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Abstract and Conclusions

Study Design : This study retrospectively reviewed postoperative outcomes of thoracic myelopathy
due to ossification of intraspinal canal ligaments.

Objectives : The purpose of this study was to clarify the advantages and limitations of posterior
decompresion surgery, as well as factors to leading to poor results.

Summary of Background Data : Many different types of surgical decompressions have been report-
ed. There is no universally accepted conclusion as to which procedure can contribute to good outcomes.

Methods : We examined 32 patients who had had thoracic myelopathy due to ossification of
intraspinal canal ligaments and upon whom we operated using posterior decompression between 1980
and 1994.

Results : The surgical outcomes were evaluated according to the Assessment of Treatment for Cervical
Spondylotic Myelopathy of the Japanese Orthopaedic Association with a maximum score of 11 points
excluding upper extremity function. For all 32 cases, the preoperative score was 4.3 points, increasing to
7.2 points at the last follow-up. The improvement rate was 43.7%. Factors leading to poor results
included preoperative lower extremity function, length of illness, multiple ossification, ossification level,
progress of ossification, degree of thoracic kyphosis, and complications.

Conclusions : Good results were obtained for cases in which OPLL continued from the cervical to the
upper thoracic spine, or was present only in the lower thoracic spine. The improvement rate of OPLL
cases in the region of thoracic kyphosis was low. Among these, the conditions of some cases deteriorated
with time, indicating the limitations of posterior decompression surgery for the region of thoracic

kyphosis.
Introduction

Ossification of thoracic spinal ligaments appears to be related to spinal ligament ossification. Despite
this, most ossifications of the cervical spinal ligaments consist of ossification of posterior longitudinal

ligament (abbreviated OPLL). Conversely, ossification of intraspinal canal ligaments causing compres-

Received Feb. 19, 1996, Accepted Mar. 7, 1996

Key words : Ossification of intraspinal canal ligaments, Thoracic myelopathy, Thoracic spine, Posterior decompres-
sion surgery.

(Reprint requests to : Department of Orthopaedic Surgery, Tokyo Medical College, 6-7-1, Nishi-shinjuku, Shinjuku
-ku, Tokyo 160 Japan)

(1)



— 254 — THE JOURNAL OF TOKYO MEDICAL COLLEGE Vol. 54 No. 3

sion of the thoracic segment of spinal cord is OPLL, or ossification of ligamentum flavum (OLF). These
conditions can occur either alone or in combination. Most cases of disorders of the thoracic spinal cord
resulting from ossification of the thoracic spinal ligaments present difficulties in obtaining the desired
postoperative outcomes compared with cases involving the cervical spine alone.

Even nowadays there are lots of discussions regarding surgical procedures. This paper reports the
posterior decompression surgery conducted by our department for ossifications of the thoracic spinal

ligaments, postoperative outcomes, factors contributing to poor results, countermeasures, limitations, etc.
Methods

The subjects were 32 patients with thoracic myelopathy due to ossification of intraspinal canal
ligaments, on whom we operated using posterior decompression between 1980 and 1994. They consisted
of 24 males and 8 females, whose ages at the time of operation ranged from 36 to 78 years (average 56).
The period of postoperative observation ranged from 6 months to 12 years (average 6 years) . Specifically
there were 18 cases of single ossification of the thoracic spinal ligament, 14 cases of multiple ossifications
of the cervical and the thoracic spinal ligaments. Concerning the level of figament ossification, 809, of
OLF existed in the lower thoracic spine. All accompanying ossifications of the cervical spinal ligament
consisted of OPLL. Of 14 cases, 9 cases had continuous cervical OPLL (Fig. 1).

Wide laminectomy was performed in cases with thoracic spinal OPLL. Recently expansive open-door
laminoplasty has been performed to prevent postoperative complications. For thoracic OLF, en bloc
laminectomy including the ossified region was performed. The number of decompressed laminae ranged
2 to 10, with an average of 5 laminae. For multiple ossifications of the cervical and the thoracic spinal
ligaments, a simultaneous surgery was performed in 5 cases, and also two-stage surgery in 7 cases. In 2

cases only thoracic spinal decompression was performed (Table 1).
Results

The surgical outcomes were evaluated according to the Assessment of Treatment for Cervical

Spondylotic Myelopathy of the Japanese Orthopaedic Association (JOA score) with a maximum score
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Fig. 1. Level of ossification of intraspinal ligaments.
There were 18 cases of single ossification of thoracic spinal ligament, and 14
cases of multiple ossification of the cervical and the thoracic spinal ligaments.
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Table 1. Methods of surgery.

Surgery
Level of . . ) ’
ossification Cervical spine  Thoracic spine  Number of cases
Only in the :
thoryacic spine — Laminectomy 18 Cases
Laminectomy  Laminectomy 1
Simultaneous Laminoo| g 1
surgery aminoplasty  Laminectomy
Laminoplasty ~ Laminoplasty 3
Both in Laminectomy  Laminectomy 5
the cervical T
wo-stage ) ;
and - ery Laminectomy  Laminoplasty 1
the thoracic spine
Laminoplasty ~ Laminectomy 1
Only thoracic - Laminectomy )

decompression

of 11 points excluding upper extremity function. The percentage of improvement was evaluated using the
Hirabayashi’s formula (Table 2). Numerous factors were compared and studied ; e. g., age, preoperative
severity, length of illness, ossification level, number of decompressed laminae, degree of thoracic kyphosis,
etc.

