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SUMMARY 2z 0
Posterior longitudinal ligament ossification BT L R R, R e

(PLLO) reportedly usually involves the cervical
spine, and often accompanies other ligamentous
ossification, such as diffuse idiopathic skeletal
hyperostosis. PLLO is considered a serious
disease, because it sometimes causes severe
radiculomyelopathy. However, the present study,
whose focus was a fixed population sample,
revealed that PLLO of the thoracic spine is
nearly always asymptomatic.

The prevalence of thoracic PLLO was 0.6%, with
a predominance among females by a factor of
three, contrary to cervical PLLO which was
predominantly among males. No marked
radiculomyelopathy was observed in subjects
of the present investigation, and there was no
definite evidence of neurological involvement
due to thoracic PLLO.  Ankylosing spinal
hyperostosis was rare among our PLLO subjects,
especially among the females. PLLO in the
thoracic region cannot be regarded as a part of
ankylosing spinal hyperostosis or diffuse
idiopathic skeletal hyperostosis.
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INTRODUCTION

In 1960, Tsukimoto' reported the first autopsied
case of myelopathy due to cervical posterior
longitudinal ligament ossification (PLLO). In
Japan this entity has since received much
attention because of the myeloradiculopathy and
paraplegia it frequently causes. In 1975 the
Japanese Ministry of Health and Welfare
categorized it as a special ‘“‘incurable” disease. It
is being intensively investigated, mainly by
orthopedic surgeons and neurologists. Since the
symptoms PLLO causes are sometimes confused
with those of spinal cord tumors, myelitis,
cervical spondylosis, and herniated disks, it must
be considered along with these diseases in a
differential diagnosis.

As a result of the numerous reports of cervical
PLLO among the Japanese and relatively few
cases among Caunr:asiau'as,l'5 it has been regarded
as a disease occurring predominantly in Japanese.
In 1976 Yamauchi et al® reviewed the lateral
radiographs of the cervical spines of 854 Caucasian
Mayo Clinic patients and found only two cases of
cervical PLLO - a frequency much lower than
among Japanese. The reported prevalence of
cervical PLLO among Japanese with cervical
symptoms ranges from 1%3%,”" with a
predominance among males by a factor of two.'?

PLLO in the thoracic and lumbar regions
reportedly causes severe myelopathy.'®™°
According to the Japanese Ministry of Health
and Welfare,'® 292 (10%) of 2,808 Japanese with
cervical PLLO also had thoracic and lumbar
involvement. However, thoracic PLLO was not
fully investigated because its study began with
cervical PLLO.

This reportof thoracic PLLO includes 1) estimates
of its prevalence among Adult Health Study
(AHS)Y participants based on lateral chest
radiography, 2) its radiological and neurological
manifestations, 3) comparisons of the radio-
graphic findings of asymptomatic with symp-
tomatic cases reported by other investigators,
and 4) a discussion of factors thought to cause
thoracic PLLO.

MATERIALS AND METHODS

Subjects of the present investigation are members
of the fixed population, participants in the AHS,
a longterm follow-up program of biennial
clinical examinations of atomic bomb survivors
and comparison subjects, originally numbering
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20,000, to detect late radiation effects of the
A-bombs. All AHS subjects undergo complete
physical examinations and laboratory studies,
including posteroanterior stereoscopic and lateral
chest radiography. Otherexaminations, including
radiography and fluoroscopy of other body sites,
are performed when clinically indicated. All
serial radiographs obtained during these exami-
nations are permanently retained and available
for comparison during longitudinal investigations.

Ossification of the posterior longitudinal ligament
was observed from the intervertebral spaces of
T2-3 to TI12-L1 and it was relatively easily
detected by lateral chest radiography providing
the spine was well visualized and scrutinized.
To estimate the prevalence of thoracic PLLO, the
lateral chest radiographs of 6,037 Hiroshima and
2,573 Nagasaki AHS subjects were reviewed.
These subjects were examined from 7 November
1977 to 6 November 1979, and from 4 January
1977 to 28 December 1978, respectively. During
these examinations 35 Hiroshima and 13 Nagasaki
thoracic PLLO cases were detected. Seven
additional AHS cases of thoracic PLLO detected
outside these periods were added, bringing the
total available for study to 55.

Nearly all thoracic PLLO patients cooperating
in this study received lateral radiography of the
entire spine, oblique radiography of the cervical
spine, and lateral tomography of the PLLO-
involved sites. The relationships between PLLO
in the thoracic, cervical, and lumbar regions, and
those with ligamenta flava ossification, ankylosing
spinal hyperostosis, ligamentum nuchae ossifi-
cation, and cervical spondylosis were investigated.
Forty-one of the 55 subjects in this study received
complete neurological examinations.

