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SUMMARY Lo o

Though ligamenta flava ossification (LFO) occurs
frequently in normal persons, it has not
previously been reported as detected by lateral
chest radiography. Review of 1,744 lateral chest
radiographs identified LFO in 6.2% of the males
and 4.8% of the females. It was observed mainly
at the intervertebral segments from T9-10
through T12-L1, and by shape, consisted of
four types: ‘“hook”, ‘“beak”, “linear”, and
“nodular”. The hook type was most prevalent,
projecting inferiorly from the inferior facets into
the projection of the intervertebral foramina.
None of the affected persons reported neuro-
logical symptoms. Several had thoracic posterior
longitudinal ligament ossification, diffuse idio-
pathic skeletal hyperostosis, or degenerative
osteoarthritis, but LFO apparently existed in-
dependent of these abnormalities. LFO was
first visualized radiologically between the 20th
and 40th year of age, and may be a physiological
condition rather than a disease in the true clinical
sense. If advanced, however, it may cause
myelopathy, especially when associated with
thoracic posterior longitudinal ligament ossifica-
tion or with trauma.

INTRODUCTION

Ossification of the ligamenta flava (LFO) has
recently received considerable attention as a
cause of myelopathy.! It is reportedly associated
with posterior longitudinal ligament ossification
(PLLO).>® Some investigators suggest that it is
a physiological phenomenon associated with the
growth of bone.”™® It is an entity different from
so-called “‘hypertrophy” of the ligamenta
flava.’” " This is a report of the radiological
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manifestations, prevalence, and development of
LFO in the thoracic region and an evaluation of
its clinical significance.

MATERIALS AND METHODS

The Adult Health Study (AHS)' is a long-term
follow-up investigation of a fixed sample of the
Hiroshima and Nagasaki populations for late
radiation effects of the atomic bombs. This
sample originally consisted of 20,000 survivors
and comparison subjects. All AHS subjects
receive complete physical and laboratory exami-
nations biennially, including posteroanterior,
stereoscopic, and lateral chest radiography.
Other examinations, including radiography and
fluoroscopy of other body sites, are performed
when clinically indicated.

The lateral chest radiographs of 2,000 AHS
subjects were reviewed, of which 1,744 were
satisfactorily positioned at radiography to clearly
visualize their intervertebral foramina and were
scrutinized for ossification in the projection of
the foramina. When indicated, lateral tomograms
were obtained to clearly visualize the ossifica-
tions. The latter were then classified by type,
and investigated retrospectively.
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TABLE 1 PREVALENCE OF THORACIC LIGAMENTA FLAVA OSSIFICATION
BY AGE & SEX
#1 o Ewi o BT RE, Fiss R

Male Female
Age AHS
LFO Cases Subjects Prevalence LFO Cases Subjects Prevalence
30-39 3 87 3.5% 6 85 7.1%
4049 7 149 4.7 23 215 10.7
50-59 11 155 7.1 18 351 5.1
60-69 6 117 51 3 249 1.2
70-79 10 123 8.1 2 159 1.3
80 + 4 33 12.1 0 21 0
Total 41 664 6.2 52 1080 4.8
RESULTS " B

The prevalence rates of LFO were 6.2% for
males and 4.8% for females (Table 1). Included
in this study were 93 persons whose radiographs
showed definite evidence of ossification in the
projection of one or more intervertebral
foramina. The four types of ossification were
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Figure 1 Four types of ligamenta flava ossification
M1 Hea@sEito 45

classified as shown in Figure 1. Most were of the
“hook” type, followed by “beak”, *“linear”, and
“nodular” type ossifications, in that order.
Examples of these are shown in Figures 2-5,
with variations in Figures 6-11. The ossifications
were predominantly in the projection of the
intervertebral foramina at the T10-11 and T11-12
levels (Table 2).

The average age of subjects with LFO at their
last examination was 61 years for males (range
36-84) and 50 years for females (range 33-75).

Of the 93 persons with LFO 3 also had PLLO,
6 had diffuse idiopathic skeletal hyperostosis,
and 8 had moderate degenerative osteoarthritis.

