instrumentation because of problems with the common iliac vessels. Hemivertebra excision
and correction with compression force through a posterior approach®® seems to be reasonable
since the curve usually does not exceed above 30 degrees.

As regard to the thoracic hemivertebra, total excision of the rib attached to it can be accom-
plished by our technique. Of course, during hemivertebra excision and correction, too scrupulous
attention can not be paid not to injure the spinal cord. Congenital cervicothoracic or upper thoracic
scoliosis may lead to significant deformity of shoulder and head tilt. Anomalies of the spine are
often multisegmental and of mixed types along with rib synostosis or defect. A hemivertebra
excision at this level was performed by Deburge? in four stages using halo-cast. A one-stage correc-
tion of the deformity by shortening of the spine will be our next target.

3) Pattern of the curve

The curve consisted of a hemivertebra and adjacent vertbrae is an ideal indication for hemi-
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vertebra excision, but it can be extended to longer curve with nonanomalous vertebrae. Leather-
man® recommended to correct and fuse the entire curve with Harrington instrumentation following
hemivertebra excision. In younger patients, however, brace treatment for flexible nonanomalous
arcas after hemivertebra excision seems reasonable to maintain the growth potential of the spine
as long as possible.

4) Kyphoscoliosis

One-stage excision of the hemivertebra in kyphoscoliosis has never been reported. The growth
diturbance in the concave anterior part of the bodies of the adjacent vertebrae also contributes to
the deformity. Correction should be three-dimentional. ~ Since a wedge-shaped gap on the
laminar side needs to be wider than a gap on the body side, a wedge wide enough for desired
correction can hardly be obtained in most cases. In our nine cases whose kyphosis ranged from
20 to 84 degrees (average, 41 degrees), the correction obtained was 26 degrees and correction
rate was 66% on the average.

5) Multiple hemivertebrae

Depending on the level and location of each hemivertebra, appropriate technique of hemiver-
tebra excision and instrumentation needs to be chosen. In our series, double hemivertebrae were
excised in two patients. In one, hemivertebrac at T;; and L; on the same side were excised by the
technique mentioned above through common exposures. In the other, a hemivertebra at L; was
excised as mentioned above and a hemivertebra being at L; on the other side and making a
smaller contribution to the deformity was excised by posterior approach only®®.

6) Failure of segmentation

Semisegmented or nonsegmented hemivertebra, or a fusion of laminae is not uncommon. In
our 3 cases with these anomalies, the anomalous components could be excised without difficulty. As
to the unilateral unsegmented bar, bar osteotomy needs to be accomplished after hemivertebra
excision while the ligaments atached to the bar are left intact as a hinge for correction. We
experienced such a case with two-stage excision of hemivertebra before institution of one-stage

excision®.
Summary

1) Excision of the hemivertebra is the simplest and most reasonable concept for correction of
congenital scoliosis.

2) Technique of one-stage excision of the hemivertebra followed by correction with Dwyer
screw and cable method anteriorly and Cotrel DTT posteriorly is described.

3) Indication is extended to hemivertebra complicated with severe kyphoscoliosis, unsegmented

bar or rigid lumbosacral secondary curve, or even to multiple hemivertebrae.

2) Deburge, A., et al.: Cervical hemivertebra
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H A E BT 5 2 2

C O£ A AMEIEN Y2 (Japanese Scoliosis Society) & #3475 .
C ORIHFREMUEHEL 5O 2 hic B3 2 FREFOKE, HiE BERLOTHIIC
DN TOERF A RAET 2 L X AN ET5.
COETHIGRDO B E ERT 5 DI KO RERTSH .

1. fazobifk

2. St OB

3. EHORHY: =L O HIiEE

4, EEM 7 BREF = L O IIEE

5. FDfbAZD Bk ER A 5 fob b B i
COEORFEBITEME LRI E D, BREEZYL - THKS,
C OO E TERFERFLHBEGNBFEE S <

SBRIERER, #%RA, BEEXAROEYRAL TS,

EE B AR S 2D BB L TR D, FREMEER b oY 2 h & B4

D EREMCET 5 Mk s BE AL, A0 BNCERL, BHEaTRobhid

DETD.

AESBIIBRERCRE T, HEARZCHMOB -1 b O HEE L, B0 kRr 5

HHDLETD,

BRP&BE, CoOZ0HEXYBYL, MEDTEEEY X5 MA F1k kAL

T, BHITHEDbhICHDETS,

ABHAETERR 2H0HELR 51, KREOREBRHCHLALLDL TS,

HAEEZARERXAD T, UYREEOAREZOERCEIN L WHHLXFE2L DT,

LUFDZFHD WFRCHS L, SRV ChERDILD LTS,

1. HABIBIESCHNR L T\ 5 I 2 GERD & o,

2, HABEABESCHBL TR b D,

3. AZHLRAZEZLTWESD, RKEBHACKWTESE L LTERBIRTLARL
H D,

4. ZTOfl, FRCHEEXEXHATEH O,
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(& #®

12 & EEAROHEEESEITT 000 HOESEY BID LT IR bi, BHEBOE
ZETINCIED B

BI3 & BELISETHLOR, TOBEAZOFEBRCMIBEDETH, 2L, BN
KRR Linv, B CTEEEY 2D B Lch 0, i aoHy g%

W5,

CCa=})

B4 K ZOBRCKRDOER TR,
1. = R 1 4
2. % M2 4%

15 G FRUBFESCRVOERL, ek TIET S,

B 16 & BMILIERAOLr» bi a0 E - CRILS s .

BT & ARIZOEERELEHEHMEL, BHESAYHABL T coE0 HED $ITEEH,
5. MRS AL, SROMN LAHHEAYFERL, FEOBITERITS.