RESULTS

Prevalence by Sex and Age

Thoracic PLLO was detected in 30 females and
5 males in Hiroshima, and in 10 females and 3
males in Nagasaki. The results by age and sex
for both cities are shown in Table 1. Following
x? analysis, there was no statistically significant
difference (P<.05) between the rates for females
in the two cities. Thoracic PLLO was detected
in persons 40 years of age and over, with a
predominance among females by a factor of
three. In females, 40 years of age and older,
the rate did not correlate statistically with age.
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TABLE 1 PRF'VALENCE OF THORACIC PLLO BY AGE AT EXAMINATION AND SEX

201 T b e e A (CHE O R KRR AEMD & MR

Male Female
Age
Tl',‘ffé'c AHS  Rate (%) Tgi’:gc AHS  Rate (%)
Hiroshima
30-39 267 206
4049 458 5 733 0.68
50-59 3 495 0.61 9 1264 0.71
60-69 1 425 0.35 8 856 0.93
70-79 1 383 0.26 7 622 1.1
80-89 116 1 106 0.94
90-99 4 2
Total 5 2148 0.23 30 3889 0.77
Nagasaki
30-39 120 149
40-49 306 4 520 0.77
50-59 4 223 0.90 4 506 0.79
60-69 216 1 238 0.42
70-79 1 134 0.75 1 117 0.85
80-89 25 19
Total 3 1024 0.29 10 1549 0.65
Total
30-39 387 455
4049 764 9 1253 0.72
50-59 5 718 0.73 13 1770 0.73
60-69 1 641 0.16 9 1094 0.82
70-79 2 517 0.39 8 739 1.0
80-89 141 1 125 0.80
90-99 4 2
Total 8 3172 0.25 40 5438 0.74

The prevalence of thoracic PLLO was 0.56.

W e A 0 (L 0 A7 W3 120,56,

Hiroshima subjects examined from 7 November 1977 to 6 November 1979.
EORRHEIZITTENH THA» S VFENA6HECOMZZBLALD.
Nagasaki subjects examined from 4 January 1977 to 28 December 1978.

HMOMBHT9TTHEIHAHD S 19BEIRZH2BAE TOMIZ2HBLALD.

Radiological Manifestations

Sites of Thoracic PLLO. The sites involved by
PLLO are shown in Figure 1. The maximum
extent (percent) of occlusion of the spinal canals
by PLLO are indicated and are based on the
thicknesses of ossification as assessed by lateral
tomography. Thoracic PLLO was classified
according to the involved sites as: 1) upper
mid-thoracic, mainly about the region of T6;
2) both upper mid-thoracic and lower thoracic;
and 3) lower thoracic, mainly to the TI12-L1
region. There were 38, 9, and 8 of these cases,
respectively.

Types of Thoracic PLLO. Thoracic PLLO wax
categorized by its radiological appearance as:

AR R
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Site Involved at Last Radiography
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FIGURE 1 RADIOLOGICAL MANIFESTATIONS OF THORACIC PLLO, HIROSHIMA AND NAGASAKI
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1) bridge, 2) linear, and 3) combined bridge and
linear. In the upper mid-thoracic PLLO, the
combined bridge and linear type was frequently
noted. Except for three cases (Cases 32, 53, and
54), all lower thoracic PLLO was of the segmented
bridge type. In the linear type, the vertebral
body itself appeared unaltered (Figure 2). In 15
cases, lateral tomography demonstrated linear
radiolucencies between the posterior aspects of
the vertebral bodies and the ossifications (Figure
3). The bridge-type ossification near the inter-
vertebral spaces appeared to be continuous with
the vertebral bodies (Figures 4 and 5). The
vertebral bodies with bridge-type involvement
apparently had been altered. In two cases
(Cases 1 and 13), the ossification was laminated
(Figure 6). The number of cases by site of
ossification and type were as follows:
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Associated Radiological Manifestations
Radiologically associated with thoracic PLLO
were cervical and lumbar PLLO, ankylosing
spinal hyperostosis, degenerative abnormalities of
the thoracic spine, ligamenta flava ossification,
ligamentum nuchae ossification, and cervical
spondylosis (Table 2). The degenerative abnor-
malities included disc disease and so-called
spondylosis deformans. Each of these was
categorized as minimal, moderate, or marked.
Table 3 summarizes the results. Lumbar and
cervical PLLO each occurred with thoracic PLLO
in 29% and 25% of the cases, respectively. There
was no correlation between the presense or
degree of cervical and lumbar PLLO, and the
degree of thoracic PLLO. Cervical and lumbar
PLLO were more frequently detected in male
than female subjects with thoracic PLLO.

