TECHNICAL REPORT
RERF TR 2-81
X M O® & &

COMPUTED TOMOGRAPHY OF POSTERIOR LONGITUDINAL LIGAMENT
OSSIFICATION: ITS APPEARANCE AND DIAGNOSTIC VALUE WITH
SPECIAL REFERENCE TO THORACIC LESIONS

B EBTILED CTR, BHICH#ERETD
AR EZHMMEICODVT

JUNJI MURAKAMI, M.D. # b4

WALTER J. RUSSELL, M.D., D.M.Sc.
NAOFUMI HAYABUCHI, M.D., D.M.Sc. ## 5 X
SHOJIRO KIMURA, M.D. A#f03 g5

Al

RERF
RADIATION EFFECTS RESEARCH FOUNDATION
MEEA K& KR ¥ EWRE M

A Cooperative Japan — United States Research Organization
H X # B M % # B8



ACKNOWLEDGMENT
A&

The authors are indebted to the personnel of the RERF Clinical Contacting Section
for facilitating the examinations of the patients in this study. They thank the
radiologic technologists, especially Hideo Takaki, R.T., RERF Department of
Radiology, and Kazuhiro Masuhara, R.T., Computed Tomography Section,
Department of Radiology, Hiroshima Prefectural Hospital. They are grateful to
Mrs. Grace Masumoto for her assistance in preparing this manuscript.

EHESEZOMRIZYEY, BREOBREISIAFICITAS L3128 hu 70 - BFEE
BOH A CERBOEE ET. Fo, BB O RS IREEAT, 2R E AR SEHE R 0I5 SR B R
BHBRCT 7 ya vOREBEHMBEMERIZHEELET. FIZZORERMO I
B AMRRIKOMBINICH LIRS BHRT 5.

A paper based on this report was published in the following journal:
Journal of Computer Assisted Tomography 6:41-50, 1982

FHRECE IR LB LEOEZER BB s ML,

RERF TECHNICAL REPORT SERIES
MmEMKxMBERE

The RERF Technical Reports provide the official bilingual statements required to meet the
needs of Japanese and American staff members, consultants, and advisory groups. The
Technical Report Series is not intended to supplant regular journal publication.
HREBIE S AT AL, LRSI LY, MR, BB o SRS 2 A 22 o L SR aB 1
FANRMELBRTHS, EHIEMEEIMAOE L RLEZFLCHEILEOTIE L .

B e e

The Radiation Effects Research Foundation (formerly ABCC) was established in April 1975 as
a private nonprofit Japanese Foundation, supported equally by the Government of Japan
through the Ministry of Health and Welfare, and the Government of the United States through
the National Academy of Sciences under contract with the Department of Energy.
Mt WA (JLABCC ) 13, BBAISOE AR 1N AMEALLTRREL2L0T, 080 HKBBIFO
PEABILD, OAGHEEEOMBE, XERI A LF-HLORHCRTOREFLROMMEL 26T
MEENTVS.,



RERF TR 2-81

e RADIATION EFFECTS RESEARCH FOUNDATION
RERF w @& A H # & ¥ % %

Research Project %232 588 11-78

COMPUTED TOMOGRAPHY OF POSTERIOR LONGITUDINAL LIGAMENT
OSSIFICATION: ITS APPEARANCE AND DIAGNOSTIC VALUE WITH
SPECIAL REFERENCE TO THORACIC LESIONS

BREYBBLED CTR, HICHHERED
B C2HEECO VT

JUNJI MURAKAMI, M.D. ( #f L#t# )'; WALTER J. RUSSELL, M.D., D.M.Sc.';
NAOFUMI HAYABUCHI, M.D., D.M.Sc. ( F# %3 )'; SHOJIRO KIMURA, M.D. ( A##3 £ )2

RERF Department of Rad:‘ologyI and Department of Radiology, Hiroshima Prefectural Hospt’ta12

TSR WIF B A AR T B O U O IR S TS 9 B R 2

SUMMARY

An earlier review of the lateral chest radiographs
of 8,610 Hiroshima and Nagasaki Adult Health
Study subjects revealed 48 persons with posterior
longitudinal ligament ossification (PLLO) in the
thoracic region. Seven additional PLLO cases
detected outside that observation period brought
the total to 55. Among them, 15 patients with
neurological signs and/or the greatest degree of
thoracic PLLO were selected for computed
tomography (CT) of the spine in the present
study. CT proved extremely valuable in identify-
ing the location, shape, and severity of PLLO.
In two cases, CT differentiated some lesions
previously regarded to be PLLO as actually due
to hypertrophic margins of vertebral bodies.
Possible explanations are included for the
development of the laminated or tandem type
PLLO, and PLLO which is located laterally
rather than in midline.

