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SUMMARY B
All lateral chest radiographs of 34 persons with ) ) i i
posterior longitudinal ligament ossification Watie i e B0 A5 BHALAE, 3400+ T O Wb %,

(PLLO) in the thoracic spine were reviewed for
date of its onset and its progress. These
observations spanned as long as 18 years. Upper
mid-thoracic PLLO first appeared under the age
of 40, then increased in extent in the vertical
axis until the age of 50. Lower thoracic PLLO
occurred later than upper mid-thoracic PLLO.
In the lower thoracic and lumbar regions,
degeneration of the vertebrae and discs apparently
were focal factors which triggered the develop-
ment of thoracic PLLO. PLLO apparently
developed in a different way in the upper and
mid-thoracic regions, where the vertebrae and
discs were unremarkable at the time of its
initial appearance, and degenerative abnormalities
did not predispose to it.

INTRODUCTION

During the 19 years since the first report of
Tsukimoto' regarding posterior longitudinal
ligament ossification (PLLO) of the cervical
spine, there have been few descriptions®~* of its
progression, and none dealing with its progression
in the thoracic region. This report describes the
results of a retrospective review of all lateral chest
radiographs of 34 Hiroshima persons with thoracic
PLLO, all members of the RERF Adult Health
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Study (AHS)*, a fixed population sample,
Thoracic PLLO as a dynamic entity is also
discussed.

MATERIALS AND METHODS

The present investigation was based on observa-
tions of participants in the AHS, a long-term
follow-up program involving biennial clinical
examinations of atomic bomb survivors and
comparison  subjects, originally —numbering
20,000, for the detection of late ionizing
radiation effects of the A-bombs. All AHS
subjects receive complete physical examinations,
laboratory studies, and posteroanterior stereo-
scopic, and lateral chest radiography. Other
examinations are performed when clinically
indicated, including radiography and fluoroscopy
of other body sites. All radiographs are
permanently retained and are available for
comparison during longitudinal investigations.

In another investigation, 41 Hiroshima and 14
Nagasaki AHS patients with thoracic PLLO were
detected, and their radiological and neurological
manifestations were established.”  The sites
involved by PLLO in the 34 Hiroshima subjects
are shown in Figure 1. All lateral chest
radiographs of the 34 persons were retrospectively
reviewed to trace the progression of thoracic
PLLO with time.

The Nagasaki cases were excluded because some
of their earlier radiographs had deteriorated
from poor film storage conditions during earlier
years. Also, 7 of 41 Hiroshima cases were
excluded because of their short observation
period and under penetrated or deteriorated
radiographs. Thus, a total of 34 thoracic PLLO
subjects biennial radiographs were evaluated.

Though it was occasionally difficult on plain
lateral radiographs to observe the posterior
margins of the upper thoracic vertebral bodies
when they were obscured by the scapulae and
extensive soft tissue, comparisons of serial
radiographs of the same individuals greatly
facilitated the evaluations. The ossifications in
the mid-thoracic region were readily scrutinized.
Most of the cases were observed for more than
18 years.

RESULTS
The subject ages at first and last examinations, the
observation period, and the age and site at which
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FIGURE I RADIOLOGICAL MANIFESTATIONS OF THORACIC PLLO, HIROSHIMA
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TABLE 1 PROGRESSION OF THORACIC PLLO