Thoracic PLLO occurred with ankylosing spinal
hyperostosis in 11/46 cases (24%) with cervical
involvement; 15/55 cases (27%) with thoracic
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TABLE 2 ASSOCIATED RADIOLOGICAL MANIFESTATIONS IN THORACIC PLLO-HIROSHIMA AND NAGASAKI
2 NAHEBREW A BALAE & BSEO & 2 Mot EUEpir R e R 0 R

ASH
gl = :f: — L T‘"""p  NO  LFO Other
C-spine T-pine L-spine
HIROSHIMA
1 61 5 = - + = - =
2 47 - - - - - - -
3 56 u = = + + - -
4 54 * - - - * - -
5 68 - - - - + - T6-7, T7-8, TB-9
6 55 - = - - - + -
7 75 - - - - + - - Compression {racture (T12)
8 55 - + - * = + TI0-11, T11-12,
L1-2,L2-3
7 = - - e - T1-8, T8-9, T10-11
7 - - - ++ + = =
77 - - - - + - -
74 - - - + Raad = - Compression fractures (T6, T7, TB)
55 - - - - + - T9-10
49 i = 5 2 : ;
66 -~ ++ + e + - Tio-11
10 + - + i - -
63 2 - . + . .
59 - - - - - - T5-6, T6-7, T8-9,
T9-10
47 - - - X + = i
52 = = = - - - -
59 - - + - - - -
66 . + - .
44 = = L - + - T9-10, T10-11
70 + * - - + - - Ky phosis
76 ++ et -+ ++ B = - Ky phosis
64 - - - - + + -
47 - - - ++ = + =
69 - + + + +* + T8-9
52 - - - + - - T4-5, T7-8, T8-9,
Tio-11
63 = = - = + - T5-6, T6-7, T7-8,
T10-11, T11-12
85 - Lo - + -+ - - Kyphosis, compression fractures
TI12, L1
58 R + -+ - - - TI0-11, T11-12 Ossified supraspinous ligament
&6 L = ++ ! + ‘ " Kyphosis
Compression fracture (T11)
76 i + + E Ras i Kyphosis
5 4 L ad ++ = = + Li-2
54 = = 0 ++ + - TIO-11, T11-12
63 - - - + + + -
53 + ++ + - + - - Compression fracture (T12)
72 - - - + + - -
79 +* - - +* - - -
52 H + + - ++ + - Ousified supraspinous ligament
NAGASAKI
69 - - - - - - -
74 - - - - + - - Kyphosis
Compression fractures (L1, L3)
50 - - - - + - -
53 - - - - - - T8 Schmorl's nodes (T9, T10)
49 =t = = = + - T7-8, T8-9, T10-11,
T11-12, T12-L1
58 - + - - - - Til-12
48 - - - - + + T6-7, T8
47 - = =
49 - g i = i ;
52 + Raad Aaad - + + TH-12
51 - =
2 A+ s + . "
58 - - 4+ + Al - -
41 - = = - - -
ASH- Ankylosing spinal hyperostosis SRi0HE [f #8116 LNO- Ligamentum nuchae ossification & %445 0 +  Minimal =
CS - Cervical spondylosis WU 77 4 0 LFO - Ligamenta flava ossification G 4 T ++ Moderate /| 52
DA - Degenerative abnormalities Wik . Noexamination W4 %14 &4 0t — Negative 54t +++ Marked %0
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Figure 2. Case 3-Lateral tomogram of thoracic spine shows linear PLLO in the upper mid-thoracic region.
Figure 3. Case 43-Lateral thoracic spine tomogram shows a linear radiolucency f(arrows) between the
prosterior aspects of the vertebral bodies and the upper mid-thoracic PLLO. Figure 4. Case 29-Lateral
tomogram of thoracic spine shows combined-type PLLO (arrows) with ligamenta flava ossification farrow
weads). Figure 5. Case 38-Lateral thorvacolumbar tomogram shows segmental bridge-type PLLO (arrows)
posterior to the intervertebral spaces at T12-L1 and L2-3. Moderate ossification anterior to the vertebrae

rankyiosing spinal hyperostosis) is also seen.
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Figure 6. Case 13: Lateral thoracic spine tomogram
shows laminated ossification of upper mid-thoracic
PLLO (arrows).

E6. 13 Ko @ F i iF R T, B L
R L (RE) AB SN 3.

TABLE 3 ASSOCIATED RADIOLOGICAL ABNORMALITIES IN 55 THORACIC PLLO CASES

23 55f5] o) B HE 1 HERDHE T (LOE & B O & B FOE BRI SR
Abnormality Female (%) Male (%)

Cervical and lumbar PLLO

Cervical PLLO 11/41 (27%) 3/7 (43%)

Lumbar PLLO 9/43 (21) 4/9 (44)
Cervical spondylosis 17/38 (45) 2/9 (29)

Mild 6 1

Moderate 9 1

Marked 2 0
Ankylosing spinal hyperostosis

Cervical spine 4/39 (10) 717 (100)

Thoracic spine 7/46 (15) 8/9 (89)

Lumbar spine 7/42 a7 8/9 (89)
Degenerative abnormality, thoracic spine 30/46 (65) 5/9 (56)