INTRODUCTION

Like posterior longitudinal ligament, PLLO
usually courses in midline along the posterior
aspects of the vertebral bodies. In varying
degrees, PLLO occasionally occludes the spinal
canal, resulting in severe spinal disorders. For
this reason and because it reportedly occurs
more frequently in Japan than elsewhere,
PLLO has received much attention and the
Japanese Ministry of Health and Welfare has
designated PLLO a special disease warranting
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detailed investigation. Since 1975, nationwide
surveys have been conducted by the Japanese
Ministry of Health and Welfare for this purpose,
especially to clarify its manifestations in the
cervical region.

Recently, with the assistance of Japanese
investigators, a number of PLLO cases have been
detected in Southeast Asia'™® with nearly the
same frequency as in Japan. After the first
report of PLLO in two Caucasian patients by
Minagi et al,‘5 an increasing- number of cases
have been reported in Western countries.”
Yamauchi et al'* discovered two cases of cervical
PLLO among 854 Caucasian patients at the
Mayo Clinic.  Though its prevalence among
Caucasians (0.2%) is lower than that in Japan
(1%-3%),"™" PLLO is no longer considered
as rare as previously.

Yet, the etiology, pathogenesis, and numerous
other features of this disease are not completely
understood. Thoracic PLLO has not been fully
investigated because studies of PLLO began with
observations of the cervical region of symptomatic
individuals,

With its improved quality CT has become useful
in diagnosing disorders of the spine and spinal
cord.?®*?  Fine calcifications and ossifications
not clearly identified using ordinary X-ray
apparatus can be detected by CT. This is a
report of the CT findings of 15 patients with
PLLO of the thoracic, cervical, and lumbar
regions.

MATERIALS AND METHODS

The RERF Adult Health Study (AHS) is a long-
term clinical investigation for detecting late
effects of the atomic bombs among a fixed
population sample originally numbering 20,000
subjects in Hiroshima and Nagasaki®  All
participants routinely receive complete physical
examinations and laboratory studies biennially.
Posteroanterior stereoscopic and lateral chest
radiography are included. Examinations of other
body sites, including radiography, fluoroscopy,
and ultrasonography are performed when
clinically indicated.

Ono et al* reported 55 cases of thoracic PLLO
in a review of the lateral chest radiographs of
8,610 Hiroshima and Nagasaki AHS subjects.
Fifteen of these with the greatest degree of
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spinal canal occlusion on lateral spine tomography
and/or the most severe myeloradiculopathy
on mneurological examinations performed by
neurologists were selected for spinal CT. Though
11 of the 15 cases were diagnosed as having
minimal myelopathy and/or radiculopathy, there
was no definite neurological evidence of spinal
cord involvement.?* There were 12 females and
3 males whose ages ranged from 49 to 85 years.

In addition to having thoracic PLLO, 5 of the 15
patients had cervical PLLO, 2 had lumbar PLLO,
and 4 had combined cervical and lumbar PLLO.
CT was performed at the levels of involvement in
the cervical, thoracic, and lumbar regions.

For 13 of the patients, CT scans were performed
using a General Electric CT/T X 2-8800 in the
Department of Radiology, Hiroshima Prefectural
Hospital. For two of the patients CT was
performed using a Toshiba TC/T 60A in the
Department of Radiology, Juzenkai Hospital,
Nagasaki. In Hiroshima, except for three cases,
“slice” thicknesses were 0.5 cm; the window
level was 200; and the window widths, 500 and
1,000. In Nagasaki, the conditions varied. A CT
localizer described elsewhere greatly facilitated
the localization of the lesions in this series.?®

RESULTS

Structure and Location

The various shapes and locations of the PLLO
observed using CT are shown in Figure 1 A-L.
Some of the ossifications were irregular in shape,
but most were ovoid or oblong (A-E).
Anatomically, the posterior longitudinal ligament
isin midline and attached to the posterior aspects
of the vertebral bodies, but PLLO was occasional-
ly observed unattached to the vertebral bodies
(F), and sometimes it was asymmetric (G, H).
Among the 15 PLLO cases in the present study,
2 were encountered which had a laminated
appearance in the lateral projection using plain
radiography and a tandem appearance with CT
(Figure 1-I & Figure 2). The typical appearance of
thoracic PLLO on lateral tomography and CT is
shown in Figure 3. In the lateral projection the
ossification appeared linear, but CT revealed it to
be of a different shape (Figure 3D).