18 & EROMEMIR14EL4%,
H019 & WMPREOMINL 3L T5H. KL, THEEDT .

20 K& ZORTAELEENESR ORI T 5 @0, LR UGS, W Sv b
s EnTESD,

B2l & FMERPIER RO E0MEE R, SRC—ET5.

(&Moo ek

22 4% ZozoslNoBEIMESOHEYRE RS TRETS,

(|

1. Zo=AlE, IERISIAE6 25 Hablufr3a.
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FRZY (AAUEHER S A REHE

AL L [EFITT 5.
FEEER JORFZIRAUE L CHANUEEN RS2SR THD Z L2 ETS,
@Ymi%%f%é’&%%?b
A SUE P& UCMREAER o B ARSI EN e SR EHr & L, e d L s ofijggc
%5 EHRTTD,
Rz (K, &, THE &), I ITXTARBEOEMC 2 ©— 2 Hakz
T, FME LTSS CIRLT 2 3D & L, T FRIE ST CHBR~%A 3
HT k.
FISCHSCVE B 5 ¥ 400 35 R MG (20 =x 20 R X0 D) 2 L, &3, M, %,
GH, XE G112 NE T, K, %, FHEE 1> & 400 FiERR A 1K e Kz
HHDETD, HRONRELIEX LAY LORFNE LTH 22 1EEELS. It
B, BAFE Y — F 7 vy 3 — % (i OB A3 205 X 201 4T » 7o b DR b ST 5.
SO H T, FoieSine, TEFERAGERL (HAEZSH) ), THIBARAEE] ©
TEDRIRS bDETE, KEamTLFE, om ml, g ke E4 A L —F5.
DEFXT7 7 €7HT (1, 2, 3, ...) ®flv, ABECTEBITH & F B4 BT EHEE
T35,
WXGRINE, 24754 2 =%\, 2T ALEH O A4 THRCEIAAR—ATLETF
dem, 47 2em (LFODLEE S > Tx A 7L, reference &4 5 P E 35 . Eit
had, B,  ATESNETSTNSE, A, BE, AR OESITIR AT LTS,
KX, #ig &R st 5 |
A SLDIEANT, TREDIER T L key word %2 5 & &
a. FSCESL oY
PeSCihek L BRI, E¥EFS (full name), FijE, 400 words LA OIS b4
ALY 2A TP X TN AR—ATRA T35, H£EE BVHHEE et al. >
W, FT@iE first-author & b 4%
b. IS OL A
RSk - MiscRE, EHEHA, P8, 800 ELNORIVELZRLS .
c. 3&Fho key word 5 HEUNAEZ S,
¥ L OB IERE, W dbosL, FRODOFHPNIKELLE L, 24 751 2 —Tx4
735 GRAMLER, AEFHOMMPCIEEL TR L), K, #£oFKEL Fig. 1, Fig.
ARERE , Table 1, Table 2 ------ w45,
FIAXEIEER DI E 0, MXORBICT L7 » <y MEIEN, A L
T AN, ORI TRICHS 2 &,

C MERREEA Wae)  KE A, B R—v, BTE flal
*%%% PUEE—A 2 ) — = v SO Yk RHGHE— Bk, 55:243-257, 1981
* Yamada, K.: Etiology of idiopathic scoliosis. Clin. Orthop., 184: 50-57, 1984.
MEREA DB RISGRSL, SR E S ARD b DX H WS
LEF AT first author D F LT, f{, et al. LG,
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12.
13.

14.

15.

16.
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b. HATBRIEES Wrk) B4, W RBTE G, T FECErEm), 5l

A=, BT,

fo b 21X

FHge = R AT, BRI B2 5 B, @R, 269-289, 1984.

Guthkelch, A.N., et al.: Diastematomyelia, The Spinal Cord, 3 rd Ed. Igaku Shoin,

New York, Tokyo, 771-789, 1983.

c. WEEHLOBA, HCH T A BAGRRSOE, FEIIER L, MEREALTTE O M
sERHITFREHG, e — <=7 THEE, WTFhic® IRREK (Japanese)
L%,

WBALEENIT S, IR TELRIFRLAF TR, SREBECTREDZ &,

BREROBECOVN UL, MERASCRWTIETS. ok, Hil, R og,

BB NBIET S 2 ERnHBDTH L LD TIRI NI,

BEENE, A, K, &, FEAEDTH D LAY 4 HEPRE 5,000 &L, Zhilz

5L DRBEAME TS,

FUIVE 3080 ¥ Tl bk}, ikl BiX50HEAL CREEL AT L T4, BTk L ORI

STBMAERITHRAERTD . JIBLISERMARIEE T 5.

BRI, BWIEOK D %, BERESREL RSS2 L.

BRI E UCORA Ligwps, [FR7R E TRAO G RN HIUTRFEINCH LS o

k.

A
T280 FHEFZE 1-8-1 THERFERFEEMIFIBEN
HAMESEN St 2R BR B 0472-22-7171 PIfR 2208

*

*

w & £ B
RO KA M KE W K% 3 NI S
& H & el R B Ik — il B 2 5 QA

[l L £ E W {5 E CERUI
I AE 17 AR e A 1w W FH Y
(FEAFFID
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SERR 3 4FE 4 A12H 74T
w4 H R M EE AF 98 &
T280 TIEWI XM 1-8-1 e HETE T E R G 2-1-4
TR AR/ B B RN Fur ey b I AE L
FATAT B AMIBHER R Sy P L= i
TEL 0472-22-7171 (P 2208) TEL. 03-3234-4121 ({Q)

SR CAEG A ARSI hD L, RETRETLETOCT, FHRHET TITHEE LI,
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