Mild 22 4

Moderate 5 1

Marked 3 0
Ligamentum flavum ossification 14/39 (36) 4/7 57
Ligamentum nuchae ossification 7/40 (18) 317 (43)
Ligamentum supraspinale ossification 0/39 (0 2/7 (29)

Denominators vary because of number of body sites examined and radiographic projections used.
ELAMEECER L AR Ao FESRIC kT BARES.

involvement; and in 15/51 cases (29%) with
lumbar involvement. Nearly all of the male
thoracic PLLO cases had accompanying anky-
losing spinal hyperostosis in the cervical, thoracic,
and lumbar regions (100%, 89% and 89%,
respectively). The frequency of female thoracic

(27%), WEHET 121575140 (29%) (238 nii=. 1A
MR EL 7T 5 BIEDIZL A LIz i,
Wi e B O N S 12 R A MR HE (£ 1 E N 100%,
89%, RUBI%OEIG) v, KEIZHIT5
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PLLO cases with ankylosing spinal hyperostosis
was much lower than reported elsewhere.
Thoracic PLLO occurred with ligamenta flava
ossification in 18/46 cases (39%) (Table 3), with
ligamentum nuchae ossification in 10/47 cases
(21%), and with supraspinous ligament ossifi-
calion in 2/46 cases (4%). In males, thoracic
PLLO may be associated with the ossifying
diathesis.

Demonstration of Marked Thoracic PLLO in
Both Sexes

Two cases (Cases 32 and 8) exemplify this degree
of involvement:

CASE 32. This 58-year-old male, had extensive
continuous cervical PLLO from Cl to C7
(Figure 7A), laminated at C6-7, and associated
with marked ankylosing spinal hyperostosis
anteriorly. In the upper mid-thoracic regions,
the PLLO was bridge-type; thick at T4-5, and
thin at T5-6, T6-7, T7-8, and T8-9. Minimal
ankylosing spinal hyperostosis was noted
anterior to T8-9. The thick continuous linear
lower thoracic and lumbar PLLO was asso-
ciated with ligamenta flava ossification at
T10-11 and T11-12 (Figure 7B,C). There was
extensive ossification in the ligamentum
supraspinale and moderate anterior lumbar
ankylosing spinal hyperostosis (Figure 7C).
Computed tomography (CT) clearly revealed
the degrees of occlusion of the spinal canal in
the cervical, thoracic, and lumbar regions
(Figure 7D,E,F).

CASE 8. This 55-year-old female, had
continuous PLLO from C2 to C3, with a
linear radiolucency between the ossification
and the body of C2. The ossification was
attached to the posterior aspect of the body
of C3. The bodies of C5 and C6 were
minimally deformed. There was minimal
narrowing of the adjacent intervertebral
spaces, and lipgamentum nuchae ossification
(Figure 8A). In the upper mid-thoracic
regions, the PLLO was thick, combined type
from T3 to T6, and thin at T9 and T10.
There was ligamenta flava ossification at
T10-11, T11-12, L1-2, and L2-3 (Figure
8B,C,D). In spite of the degree of PLLO,
anterior ossification was minimal in this
female case.

Neurological Manifestations of Thoracic PLLO
The results of the complete neurological

RERT TR 20-79
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Figure 7. Case 32: (A) Lateral cervical spine radiograph shows continuous PLLO (arrow heads) with double
PLLO plaques at C6 and C7 (arrows). Marked ankylosing spinal hyperostosis is also present. (B) Lateral thoracic
tomogram shows a thick bridge-like PLLO segment at the posterior aspects of the intervertebral space at T4-5,
& bridge-like PLLO segments at T5-6, T6-7, T7-8, and T8-9. Along the anterior aspect there is also a bridge of
ossification (ankylosing spinal hyperostosis). (C) Lateral lumbar tomogram shows continuous linear PLLO
{arrow heads) along the posterior aspects of vertebrae from T11 to L2. Ankylosing spinal hyperostosis (arrows)
& ossified supraspinous ligament (arrows) are also present. (D) Computed tomography section made at the level
of C2 clearly shows marked ossification of the PLLO. (E) Computed tomography section made at TS5 shows
ossification of the_ posterior longitudinal ligament and approximately 40% occlusion of the spinal canal.
(F) Computed tomography section at the level of 1.1 shows clearly the PLLO.
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examinations received by 41 patients are shown
in Table 4. Thoracic PLLO reportedly causes
paraplegia and marked radiculomyelopathy,
including spasticity and disordered sensory levels.
However, most of our cases were asymptomatic
or had only minimal neurological abnormalities,
such as decreased ranpges of motion of the spine,
rather than myelopathy or radiculopathy
(Table 5).