Occlusion of Spinal Canal

Using the CT examinations, the maximum
occlusion of the spinal canal was assessed in two
ways: a) the percent occlusion was calculated as
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Figure 1. Various shapes of PLLO. A: Thoracic PLLO of ovoid configuration, nearly 50% of the
spinal canal is occluded (Case 3). B & C: Cervical PLLO of ovoid configuration of lesser degree
(Case 4). D & E: Lumbar (D) and thoracic (E) PLLO of irregular configuration (Cases 2 & 10).
F: Lumbar PLLO not attached to the vertebral bodies (Case 15). G & H: Cervical (G) and thoracic
(H) PLLO not situated in midline (Cases 12 & 9). I Cervical PLLO, tandem type (Case 4).

M1 PLLO ®ZFFM.  A: SIMEONHE PLLO. RS 12IZITS0% DM A 6 h 5 (456 3 ).
B, C: JBMEOHME PLLOTAL Y BEO L O GEM4). D, E: THEEOEH (D) % Ul
(E)PLLO (fEffl 2 % 0'10). F: HEf& 1z {335 L T % O BEHE PLLO ($E15). G. H: Erpg |
12478 LTV EHE (G ) R UMeHE (H ) PLLO (AEfI12%&1F9 ). 1: # ¥ 7 AR PLLO (4Ef# 4 ).

Figure 2. Laminated type of PLLO in the lateral projection and tandem type on CT at the level
of C6 (Case 2).

12 C6 e, MEMEIILt-THEDABRYUPLLOT, CTTHY »7FLEE&82T5
(4Ef 2 ). -



Figure 3.
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Thoracic PLLO at T6 and T7. The PLLO appears linear on lateral

tomography but is irregular on CT (D) (Case 10).
3 T6 RUT7 (2&i7 508l PLLO. D O#ELIZ&#WT, PLLO MY ¢ gkt, CT T

TR E 23 3 (ERIL0).

the ratio of the thickness of the ossification to
the anteroposterior (AP) diameter of the spinal
canal (Figure 4A); and b) the maximum occlusion
of the spinal canal was determined from the CT
scans using the ratio of the ossified area to the
area of the spinal canal in cross section
(Figure 4B). These areas were calculated by the
computer in the scanners.

The correlation of the maximum percentages of
occlusion is shown in Table 1. The maximum
areas of occlusion according to CT ranged from
8% to 50%. In general, the percent occlusion
according to area was smaller than that according
to AP diameter. The lateral tomogram and CT
of Case 1 which revealed the greatest degree of
occlusion (50%) is shown in Figure 5.

Unusual CT Findings of Ossification in the
Lower Thoracic Region

As shown in Table 1, the precise percentages of
occlusion of the spinal canals of Cases 14 and 15
could not be determined using CT because their
ossifications were near the corners of the
posterior margins of the vertebral bodies (Figures

L TR A3 L (M4A ), b) FEFOm & &1t
MOmEME DFEL L TFEREEREL L (H4B ).
CheO®EMIE, A Iy Ea—%—10k>T

At s hrz.

BREREOMMELZELIZRT. CTICL-TK
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HHUh, MRICL3EBEDHFAEEIzILI LD
I/ E VI ERL 2. RS () 50%%
BLAGER 1 OMERFESEEY CTRERS 127 T,

B THEOBERICSGZIEECTHA

FLIR L& 1D, HCEAHERBRFO MBI < IC
A 5N AER4 R OIS TIx, WA o IEFE % k%
REFECTILL2THETEL P22 (HE6EVT).
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TABLE 1 CORRELATION OF MAXIMUM PERCENT OCCLUSION
BY CT IN THORACIC PLLO
#1 Mt PLLO @ CT Iz k 2 kERRO M