Fe 1 FadE e W L E o o Ak e
Age at Last Age at First Observation Period i i
Case  MFNo.  Sex  Fygmination  Examination e iﬁ)ggg;gg it
\ Upper Mid-thoracic PLLO
1 F 61 42 19
2 F 47 29 18 35 (T7)
3 F 54 35 19 39 (T5, T5-6)
4 F 68 48 20
5 F 75 57 18
6 F 55 36 19
7 F T 58 18
8 F 1 52 18
9 F 17 62 15
10 F 74 54 20
11 F 55 35 20 37 (T8)
12 F 49 31 18 35 (T7-8)
13 M 66 46 18 52 (T7-8)
14 F 70 51 19
15 F 63 41 22 49 (T8)
16 F 59 39 20
17 F 47 29 18
18 F 52 32 20 36 (TS5)
19 F 59 39 20
20 F 46 24 22 40 (T6-7, T34)
21 F 70 50 20
22 F 64 43 21
23 F 47 34 13 41 (T5-6)
24 F 52 34 18 36 (T7-8)
25 F 63 43 20
26 F 85 68 17
27 M 58 39 19
28 F 76 58 18
29 M 52 31 21 40 (T6-7)
Lower Thoracic PLLO
30 F 54 34 20 47 (T12-L1)
31 F 63 41 22 46 (T12-L1)
32 M 58 38 20
33 F 72 55 17
34 M 79 63 16 67 (T12-L1)

thoracic PLLO first appeared are shown in
Table 1.

Upper Mid-thoracic PLLO

Among the upper mid-thoracic PLLO cases,
PLLO first appeared in the third, fourth, fifth,
and sixth decades in 1, 8, 2, and 1 persons,
respectively. PLLO was already present at the
first examination of four persons less than 40
years of age. The PLLO of 13 of the 16
documented mid-thoracic PLLO cases first
appeared at the age of 40 and under.
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FIGURE 2 PROGRESSION OF THORACIC PLLO BY AGE
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To assess in greater detail the development of
PLLO in the upper mid-thoracic region, the
radiographs of 24 cases whose entire thoracic
spines were very well visualized were scrutinized.
Figure 2 shows the axial extent of thoracic PLLO
by age according to lateral -chest radiography.
Upper mid-thoracic PLLO progressed relatively
rapidly under the age of 50, but very little
thereafter.

Because the recent examinations of our subjects
revealed relatively thin ossifications, increase in
thickness of upper mid-thoracic PLLO could
not be so readily evaluated according to age,
Though accuracy of measuring the thickness of
PLLO was somewhat limited using lateral chest
radiography, this method clearly disclosed
increases in PLLO thickness in six subjects
with time.

fat Lhifiz b 5 BB EBEORRE Lo
AATIZARME S 5 oo, ENaHEATIER IS EBEIRIZE D &
24z W TR~ [2 12, M bn
K AR 1T £ 2 BafE B i ¥ 15 (L SE 0 5 181 o0 i B &%
EMBNIRT L OTH 5. b ch o FaHe e e 9 8 B (1 2
13, DORE R M T2 R B3 AT L 24, 501
Lif’i‘e‘@lilikht’iﬁ&b&#-;f:.

T4 OEGTHEEDHRET S LAy F{L 42
HTWEDOT, MEREDEEEDE s oM
FEMIZ Lo TIET 22 & 1F, PREBETH -7~
e A X BB L 2RI ERLFoOREED
HE L, EHEEDO ETESHABRELSS 54, EMIC
bl TBRETAZOHECE->T6HTERILD
EEOMMAES iz - 7.



Figure 3 (Case 5) A: Lateral radiograph of thoracic spine in 1966 at age 63 years shows linear

)

PLLO (% ) from T4 to T6 inclusive, with a radiolucency between the thoracic PLLO and the
vertebrae. B: Lateral tomogram of the thoracic spine in 1978 at age 75 years shows no change

in thoracic PLLO ( ¢ ) since 1966.

B4 3 (FEM 5 ) A : 1966 635 Hy o K e {0 5 1) X &1& T, 8 4 ~ 6 FaHE 1o S S #EW 4 T4k
(@ ), AR S EHME S O MICHMEBEREFED 5 5. B: 19784 7581
O BIHEAN 18 X % Tk, 19664 DIEERONE R BE R (¢ ) I ED 5k w.