Radiological-neurological Correlation of 41 Cases
Many of our patients with thoracic PLLO had
cervical spondylosis, making difficult at times to
determine which of the two abnormalities was
causing neurological problems, The degrees of
the abnormalities detected radiologically and
neurologically did not correlate well. The
radiculopathy of three patients (Cases 1, 45 and
49) was due to cervical spondylosis or other
causes rather than thoracic PLLO. Another
patient (Case 48) had neurological evidence of
cervical and lumbar radiculopathy, but there was

13
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Figure 8. Case 8. (A) Lateral cervical spine tomogram shows continuous PLLO from C2 to C3, with attachment
to the posterior aspect of C3. Ligamentum nuchae ossification is also present (arrows). (B) Lateral thoracic
tomogram shows a thick combined-type PLLO from T3 to T6. (C) Lateral tomogram shows thin PLLO at
T9 and T10 (arrows) with ligamenta flava ossification at T10-11 and T11-12 (arrow heads). Minimal ossification
anterior to T8 and at T9-10 is also seen (ankylosing spinal hyperostosis). (D) Lateral lumbar tomogram shows
thin linear ossification in the projection of the intervertebral foramina at L1-2 and L2-3 (arrows) indicating
ligamenta flava ossification.
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TABLE 4 NEUROLOGICAL FINDINGS

Neck
Case  Master . Age Other symptoms
No. File No, ¢ ¥rs Limited — and signs
movement TH0 Upper Lower
61 4 - Oecipitalgia, Spurling's
sign (+++}, Lumbago,
Lasegue’s sign (R1.)
47 = - None
55 = = - - Lumbage, Scapular puin
53 + + i Spurling's sign
67 1 4 - —++ Lumbaga Spurling’s sign
54 1 - - - Mone
15 = - +{R}  Patrick's , Lumhbagn
55 - - None
77 - + ¥k Qecipitalgia on neck
Below movement
triceps (C7)
7 + - + +
67 + - - Lumbago, Shoulder
discomfort, Sciatica
71 + = ~ - Weuralgic pain, right
lower extremity
59 - - Backache
47 - - + + Neck pain, Low back pain
Scoliosis
57 - - - - Shoulder pain
50 - + + Backache
Shoulder discomfart
Patrick’s sign, left
10 5 = = +(L) Low back pain
Patrick’s sign
76 + - + + Gait disturbance
Stooped posture
64 - - - +(L)  Shoulder discomfort
69 = = - + Shoulder pain, Lumbago
52 - - - - Mild lumbago
63 - - - - None
84 = == E: +++(R) Dysarthria
Meck tremor, Lumbago
Small step gait
58 + - - Rigid spine
52 + - - - Maonoplegia, right lower
extremity
53 + + +R) +(R) Rigid spine, Lumbago
63 + ++ + Spurling's sign
Hemihypesthesis (R)
Sciatica
58 + + - - Lumbago
72 + - - - Babinski (R)
79 + - - - None
52 - - * + Low back pain
Patrick’s sign, right
69 - - - - Shoulder stiffness
74 - = = - Mild lumbago
50 - + - - Meuralgic pain along
right arm
53 = = - Lumbaga, sclatica
49 S - - None
58 - - - - Mild lumbago
48 - + = — Sensory deficit mainly in
roots C5-6 distribution
Hyporeflexia, Lumbago
47 - — - - Back pain, sciatica
52 ai = + + Left-hemiparesis &
dysarthria
58 * * - - Occipitalgia

M: Myelopathy [fEIFE

Shoulder stiffness
Lumba;

2O
Paresthesia in hands, forearms,

& toes

§ o= el B
= THRE

4

R: Radiculopathy st

15

IN 41 THORACIC PLLO CASES

TIHIE It

Iy noermal

Asymplimatic
Newrologically noomal

Sciatica, right
Rigid spine

Rigid spine

Meurologically narmeal

Parkinsonism

Asymptomatic
Neuwrologically normal

Asymplomatic
Neurologically normal

RERF TR 20-79

Sequelae of poliomyelitis

Neurologically normal

Rigid spine

Meurologically normal
MNeurnlogically normal
Neurologically normal

Neurologically normal
Neuralogically normal

Congenital cataract
& nystagmus

Residuals of CVA with
symptomatic epilepsy
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TABLE 5 NEUROLOGICAL FINDINGS IN 41 THORACIC PLLO CASES