Maximum Occlusion

Case No. MF No. Age Sex
Area AP Diameter

1 71 F 50 % 53%

2 58 M 34 41

3 50 F 30 46

4 54 F 26 38

5 49 F 21 31

6 59 F 20 42

7 71 F 20 33

8 64 F 15 29

9 63 F 14 33
10 52 M 13 31
11 54 F 10 29
12 68 F 8 22
13 70 F 8 17

Two PLLO cases (Case 14, MFi and 15, MF

) with

abnormalities at T12-L1 thought to be due to PLLO on conventional
radiography and tomography were omitted from this table as the
T12-L1 abnormalities were found to be due to degenerative arthritis.

fEN O P R W R T PLLO CEET 3 &%z 5 haR5 4 T12-L1 12
#oshnrPLLo 2 EmR, MF B o5 vepm) s, s@0
METIE, AL 2HICHITS TIZ-L1 ORBEEHMEMBRIZ LS 2 &0

BholknTInR,EBERIL L.

alp

3
aYa

b 100 (%)
la

A

N

Sb 100 (%)
Sa

B

Figure 4. Percent occlusion of the spinal canal by PLLO, according to
CT, by AP dimensions (A) and areas (B).

F4 CTTOMMBEE(A)RVEM(B)I2%-T< PLLO (2 & 5 FiEW o

6 and 7). They had bridge-like ossifications at
T12-L1. With CT, the ossifications appeared
broader and more laterally located from midline
as in Case 14. However, this case had typical
PLLO at T2-T3, which was not imaged by CT.
The ossification of Case 15 was irregular and

i AE R T 1d T12-L1 (2R o Bt Ao shiz. CT
T, B IEERET, EhEr s@AIcRAEL
Twi (FERL4). LALZOFERCE, T2-T3 2
A PLLOAE® s v =A%, CTIZk3HE R
Efashhbh o, EHISICHT 5L TR
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Figure 5. Fifty percent occlusion calculated by Figure 6. This ossification at T12-L1 is broader
CT. The patient had no significant neurological and laterally located from midline (Case 14).

findings (Case 1), 6 TI2-L1 5452 OBLBIES, EFRE D
M5 CTTH%OFERLADENFGL, AELEMEE 75 12 1L At o (5EfI14) .

Iyl S o> 7 R (GER L)

Figure 7. The irregular ossification at T12-L1 (A—C) lateral from midline is
apparently due to degenerative arthritis. The ossification at L2-L3 (D) is due to
PLLO (Case 15). !

47 Ehg,SMAIRELTYS TI2-L1 (A—C)ils 3 3 TEBO LI, N5 %
1I2& 5. L2-L3 (D) st 52 ELHE PLLO 1z 8E+ 5 (4EH15) .
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Figure 8. Bridge-type PLLO on lateral tomography and on CT (Case 9).
[Z8 {0 b G e 52 B OF CT T3 % 6 1 5 65 PLLO (FEfM 9 ).

located laterally from midline at T12-L1. This
case also had definite PLLO at L2-L3 (Figure
7D), and at C4, C5.

In contrast to these cases, Case 9 had bridge-like
ossification in the lower thoracic and upper
lumbar regions as shown in Figure 8. Using lateral
tomography, bridge-like ossifications were
observed at T12-L1, L1-L2, and L2-L3. CT
revealed these to be typical PLLO.

DISCUSSION

Some results of CT examination of cervical PLLO
have recently been reported.!!7132226728  poy.
ever, there is no report in the literature dealing
specifically with CT assessments of thoracic
PLLO, partly because thoracic PLLO may not
cause severe myeloradiculopathy, but chiefly
because the lesions in the thoracic region can
more easily be overlooked. Ono et al,?* reported
that the prevalence of thoracic PLLO in the
AHS sample was 0.6%, but according to the
Japanese literature,'*™!® the prevalence of
cervical PLLO was 1% to 3% among patients
with cervical symptoms.

According to Goss,?® the posterior longitudinal
ligament extends-from the clivus to the coccyx.

T, T12-L1 ik TIEPELGREL TS, 20D
filix, L2-L3 (7D ) &V C4,C5 (ZMHE% PLLO
ERHL TV,

IS O & IR, BT 85 R UM L
RO AT 5 N A AEHI 9 % X 8 (234, (Wi
kT, EiRo&yt: T12-L1,L1-L2, RO
L2-L3 @ 5h k. CTTIxMmEMSE PLLO A
FEowoshi.