Four typical cases in which thoracic PLLO was
longitudinally observed were selected for
illustration; two with and two without axial
progression.

case 5 (MF [, Femate). Thoracic PLLO
did not progress after the age of 50 years
(Figure 3). Since the lateral radiograph of the
thoracic spine (Figure 3A) of 1966 at the age of
63 years, there is no interval change in the
appearance of thoracic PLLO in the lateral
tomogram of 1978 at the age of 75 years
(Figure 3B). Linear PLLO bordered the posterior
aspects of the T4-T6 vertebrae. Indeed, the
spine and the thoracic PLLO did not change
during the 18 years after the first lateral chest
radiograph of 1959 at the age of 57 years.

Case 7 (MF , Female). Upper mid-
thoracic PLLO did not progress after the age of
50 years in this patient (Figure 4). A lateral
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w5 (vrESi <t et
FE IR S0RE LIS 12 (3R L o /e (B3 ). 19664F 63&%
i o i HEAN 5 i X g% (B3 A) LIk, 19784E75:ET
O {0 T T R AR 1 B 3 B B HE TR R B Lo T R
ICERENZEIEAS R 2w (H3B). HIEOEREN
HEAERE LY, BWA~FEOMHEOHREIZHEL Twi. #
B U B ME O 5 46 B0 B (L AE |2 19594E5TRERR 12 3515 2
T # O Jia S48 5 1 X A% LISR ISEE RIZEL L Tua e,

EHT (MF#E ). AR I3 S0 LB,
b R R LR OB IE A S RS A o 7
([0 4 ). 19604585 BF ) g £ (A H 1 X #7218 (4 A)



RERF TR 19-79

Figure 4 (Case 7) A: Lateral chest radiograph in 1960 at age 358 years reveals linear thoracic
PLLO along the posterior aspects of the vertebrae from T4 to T8, inclusive; the vertebral bodies
are unremarkable. B: Lateral chest radiograph in 1969 shows no definite interval change.
C: Lateral tomogram of the thoracic spine in 1978 at age 77 years shows PLLO, and a linear
radiolucency between it and the vertebrae, without interval change; the vertebrae are now
minimally deformed and the intervertebral spaces are narrowed. D: Computed tomography
section made at the level of T6-7 clearly shows marked ossification of the PLLO, The AP
diameter of the spinal canal is more than 50% oceluded; its transverse diameter is nearly
entirely occluded.

B4 (FEM 7 ) A: 19604588 BE o) W &80 5 1) X SR 1R C1E, B4~ 8l OB k- TEFO
P REA RO SRS, HWEIIEE L LW, B: 196950 RSN A X 8148 T2,
RAHE 2 BIFMEII & 6 h k. C = 197BETTRENE O B HE ) 5 s 7 0 18 T 18, B M 90 B (L 5
B SN, FhERLMEE OMICETE OB ELERL AR 5 N A A, B LEEE S .
HERZOBRSTHTPICERL, HMBEEELTwE., D: H6~THEOI v K 1— sy —
BRI TG, EWSEEIEELEF RO, FETOMBRIL0%L FHELTHY,
ZOMBEIZTILALE2IIPHEL TV S,



RERF TR 19-79

chest radiograph of 1960 (Figure 4A) at 58 years
of age revealed linear thoracic PLLO along the
posterior aspects of T4 to T8 vertebrae, but the
vertebral bodies were unremarkable. The
thoracic PLLO and vertebral bodies thad not
changed on the lateral chest radiograph of 1969
(Figure 4B) at the age of 67 years. Although
lateral tomogram of 1978 at 77 years of age
(Figure 4C) showed deformed vertebral bodies
with narrowed intervertebral spaces indicating
degenerative abnormalities, the axial extent of
the thoracic PLLO changed little during the
18 years. Computed tomography (CT) showed
that the PLLO occluded the spinal canal by
more than 50% in the anteroposterior (AP)
diameter, and nearly entirely in the transverse
diameter (Figure 4D).