7 5

(MALE 7, FEMALE 34), SUMMARY
ALF7 0 i e PR RE DA A (LA 12 2 1 B ER SR AR AT
(BT, EtE34H), #1T

SHHBEETIE LoWBatlpains o e wm s 5 oy smnme 16 56 S 20
Sciaticad . . . e e 3
QUEIBTaIma, v e v son o i a8 BROGES T T e 3
Shoulder stiffness . . . . . . .. . . ... ... .. 7
GHBE s av e Baie 2 806 Ui WATE B YA RS AT WG T 7
NG SVINBIOME oo womw wis s mon wpem sow S wvmis o S e 7
Signs: Neck limitation of movement . . .. .. .. ..o v 17
NeCk DRINCONINOVEMENT o on s e ao 08 w0 I ol B 9
Spurling’s SIEN . . . . .. i e e e e e 5
Patriek?sislemc o o e 60 o8 W6 S iR B SR B v e 4
LasCaUei B SIEN s ueh soe wmiw e @ e G5 RN WG RN W G 1
RIAd snINg: b2 50750 S50 508 5% sdim am i in e e e e Eie e 12
Back Dalfi ISR OVemIBNT  ocovnnen s wss san B ma SATESTE RS 0TS 6
Deep tendon reflexes: Hyperactive in upper limbs . . . . .. .. . .. 10
Hyperactive in lower limbs . . . .. ... ... 16
INBEITHE s o 000 odenn bow it Eesierasis vk 5 25
Babinskiis: gign: sy i ot Sw0% o 96 e I s e i @ 0
WEIRDEEE . o covommon fon cn wons o 0 S S w0 Te ECAEE GE B 1*
Sphincter disturbance . . . . ... L. L 0
Sensory disturbance: Hemihypesthesia, mild . ... ....... ... 7
Sensory level . . ... ...... . ........ 0
Parestlierls: © = oz swissass v BElLg s B 1
Sensory deficit (C5,6) . <« v v v vvw v o 1
GuitdISurbanees o 5 b SR SN U0 LR BT B 19 Ve e B 2%%
Clinical diagnosis;: Myelopathy . . ... .. ... ..... ... .o, .. 12
Radionlopathys - g o o cmnen ws on wsass o6 6
Myelopathy + radiculopathy . . . . ... ... ....... 3
Rigidspineonly « «coos sn masien av o6 eawes o 3
R Neurologically normal . .. ... .............. 13
OIhRLS. v o2 $29 o 55 P diEy 89 98 FRn e Rl

Note: No case had marked radiculo- and/or myelopathy.

& O L MR S R o 2

No case had definite neurological evidence of involvement at thoracic levels.
T 02 WL 2 R S OEE 0 & B 1L & A0 22
* Cerebrovascular accident (CVA) il 7% e sl

**Small step gait, spasticity in lower limbs. #:®iATRIA O,

Parkinsonism Parkinson #i

R 1= 955

#*% Qequelae of poliomyelitis, parkinsonism, sciatica, residuals of CVA
s (1l 92, Parkinson #§, MIdh #pefdfi, CVA o ikiE

no radiographic evidence of cervical or lumbar
PLLO or cervical spondylosis, Thoracic PLLO
could not be excluded as the cause of the neuro-
logical findings in 17 cases. However, there were
no marked spinal cord disorders such as paraplegia,
demarcated sensory levels, girdle sensations, or
marked spasticity. There was no neurological
evidence of spinal cord involvement at the
thoracic levels.

Cervical and Lumbar PLLO

During the present study, four persons with
cervical PLLO, two with lumbar PLLO, and one

Sdvd A, FEHE LV DEHE o AE R T (L GE S S
FHHE O s Wt s g o 20 3R
170 o> w5 i W BRLIRL & LT, W HE e )
PIEiE & PEdbC % & Ao im0 LA L AR, FRAGTPE
AIBRERE, RS X E W AERO L T A EL Y
5 fili it b (3 7 2 Hiey iz Lo T 1 il e Sk 00
MEREMBEERS s NG Aol

MR RSO EEDERILE

AT A, SR f R I (O RE A, R R
BT ACRE 28], BAHE A o DAl A N (D
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TABLE 6 ASSOCIATED RADIOLOGICAL MANIFESTATIONS OF PLLO IN THE CERVICAL
AND LUMBAR REGIONS

6 HME R UM O BB AT & N0 B B s g Exipi
ASH DA in
Case MF No. Sex Age : LNO LFO Other
C-spine T-spine L-spine CS Tapine
M 77 ++ ++ ++ o+ + -~ Ossified supraspinous
ligament
M 48 + + + + - - —  Compression fracture (L1)
M 51 + 4+ + + -
M 87 + i+ +++ — ++ - Pl
F 59 - - - + - - -
M 50 - + At + i — e
M 42 - - + - - -
ASH = ankylosing spinal hyperostosis @t ¥f 84 +  Minimal &7
CS = cervical spondylosis i 77 ki ++ Moderate 4 %%
DA = degenerative abnormalities 3 {7 ¥ % (L +++ Marked %W
LNO = ligamentum nuchae ossification 5 #45 4F {16 No examination #5244 A4
LFO = ligamentum flavum ossification 3 f ¥4 1 (£ i —  Negative 5
TABLE 7 NEUROLOGICAL FINDINGS IN PLLO OF THE CERVICAL AND LUMBAR REGIONS
2T HNE T UREME O M KR (LS 12 519 5 HRER 7 (107 1
Neck Extremities Clinical
hyperreflexia Other symptoms  Diagnosis
Case MF No. Age Sex Limited e and Signs Remarks
movement Upper Lower M R
56 7% M * - - - Lumbago —  — Neurologically normal
57 49 M - + - +(L) Spurling’s sign + F
Lumbago
59 87 M + - - - None - — Asymptomatic
Neurologically
normal
60 59 F - + = - Spurling’s sign + + Cervical and lumbar
Lumbago radiculomyelopathy
Hyporeflexia
Sensory deficit mainly
in root S1 distribution
Pathologic reflex (+)
61 50 M + + - - Low back pain -+
Spurling’s sign
M = myelopathy ¥ ffi it (L)=(Left) #*