£ B

JEiE, MM PLLO 1B+ 2 CT O#REIF@EshT
VB TR e L HigdE PLLO @ CT ff R %
REW IS N2 &S0k IZ v, R8Iz,
T PLLO A E M 2 FHfifERE2L 5 L2 w
HTHBHN, FELTHEDREFES IZREE
EhRTuZEicEs. AFSHITINE, KA
S T PLLO O BB #120.6%TH 5
A, HAEO LS 2L hiE, BHEEREEHIT
DOFM PLLODHEHRHEILZ1%—3%TH-1.

Goss? 12 & L IE, HMEHW FHE» 5 BH & Call 3t
ULCHET 5. HAER UMM Lo ST,
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Within the spinal canal of the cervical and upper
thoracic regions, this ligament is thick and nearly
uniform in breadth, but in the lower thoracic and
lumbar regions it conforms to the posterior
concavities of the respective vertebral bodies.
It is broadest when overlying the disks and
narrowest and thickest when overlying the
vertebral bodies, where it is separated from the
bones by the basivertebral veins (Figure 9).

Comparison of the CT manifestations of cervical
and thoracic PLLO revealed no feature which
was characteristic of thoracic PLLO. The various
shapes of its ossification have been found to be
similar to those of cervical PLLO, However, as in
Figure 3, broader ossification was noted at
Section D, corresponding to the vicinity of the
intervertebral disk. Considering the anatomy of
the posterior longitudinal ligament, this variation
is quite understandable. This tendency for the
ossifications overlying the intervertebral disks to
be relatively broad can be observed in some of
the cases in the present series.

We encountered two cases with ossifications
situated laterally. Kadoya et al’®'?” have reported
similarly, but offered no explanation for this.
According to the anatomical study of Suzuki®®
on anterior and posterior longitudinal ligaments,
microscopically, the posterior longitudinal
ligament is fixed to the vertebral body by its
numerous digitations. At the level of the
intervertebral space, the ligament is thin and
broad and intimately bound to the annular

RERF TR 2-81

Figure 9. Posterior longitudinal ligament of the
vertebrae in the lumbar region. (After Gross®?)

MEGR I 1 AR o M. ( Gross® 12k 3)
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fibers of the intervertebral disk. Thus, it seems
impossible to consider the ligament as being
situated laterally. We presume that partial
ossification of the ligament can account for the
laterally located PLLO.

We encountered two cases with unusual ossifica-
tions in the cervical region (i.e., a laminated type
visualized in the lateral projection and a tandem
type on CT, Figures 1-I and 2). Our search of
the literature revealed only one reported case of
this type of ossification similar to that of ours;*!
however, there was no comment or explanation
for the condition. Possible explanations include:
a) coexisting posterior protrusion of a calcified
intervertebral disk, and PLLO; b) the inclusion
of ‘a nonossified layer between the PLLO; and
c) ossification extending caudad to the superficial
layer over the segmented PLLO. Lee et al*! have
reported the posterior protrusion of a calcified
intervertebral disk, similar to PLLO, observed
with CT. Considering the laminated appearance
of PLLO on lateral radiography, the first
hypothesis is less likely. “The posterior
longitudinal ligament consists of superficial
layers occupying the intervals between three or
four vertebral bodies, and the deeper layers
which extend between adjacent vertebral
bodies.”?® The progression of PLLO posteriorly
is thought to occur successively at certain levels.
Therefore, it seems impossible to attribute the
double layer of ossification to a nonossified
inclusion. It seems most reasonable that an
ossified zone which initially presented as the
segmented type of PLLO, subsequently extended
as a superficial layer over another ossified layer
in the course of its vertical development. In one
case of the present series, laminated ossification
in the thoracic region (Figure 10) was not
imaged by CT. This case supports our third
hypothesis that the ossification extends caudad
as a superficial layer over the segmental PLLO.
Further studies are necessary to clarify these
findings.

No fine ossifications, such as one might anticipate
visualizing with CT were identified. Table 1
shows the correlation of percentages of occlusion
of spinal canal by PLLO, calculated in two ways:
a) the AP dimension of PLLO vs that of the
spinal canal, and b) the area of the PLLO vs
that of the spinal canal. Reports of cervical
PLLO in the literature indicate that severe
neurological deficits often result when the spinal
canal is occluded more than 40% on lateral

10
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REMHEL LTHERL T LEILZOF R R YT
LB bhs. G RELERET S50 1H#
(B10) 122w Tid, CTHREZZUHTVAEVN, 20
FTIE, FLiEaEE PLLO® Iz ML LT
THERT S LVIEESD) OEHLEHFETE
LOTHA. ZhEDHFII>VTIFEIZLERAFT 32 &
PUETHS.