Case 2 (MF*, Female). Thoracic PLLO
progressed axially until the age of 50 years in
this patient (Figure 5). A lateral radiograph of
the thoracic spine in 1964 (Figure 5A) at 33
years of age, showed no abnormality of the
vertebrae or in the region of the posterior
longitudinal ligament. By 1968 (Figure 5B),
there was a minimal density in or along the
posterior aspect of the body of T7, with thin-
linear ossification posterior to the intervertebral
space at T7-8. Retrospectively, the minimal
density in or near the posterior aspect of T7 on
the 1966 radiograph was regarded as the initial
manifestation of thoracic PLLO. The vertical
development of thoracic PLLO was observed
from that time over the subsequent 12 years
(Figure 5A-D).

case 25 (MF [ Femate). Thoracic pLLO
progressed axially before the age of 50 years
(Figure 6). Lateral chest radiography in 1958
(Figure 6A) at 43 years of age showed a thin
arch-like ossification posterior to the inter-
vertebral space at T6-7. By 1964 (Figure 6B)
this ossification had extended superiorly. Lateral
chest radiography in 1968 (Figure 6C) at 52 years
of age showed a bridge-like ossification near the
posterior aspects of the intervertebral spaces at
T7-8 and T8-9. A lateral tomogram of the
thoracic spine in 1978 (Figure 6D) distinctly
showed thoracic PLLO and ligamenta flava
ossification. Progression of thoracic PLLO over
a 20-year period was thus clearly documented.

Lower Thoracic PLLO
By comparison with the upper and mid-thoracic
PLLO, lower thoracic PLLO was difficult to
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Figure 5 (Case 2) A: Lateral radiograph of the thoracic spine in 1964 at age 33 years shows no
definite abnormality; the apparent ossification near the vertebral body is due to scapula.
B: Lateral chest radiograph in 1968 shows thin linear thoracic PLLO posterior to the inter-
vertebral space at T7-8, continuous with a linear density in or along the posterior aspect of T7
(¢ ). C: Lateral chest radiograph in 1972. D: Lateral tomogram of the thoracic spine in 1978
shows extensive PLLO.

X5 (FEH 2) A: 1964E3IEMEDBIHEM H o X B TIE, MMEAZREEE s A v, HRFED
i BELh3BEIFRFTHS. B: 19680 EBE FmXSETIE, 57 ~8MfEMko
Ep, MOUBBORMEDHKELEI 260, ZANETRERSILZOME( / )Ii2d 3
MEOEFE LML Twa.  C: 19T2F 0 &0 5 m X #{%. D 19784F o §aHE R 75 i 7Kg
g Ti, FLOERRPHEELEI ZHEn5.
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Figure 6 (Case 25) A: Lateral chest radiograph in 1958 at age 43 years shows thin arch-like
thoracic PLLO posterior to the intervertebral space of T6-7 ( ¢ ). B: Lateral chest radiograph
in 1964 shows superior extension of the thoracic PLLO (v ). C: Lateral chest radiograph in
1968 shows development of thoracic PLLO near the posterior intervertebral spaces at T7-8 and
T8-9( v ). D: Lateral tomogram of the thoracic spine in 1978 at age 63 years shows definite
bridge-like and linear PLLO with ligamenta flava ossification ( ¢ ).

[ 6 (AEI25) A : 1958 43@EME O g &5 (0 25 /60 X &R {% T3, %6 ~ THOMEMEEHRE ( @ ) 1zwn
ko R A B IEA T 5 h 3. B : 19644 o)l #6410 5 16 X S Tk, BaHETR MEW 4
FALRE( v )P EFIZEBLTWAE.  C: 1968FEOBEEHFmX @i, 7 -8 RUHS8 ~
IRGHEMIE S ( w JOMRICHaME RS RIEORRE A 5h 5, D : 19784 63@E 1
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Figure 7 (Case 30) A: Lateral chest radiograph in 1959 at age 34 years shows a well-preserved
disc space at T12-L1. B: Lateral chest radiograph in 1972 at age 47 years reveals a narrowed
intervertebral space at T12-L1 with minimal osteophytes at the upper and lower margins of the
anterior aspects of these vertebrae ( ¢ ); thoracic PLLO at T12-L1 is now suspected ( ¢ ).
C:Lateral chest radiograph in 1978 shows thoracic PLLO at TI2-L1 ( } ).