R = radiculopathy #h##4iE

with both cervical and lumbar involvement were
encountered. None of these had thoracic PLLO.
The sites involved by PLLO, and the associated
radiological and neurological findings are
summarized in Tables 6 and 7, and in Figure 9,

Any tendency of PLLO to occur in high A-bomb
radiation dose groups was investigated,?* but no
correlation with dose was seen.
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FIGURE 9 RADIOLOGICAL MANIFESTATIONS OF PLLO IN THE CERVICAL AND LUMBAR REGIONS

9 A B UTNEHE O BRAE DA B (LAE (2 4 1 B BRI R
%:’ FEJ:S;T;‘ - ?l_gs;“-|- Site Involved at Last Radiography
€1 C2C3 C4 C5C6C7(TL T2 T3 T4 T5 T6 T7 T8 TI9TIOTI1TI2(L1 L2 L3 L4 L5
L T S R O A O N O AR A O B
RN RN
Ol ol A T A A
G I O T O LA A O O
G N O A O A I 2 A
2 N U A A O O A
a [T [T T ] womm

Numbers indicate the maximum percent occlusion of the spinal canal due to PLLO by site in all cases for whom tomography was performed.
B, BEEWMETGEC LS FHEFEROMAGSHES, WEHES T2 2O THENCTLALOTHS,

DISCUSSION

Some may question the classification of PLLO
in the cervical, thoracic, and lumbar. In the
present study PLLO was first scrutinized in the
thoracic region, then other sites were examined.
Thoracic PLLO was classified morphologically as
bridge, linear, or combined. The bridge-type
ossification must be differentiated from the
osteophytes at the posterior margins of the
vertebrae, and from calcified herniated disks. In
some cases, this was difficult. CT should be
useful in evaluating such cases.

Most PLLO reportedly involves the cervical
region; there are few reports of thoracic
PLLO.'3720:2324  Thoracic PLLO has not yet
been systematically investigated. The published
reports of thoracic PLLO are summarized in
Table 8. Some of these investigators reported
thoracic and lumbar PLLO as the same category.
The documented cases of thoracic PLLO were
apparently those of marked degree, accompanied
by ligamenta flava ossification, and ankylosing
spinal hyperostosis during examinations of
patients with cervical PLLO and radiculomyelo-
pathy. Thoracic PLLO is likewise regarded a
serious entity. However, in the present’ 41
thoracic PLLO cases neurologically examined,
no case had marked radiculo- and/or myelopathy,
and no definite neurological evidence of involve-
ment at thoracic levels. Thus, thoracic PLLO is
not always a serious problem.
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TABLE 8 PREVIOUS REPORTS OF POSTERIOR LONGITUDINAL LIGAMENT OSSIFICATION IN THE
THORACIC OR THORACOLUMBAR SPINE
228 WEE 1 N R HE O PR HE R A 1 (AR 12 B S LT oo RS

Case PLLO ASH Neurological
Author, Year ERG: abnormality
Male Female C-spine L-spine C-spine T-spine L-spine ﬁ
Tsuchiya,'* 1975 5 14 12 * 3 7 - .
(26%) (74%)  (63%) (16%) (34%)
Tezuka,'® 1976 3 10 11 8 3 5 8 . 9 2
23) (D (85) (62%) (19) (62) (69%) (15%)
Maehara,'® 1977 6 17 16 * 14 5 17
(26)  (74) (70) (61) (22) (74)
Yanagi,”® 1977 7 13 17 * 11 5 13 19
(35)  (65) (85) (55) (25%) (65%) (95)
Imai,'? 1977 5 19 13 8 % . 15 16
@2n (719 (54) (33) (63) (67
Murakami,'® 1977 2 17 9 4 - - .y . 12
an (89 @7 @ (50)
Ohtani," 1977 1 9 4 . 3 = . : 7
10y  (90) (60) (30} (70

PLLO = posterior longitudinal ligament ossification i & 44 45 i {1

LFO = ligamenta flava ossification # = #)4 {I {L4E

ASH = ankylosing spinal hyperostosis i i 1 5 4t 38 [ i

M
R

= myelopathy 7 #f i
= radiculopathy # %8

*Thoracic PLLO and lumbar PLLO were included in one category.
Wl 1 #E W (EAE & MR AR T EIE R 22 LD THS.