CTCHERTE TR MM L BItRDOHEE
BEbsharo k., 11X, ZOQHEFET
PLLO (2 & 52 WHEOHREEDOMHEMELR L TV
a) FREEFE QA% ZEIZT 5 PLLO OFI&#E, RU
b) HEFOFEMIZAH T 5 PLLO @ W #iH PLLO
ZMT AaXEic kR, MEKBRETCHFE®ED
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Figure 10. Laminated type of PLLO in the thoracic region.
10 BaEbic 5  5 FIRE PLLO.

32,33 4
T.26 27

tomography, and more than 30% on C
Occasionally cases with severe occlusion present-
ing no neurological findings have also been
reported. The spinal canals of some of our cases
appeared to be more than 40% occluded based on
the AP measurements of the PLLO and the
spinal canal, and more than 30% occluded based
on the area of the PLLO and that of the spinal
canal. However, these patients had no severe
myeloradiculopathy. The CT findings of one of
these are shown in Figure 5.

Our classification of PLLO by type includes one
which bridges the interspaces between the
vertebral bodies. This type of PLLO is often
seen in the lower thoracic and upper lumbar
regions.”® It sometimes cannot be differentiated
from hypertrophic osteoarthritis when only
lateral radiography and conventional lateral
tomography are available,

Wakano et al*?> and Gonsalves et al?® reported
the CT manifestations of cervical spondylosis.
Spondylosis usually encroaches from the lateral
aspect of the posterior margin of the vertebral
body.3* One of our cases illustrates this and is
similar to cases which have been reported
(Figure 7).2*??  The ossification of Case 14
(Figure 6) appears more like bilateral hyper-

11

WA AA0%L, LB CTTIE30% L L% 55
BEEB S B EF L LEETS i
HMEENMREFE LA VEEOHEERbHRE AT
VE. AEEAROFE TR, FESAA%RE
LTd0%LL L, mHT30%L Lk L TwaEN
WhekIThHa. LAL, ChoDBEIZIIERS
HHiMERETRO W 220k, 2055 1HO
TR ®E 5 IR L £

AWEICEHIT A4 O PLLO O BB S53H 121k, R
MIzAG2 RG22 &5 2Bt HFH 5. Zoflio PLLO
., LU IEMaHE Fal B O M Bz a s hs
100 i L HE A B UM R R o AT G T i L A T &
TVHEE, BRE L TIRE R Mk e BT A
ZETE &N,

I 5 B U Gonsalves 5™ 13, CT TR =%4H
MHEHHIEOT RAHE L Tvwa. FHOERIE, Hik
FBmOME» SEEST L. Z0RBERTEES
OLVIEFIZ, RE =N T3 MO ER? LER
LTwa (7). fEH14(F 6 ) o-F{tiix, PLLO
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trophic degenerative arthritis than PLLO. How-
ever, the possibility of these two conditions
coexisting cannot be excluded. The typical
“bridge-type’” ossifications can usually be
observed at several different levels, and they
seem to some extent to involve longitudinal
extension at some levels (Figure 8).

This study thus succeeded in clarifying some
misconceptions concerning the morphology of
PLLO. The degree of spinal canal occlusion was
found generally to be somewhat less with CT
than with plain lateral tomography. Hypertrophic
vertebral margins were better differentiated from
PLLO. Possible explanations are offered for the
development of the laminated or tandem type of
PLLO, and for PLLO which is situated laterally,
away from midline.

&0 LM AED BFEEEEEREE R TR S kD
THd. L2L, ThE5Zo0REBHFHET 5 THE
IS EE T & &, AR 2 R, EE
BOPORLIMBATHRDLN, £, HAMARIC
BUWTIR, b2BEHMITMIZERTLILITHS
(8).

LDlEzoffEizLn, PLLODERIZHML Ti#Es/k
—HOWME LRI T A AT E A FHEDHESRE
iz, AEEFICE3EDECTICEZLD
DOHHPEIEBETR T LRGP HEEFED
BEHZEIEPLLO EEHTEZ, FIKEL &
5 v F AR E 243 PLLO @352, Frhk oy
ARTEL 72 PLLO ioWwWTHE LB S HM A N2 /2.
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