P17 (FEM30) A: 195943488 M o B &5 00 77 ) X #4% T 12, B128a M ~ & 1 WEHE o MBI EE 1
RERIFTH S, B: 19725472517 5 00 40 5 ) X 848 T3, 8 1209 ~ 55 1 DEHE R R
HEFALN, FAChSOFHROMNED LTEE( 2 )iz hsvwiRA25h3. ZOBAT
FE2HaHE~ & 1 EM IR BCEOECFS S (v ). C: 1978FE 0N & Ml Hm X &Ec
3, W2k~ 1 BEHE( v ) ICHERBERILE A 5N 3.
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scrutinize because of being easily obscured by
soft tissue on lateral chest radiography. Retro-
spective review of five subjects (Cases 30-34) with
lower thoracic PLLO suggests that its first ap-
pearance occurred later than did upper mid-
thoracic PLLO (Table 1). The following case
illustrates the manner in which lower thoracic
PLLO progresses with time.

Case 30 (MF , Female). When first
examined in 1959 at the age of 34 years, there
was no density along the posterior aspects of the
vertebrae and intervertebral spaces. At that time
the disc spaces were well preserved, and the
vertebrae were normal (Figure 7A). At 47 years
of age, the intervertebral spaces had become
narrowed, and there were minimal horizontal
osteophytes at the upper and lower vertebral
margins, suggesting disc degeneration (Figure 7B).
Initial arch-like ossification then appeared
posteriorly between the upper and lower margins
of the intervertebral space at T12-L1. At 54
years of age, lateral radiography clearly
demonstrated bridge-like ossification at the
posterior aspect of the intervertebral space at
T12-L1 (Figure 7C). This ossification was also
detected by CT.

DISCUSSION

The prevalence of thoracic PLLO does not vary
appreciably with age after 40 years.” That
finding, plus the number of upper mid-thoracic
cases initially detected in the present study
(Table 1), suggests that upper mid-thoracic
PLLO first makes its appearance under 40 years
f age, and especially during the fourth decade.

Several recent reports of longitudinal studies
describe the development of cervical PLLO.
Yamaura et al® studied 38 cervical PLLO cases
for an average of 6 years, and categorized the
cervical PLLO as 1) a hyperostotic type progress-
ing rapidly and often accompanied by hyper-
ostosis in other bony sites and by myelopathy;
and 2) a spondylotic type, slow to progress, with
only spondylotic abnormalities in other bony
sites, and without symptoms.

Yanagi et al® observed the progress of cervical
PLLO in 21 persons for 2!/ to 13 years
(average 6 vyears), and reported 19 cases in
which it did not progress from 1 to 10 years
(average 4 years).. They found that cervical
PLLO was well developed by the age of 50 years.
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Observation at biennial intervals (Figure 2)
indicated that upper mid-thoracic PLLO develop-
ed precipitously in the vertical axis under 50
vears of age. Indeed, 50 years appeared to be the
critical age, beyond which upper mid-thoracic
PLLO did not progress. Thus, most of the upper
mid-thoracic PLLO first appeared under the age
of 40, then increased in extent in its vertical axis
up to the age of 50 years.

Various etiologies have been proposed for PLLO,
but its true cause remains unknown. In a
previous study,’ general factors apparently caus-
ing thoracic PLLO were discussed. Now, local
factors are to be considered. The various forms
of spondylitis have been discussed in detail,’
but PLLO appears to be distinct from them.
Trauma®'® and disc herniation,'"!? as part of
degenerative abnormalities of the spine have
been suggested as local causes. According to
Yanagi et al,® and Tsuchiya et al'® the bulge of
the disc was important for the development of
PLLO in the thoracic region, because the bridge-
type ossification more frequently occurred there
than in the cervical region.