- Noremarks Hpitding 4 L

All PLLO lesions in the present study were
detected by lateral chest radiography among
members of a fixed population who were for
the most part asymptomatic. This is the first
report of the prevalence of thoracic PLLO by
decade in a fixed population sample. Compared
with cervical PLLO, having a frequency of
1%-3% in those with cervical symptoms, thoracic
PLLO is reportedly rare. It is not truly rare
(Table 1), however, and thoracic PLLO was
predominant among females by a factor of three,
nearly to the same extent as reported by other
investigators.

The reported frequency of thoracic PLLO
accompanying cervical PLLO ranges from 47%
to 85% (Table 8). Among 2,162 Japanese PLLO
cases, pure thoracic PLLO without cervical or
lumbar involvement is reportedly rare.'® In the
present study, however, there were 27 pure
thoracic PLLO cases among a total of 48, and
it was thus also not uncommon. Numerous
reports of cervical PLLO among the Japanese
point out that the degree of ossification and
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severity of symptoms do not always coincide.
Nevertheless, the severity of symptoms depends
to some extent on the sagittal diameter of the
spinal canal and the thickness of the ossification.
Though the numerical values of such cervical
PLLO studies varied, the critical degree of
occlusion by the ossification appeared to be
40% .25-‘2.'?

There are few reports of correlation between the
degree of thoracic PLLO and myelopathy.
Ohtani et al'® (Table 8) reported seven cases of
ossification with myelopathy occluding 38%-60%
of the sagittal dimensions of their spinal canals.
Three of his asymptomatic cases had 25%, 25%,
and 30% occlusions, respectively. With thoracic
PLLO, the symptoms thus can increase in
proportion to the degree of the occlusion by
ossification. Ossification thicknesses of 3 of
our 55 thoracic PLLO cases exceeded 40% of the
sagittal dimensions of their spinal canals, but
none had neurological abnormalities. In no case
did the neurological findings indicate that the
spinal cord was definitely involved at the
thoracic levels. In the present study, the critical
degree of occlusion by thoracic PLLO could not
be ascertained, and further assessments of this
point using CT are indicated.

Though various causes of PLLO have been
proposed, its true etiology remains unknown.
The features of the various kinds of spondylitis
have been reviewed in detail, but they appear to
be different from those of PLLO.*® Among
degenerative abnormalities, the local causes
include trauma"®® and disk herniation.3®
The general factors reportedly influencing
the development of PLLO are obesity, diabetes
mellitus, >~ generalized  degeneration,?’

fluorosis,”® and a tendency towards hyper-
ostosis, 5111:29:31,36-38

Cervical PLLO often accompanies ankylosing
spinal hyperostosis or generalized hyperostosis,
such as diffuse idiopathic skeletal hyper-
ostosis.” ™  Many Japanese investigators have
therefore regarded PLLO as part of a general
hyperostotic diathesis. Nearly all male cases in
the present study having thoracic PLLO had
ankylosing spinal hyperostosis, tending to
support this concept (Table 8). However, only
7 of our 46 females with thoracic PLLO had
thoracic ankylosing spinal hyperostosis. Thoracic
PLLO was predominant among females, and its
frequency did not “increase with age after 40
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years. On the contrary, ankylosing spinal hyper-
ostosis is predominant among males, and it
increases rapidly after 60 years of age.’*™ Sex
is apparently important in determining whether
PLLO occurs with ankylosing spinal hyperostosis
or diffuse idiopathic skeletal hyperostosis.
Therefore, it cannot be concluded that PLLO,
especially thoracic PLLO, is a form of ankylosing
spinal hyperostosis.

The present study indicated that thoracic PLLO
1) is not rare, especially when unaccompanied
by the cervical and lumbar forms; 2) is predomi-
nant among females; 3) is infrequently associated
with ankylosing spinal hyperostosis in females;
and 4) does not usually cause symptoms, even
when relatively marked in degree. These findings
are in contrast to those of other investigators
who detected cases in the ‘“clinical” stage.

One hypothesis considered is that some yet
unidentified factor, possibly endocrine, may
precipitate the development of ankylosing
spinal hyperostosis or diffuse idiopathic skeletal
hyperostosis, more readily in males than females.
Thoracic PLLO often develops along the vertical
axis, without increasing in thickness, resembling
a physiological process in aging.*® Patients with
this type of involvement could be expected to
remain asymptomatic, without developing
ankylosing spinal hyperostosis or diffuse idio-
pathic skeletal hyperostosis. However, if such a
factor should become operative, the thoracic
PLLO could increase in thickness, resulting in
radiculomyelopathy, accompanied by cervical
andfor lumbar PLLO and ankylosing spinal
hyperostosis.
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