The radiographs of 83 (38 males and 45 females)
of the 93 LFO cases spanned observation
periods of 10 to 20 years, averaging 16 years.
Age at onset was established for 5 males and 9
females and averaged 32 years for males (range
22-44), and 35 years for females (range 17-42).
There was minimal progression throughout the
observation period of each case. The develop-
ment of LFO is illustrated in Figure 12.

Among the remaining 69 cases, LFO was present
at the initial examination when the average age
was 45 years for males (range 27-65), and 34
years for females (range 23-53). This suggests
that onset was at a relatively young age and that
the process remained unchanged for many years.
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TABLE 2 PREVALENCE OF THORACIC LIGAMENTA FLAVA OSSIFICATION
BY SITE & TYPE

#2 RGPS i RE, SR UL

Foramina Clearly

Positive LFO

LFO Type

Spinal Level

Visualized Cases % Hook Beak Linear Nodular
T1- 2 0 0 0 0 0 0 0
2— 3 5 0 0 0 0 0 0
3- 4 17 0 0 0 0 0 0
4- 5 73 1 14 0 1 0 0
5—- 6 91 3 33 2 0 0 1
6— 7 92 4 43 3 1 0 0
7- 8 93 7 1.5 5 2 0 0
8- 9 93 7 7.5 6 1 0 0
9-10 93 31, 333 24 3 1 3
10-11 93 71 76.3 50 13 3 5
11-12 93 64 68.8 34 14 9 7
T12-L1 80 15 18.8 9 1 4 1
L1-2 32 0 0 0 0 0 0
Total ~ No. 855 203 133 36 17 17

% 100 65.5 17.7 8.4 8.4

It is noteworthy that after reaching its peak
prevalence, the thoracic LFO rate declined in
females above 50 years.

DISCUSSION

In 1929 Polgar'® reported two cases of LFO in
the lumbar spine. LFO detection by means of
lateral chest radiography has not previously been
reported. There have been numerous reports of
so-called “hypertrophy of the ligamenta flava™
as a cause of myeloradiculopathy ™ However,
this entity cannot be visualized by ordinary
radiography. It can only be identified by
myelography or at surgery, and this is not the
subject of the present study.

Oppenheimer!” identified LFO in 24 of 50
patients with rheumatoid arthritis of the
apophyseal joints, but did not further analyze
the results. According to the 1955 report of
Hiraoka,” Schmorl was of the opinion that LFO
develops concomitantly with degenerative osteo-
arthritis. Hiraoka’ studied 128 skeletons and
concluded that in 349% at least one ligamentum
flavum was ossified from T3-4 through L4-5,
most frequently from T8-9 through L1-2, and
usually projecting inferiorly from the inferior
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facets. LFO was not detected in cadavers of
persons less than 20 years of age. Until recent
years, there have been only sporadic reports of
myelopathy due to LFO in cases confirmed at
surgery, and there was little or no reference to
radiographic findings in these reports,'®72!

As a cause of myelopathy, LFO has recently
received considerable attention along with PLLO
which was first reported as early as 1960.22
LFO case series have appeared mainly in
orthopedic journals. There are several reports
of its prevalence and radiologic findings,®™%16:23
but none of these was based on lateral chest
radiography of members of a fixed population
sample.

Some investigators have proposed classifications
of LFO patterns on the basis of anatomical
studies™® and radiographic findings.®® These
classifications are not suitable for this study,
because the anatomical classifications include
minute bony spurs too difficult to visualize
radiographically. The radiographic classifications
are either too simple® or complex®. in pattern
and inappropriate to use here, but our observed
manifestations of LFO could be categorized by
shape into four types (hook, beak, linear, and
nodular, Figure 1). Most were of the hook
type, projecting inferiorly from the inferior
facets into the projections of the intervertebral
foramina (Figure 2). Next in frequency was the
beak type, projecting inferiorly and superiorly
from both the inferior and superior facets
(Figure 3). Occasionally, it was difficult to
differentiate a bony spur from a deformed
superior facet. The latter are reportedly
responsible for myelopathy.?»*  The linear
type includes broad straight (Figure 4), thin
arch-like, short linear, and other types of
projections which are generally linear in shape
and may occasionally develop from the hook
and beak types. The nodular type often consists
of a triangular node attached to an inferior
facet (Figures 4 and 5), and sometimes a thick
node connecting both facets and causing
narrowing of the foramen on the lateral chest
radiograph (Figure 11).