In the present study 34 cases were observed for
more than 18 years, and the local causes of
thoracic PLLO were considered in light of these
longitudinal observations. Nearly all persons
with lower thoracic and lumbar PLLO had
segmental bridge-type ossification at the posterior
aspects of their disc spaces, sometimes associated
with narrowed intervertebral spaces.’ Also, the
longitudinal observations shown in Figure 7
suggest that the bulge of the disc triggers the
development of PLLO in these regions.

Local factors, such as degenerative changes and
disc disease, may play roles in the development
of PLLO, especially in the lower thoracic and
the lumbar regions (Case 21). Degenerative
changes are relatively more frequent in these
regions, and it is sometimes difficult to dif-
ferentiate them from thoracic PLLO. However,
on reviewing serial radiographs, one can ap-
preciate how degenerative changes can initiate
the development of PLLO in these regions.

However, PLLO of the upper and mid portions
of the thoracic spine appears to develop dif-
ferently. Here, pure bridge-like thoracic PLLO
occurred less frequently than has been reported
by others.*'® In this region thoracic PLLO
frequently involves the posterior aspects of
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Figure 8 (Case 10) A: Lateral T-spine tomogram in 1978 at age 74 years shows linear thoracic
PLLO and degenerative abnormalities of the vertebrae and discs. B: Lateral chest radiograph in
1959 at age 54 years shows the vertebrae and discs to be unremarkable; the thoracic PLLO did
not change after this examination (Figure 84).

[ 8 (#EMH10) A -

WA CAE R BT BB 5h 5. B:

1978 T4 I 0 W HE (80 7 e BT P 0 082 18 0k, HE TR B O HE BILAE 0 0 O W skt
19594 SARE I o0 g J5 M) 5 ren X i T3, MER R

Ul IR I AT 5 v, Z OBRERLL B, B M T RE R LR IS (LD S h e o7 (H8A).

several vertebral bodies in a continuous and
linear fashion (or locally, posterior to a single
vertebral body) with a linear radiolucency
between the ossification and the vertebral body.”

On first observing it, one can mistakenly regard
thoracic PLLO simply as part of an aging process,
especially in older patients (Figure 8A), because
of narrowed intervertebral spaces and vertebral
deformities. However, previous radiographs of
such patients (Figure 8B) should reveal the
vertebrae and intervertebral spaces to have been
less deformed or even normal, and the ossification
to have been no different than at the more
recent examinations.

The radiographs of ten cases of upper and mid-
thoracic PLLO, observed from the time of initial
appearance, were carefully scrutinized. The
vertebral bodies and the intervertebral spaces
were unremarkable until immediately before the
thoracic PLLO appeared (Figure 5A). Figure 5B
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FIGURE 9 INITIAL APPEARANCE OF PLLO IN THE UPPER AND MID-THORACIC SPINE

B9 Motk Edh#EBiz &5 5 A L E O 1350 o ks
T8 T6 T8
CASE 2 CASE 3 CASE 11

CASE 12

shows a vertical linear ossification in or near the
posterior margin of T7, and extending inferiorly,
posterior to the intervertebral space at T7-8.
Two years previously the first manifestation of
PLLO was only a density in or near the body
of T7.

The radiographs of the nine other cases showed
the vertebrae and the intervertebral spaces to be
normal initially. PLLO first appeared as vertical
ossifications posterior to an intervertebral space,
or as a linear density in or near the posterior
aspect of a vertebral body (Figure 9).

Thus, degenerative abnormalities could not
predispose to the development of the upper
mid-thoracic PLLO. In these regions, PLLO
development appears like a physiological process.
The longitudinal observations of thoracic PLLO
in this study also suggest that PLLO is not a part
of ankylosing spinal hyperostosis.”
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