In most cases, hook-shaped bony spurs project
mainly at the T10-11 and T11-12 intervertebral
spaces (Table 2). LFO alone does not appear to
cause neurological symptoms unless other factors
such as trauma, PLLO, or severe degenerative
changes become operative. However, our recent

RERF TR 21-79
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study®®?7 suggests that persons with PLLO also

remain asymptomatic for many years. Our
results do not indicate that LFO develops as a
part of degenerative disease or along with
ossification of other sites in the thoracic spine.

The relatively wide age range at first appearance
of LFO may be due to radiographic exposure
conditions, including technical factors and
positioning of subjects during exposure. Thus,
LFO may have been detected earlier than the
fourth or fifth decade, had our radiographs been
more suitable in these respects. Considering our
results and others, thoracic LFO apparently
develops at about age 20 vyears and remains
unchanged for long periods.

Understandably, in this study, the radiologically-
determined prevalence rates for thoracic LFO
are lower than reports based on anatomical
investigations.™® This is partially because very
small bony spurs cannot be well visualized on
lateral chest radiography, and the upper portion
of the thoracic spine is sometimes difficult to
visualize clearly due to the superimposed densities
of the shoulders. LFO was more difficult to
detect in elderly women, probably due to post-
menopausal osteoporosis which obscures bone
margins.

This investigation failed to reveal persons whose
LFO caused incapacitation or debility. However,
in view of the relative ease of detecting LFO
by lateral chest radiography, attention should be
given to diagnosing this entity. The latter is
particularly true because LFO may be the
cause of myelopathy involving the spinal region,
especially when associated with thoracic PLLO
or trauma.
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FIGURE 2 (MF-). A 47-year-old female in 1978 had hook type (Figure 1,
a-1) ossifications projecting anteroinferiorly from inferior facets of T11 & TI2.
There was no change since the first examination in 1962. This LFO is typical as to
location & appearance.

B2 ( MF-) . 4TEE O oM. 197844z TILR U T120) FRAEZERE A SR FA~Z M L - #a1k
(1, a-1) D LA RN, 1962FEDMBEEHLSELE L2 ok ZhIREHHRLD
WRIE) iR BT TH 5.

FIGURE 3 (M A 53-vear-old female in 1978 had beak type LFO
(Figure 1, b-1) in the projection of the foramen at T11-12. It had the same
appearance in 1958.

3 ({MF V. 53 @ i, 197841 T11-120MEMFLIZZEH L =Mk (B 1, b-1) B4t
HREE5 N, 1968FIC L RBOREBTH - 7.




RERF TR 21-79

FIGURE 4 (M. A 32-year-old female had a thin linear type LFO (Figure
1,¢-1)at T10-11 & a hook type LFO (Figure 1, a-1) at T11-12.

lEtl(MFM). B2MED L. T10- 111k (B, e-1), T 12040k (M 1, a-1) 0
WEYHFELI RS b,

FIGURE 5 (MF-. A 75-year-old female in 1978 had nodular type (Figure 1,
d-3) ossifications in the projection of the foramina at T10-11 & T11-12 (Figure 1,
d-1) present since her first examination in 1959.

5 ( MFq). TorE D4tk 1978412 T11-12(X 1, d-1) B¢ T10-11(® 1, d-3 ) » HER
LB LA ROBRFR A, ZhE Z199F DB »S5H-2b0TH 5.
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FIGURE 6 (MF). 4 38-vear-old mate in 1965 had thick hook type (Figure
1, a-2) ossification in the projection of the foramen at T11-12 without interval
change from 1959 to 1978.

me (M mzomn. veE: Tn2ogmLERL L AmeBR @, 22)0
BICARD 0, 19599 5 519784 £ TOMIE(LE 2 b o . :

FIGURE 7 (MF 4 60-vear-otd mate in 1978 nad hook type (Figure 1, a-4)
ossification projecting superiorly from the superior facet of TI12. It remained
unchanged since 1966. This type is often difficult to differentiate from degenerative
abnormalities of the superior facet.
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FIGURE 8 (M, ). A 43-year-old female in 1972 had a triangular node type
(Figure 1, d-1) and thick linear type (Figure 1, c¢-2) ossification in the projection
of the foramina at T11-12 and TI12-L1. These had been present since the first
examination of 1959 until 1978, without significant change. There were minimal-
moderate degenerative changes of the spine in 1978.

o8 (MF‘-). B M. 19726812 TIL 2R G TI12-L1 OHMILIZ=E LA S HFO
REHR (L, d-1) ROV (1, ¢-2) 0EsrRE Rk, = A5 1950 DB A 5
19784 % THAEL, #OMERETIIE A b o5 19784 12 B H B AE & 5 3 A 03B M (L
HdH o

FiGURE 9 (MFIJ. 4 47vear-otd femate in 1978 had doubie linear type
(Figure 1, c-4) ossification in the projection of the foramen at TI11-12. This had
been noted since the first examination in 1964 without interval change.

9(MF-). ATRE O Lk, 197882 T11-120MEMFLICEH L 2 ZEoHIKR (B 1, c-4) D
FHFRLhE., ZhZI9MEOWBEL RO 5N, REBEPOZ(IE S > 7.

10



RERF TR 21-79

FIGURE 10 (M. ;
A: A 69-year-old male in 1962 had thick hook type (Figure 1, a-2) ossification in
the projection of the foramen at T9-10, a thin linear (Figure 1, c-1) or hook type
(Figure 1, a-2) ossification at T10-11, and a thick beak type (Figure 1, b-2)
ossification at T11-12. There were minimal degenerative changes of the spine.
mio(vr -
A: GIEOBME. 196212 TI- 100 HEM LI WP LAWK (R 1, a-2) D1k, TI10-11
HWHR (R 1, c-1)FLLEER(EL, a-2)0f(k, TL-12i2EuMR(HL, b-2)0
PR A, FECBEOBITEELYKS - 72,

B:  In 1978 at age 85 years. All the ossifications present 16 years previously
had increased minimally in density.

B: 19784, 85, 6FEM LV FEL T3 HAMRE LT rHHL TV .
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FIGURE 11 (MF-).

A: A 47-year-old male had a semicircular node type ossification in the projection
of the intervertebral foramen at T9-10. LFO is also noted at T10-11 & T12-L1.

11 ( MF-) .
A ATEEOBEME. TO-100METLIczEl L AFABoEHKOE LA Rshs. TI-ULET
TLR2-L1 it dapiEitrsrRons.

B: A lateral tomogram. In the projection of the foramina at T9-10 and T12-L1
the inferior & superior facets are connected by the LFO.

B: (U ET AR, T9-10RU TI2-L1 oMM CcCiEEToMEREN HaHWHT(iIz&-T
MgshTn 3,
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rroure 12 (vr |-

A: A 34-year-old female. In 1964 a small
bony spur (LFQ) is seen in the projection of the
foramen at T7-8, posteriorly.

12 ( MF ).

A 194 ICUREO K. T7- 8 OHEMILIZHE H iz
oz (aEret) PR hi.

B:  In 1970 at 40 years of age the bony spur
developed to a hook type, projecting anteriorly
from the inferior facet of the seventh vertebra
at T7-8.

B: 19704F, 40, HziEuddviRiciETL, T7-80
BT RO TR S ST IZREL TV 3.

C:  In 1978 at 48 years of age the hook type
ossification became a beak type.

C: 19784, 48i. KRB LAWEIRIZE - /2.
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