For all 32 patients, the preoperative average was 4.3 points, increasing to 7.2 points at the last follow-up
(Table 3). The improvement rates for lower extremity function, sensory function, and bladder bowel
function were 43.9+20.29,, 38.5+19.89,, and 52.0+23.39, respectively. Although recovery of lower
extremity function and sensory function appeared poor, no statistically significant difference was seen
between any two items.

As to age at the time of operation, the cases were studied after division into the prime age group below
55 years and the comparatively elderly group of 55 or more. Again no significant difference was observed
between those two groups. Concerning the preoperative severity, 9 cases that scored below 3 points
preoperatively acquired 2.6 points, with an improvement rate of 31.3%,. The 23 cases that scored above
four points acquired 3.2 points, with an improvement rate of 48.6%,, indicating no significant difference
between the two groups. The improvement rate, however, of the group with moderate illness was good,
and the scores of improvement increased in this group. Comparing preoperative lower extremity function,
the group scored fewer than one point preoperatively showed a poor improvement. This was significantly
lower than the group that scored more than two points preoperatively (Table 4). Concerning the history
of illness, cases that received early stage operation within 6 months scored an average of 4.2 points
preoperatively. Postoperative score jumped to an average of 8.2 points, with a favorable improvement
rate of 58.89,. Regarding the cases with a long history of more than 2 years, the preoperative score was
3.1 points. Postoperatively, the score rose only to 4.8 points showing a low improvement rate 18.8%, (p<
0.05). Cases with ossification of the upper and the lower thoracic spine obtained relatively favorable
scores and improvement rates postoperatively. Cases with ossification of the middle thoracic spine
obtained only poor results (Table 5). The cases with a low number of decompressed laminae attributable
to regional OLF, etc. showed good overall improvement. Conversely, cases with decompression of OPLL

in only the thoracic spine had greater number of decompressed laminae, along with ossification extension,
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Table 2. Assessment of treatment for Cervical causing considerable inconsistencies in the results.

Spondylotic Myelopathy by The Japanese In case of decompression performed from the

Crdwpeedlo Ssvodiarion. cervical to the upper thoracic spine for OPLL in

1. Upper extremity function that region, good improvement score and rate

0. Impossible to eat with either chopsticks or spoon were obtained in some cases despite the procedure
1. Possible to eat with spoon, but not with chopsticks . R
2. Possible to eat with chopsticks, but inadequate perfOrmCd over a broad range IHVOIVH’lg more
j :ossmlle to eat with chopsticks, but awkward than 8 laminae (Table 6) . In the group undergo-
. Norma
I. Lower extremity function ing posterior decompression which the subarach-

0. Impossible to walk

1 Need cane or aid on flat ground noid space in behind the spinal cord had not

2. Need cane or aid only on stairs disappeared on the CT myelography (CTM)
3. Possible to walk without cane or aid, but siow . . )
4 Normal image of the preoperative decompression level,
II. Sensory _ improvements were poor compared with the group
A.Upper extremity
0. Apparent sensory loss which showed disappearance of subarachnoid
1. Minimal sensory loss . .
5 N;’::j sensery space (Table 7). The spinal cross-sectioned area
B. Lower extremity of the most severely stenotic site in the preoper-
0. Apparent sensory loss . 5 5 5
1. Minimal sensory loss ative CTM showed no significant difference in the
02. ?0’”'13' improvement rate. The thoracic kyphosis was 10°
run
0. Apparent sensory loss -56° (averaging 36°). Looking only at the thoracic
ini I . .
; xgs:j' sensonyioss OPLL, cases with poor improvement rates had
V. Bladder function strong kyphosis compared with the average (Fig.

0. Complete retention

1 Severe disturbance 2). An increase of more than 10° in thoracic

(1)inadequate: evaluation of the: bladder kyphosis was seen postoperatively in 3 cases that
(2) Straining . X .
(3) Dribbling urine received only laminectomy. This was not observed

2. Mild disturbance
(1) Urinary frequency
(2) Urinary hesitancy ty. Of 8 cases in which more than 5 years had
3. Normal

in the cases that underwent expansive laminoplas-

passed since their thoracic OPLL operation, 2

cases showed progress in ossification along the

Percentage of improvement (by Hirabayashi method) = " " . .
_ longitudinal axis. One of these which showed
Postoperative JOA score - Preoperative JOA score

progression in more than 1 vertebral body suffered

X 100 (%)
17 (full score) - Preoperative JOA score recurrence because of the presence of OLF at the

base. Increased thickening was observed in only 1
case with little influence on the results. Cases with single ossification of the thoracic spine with a high
preoperative score also showed good improvement at an early stage postoperatively. For cases with
accompanying isolated cervical OPLL, inconsistencies were seen in the results at an early postoperative
stage and during long-term follow-up (Fig. 3).

The another factors contributing to the cases with poor results were OPLL of the thoracic kyphosis
peak (3 cases), progression of OPLL (2 cases), combing lumbar canal stenosis (2 cases), increased
kyphosis, laminectomy of OPLL over a broad range, and surgical technique on salvaging surgery (1 case
each), etc. Among 12 cases of multilevel ossification of the cervical and the thoracic spine, 7 cases were
diagnosed from the outset as having double lesions. And 5 cases underwent simultaneous operation.
Planned two-stage operations were performed early on 2 cases over a short period. Although the
postoperative follow-up period was short, the results were good in cases treated by simultaneous surgery.
Five cases underwent additional posterior decompression surgery of the thoracic spine because of further

deterioration in lower extremity function after the first cervical spinal surgery. Most of these cases had
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Table 3. Postoperative results concerning the level and the type of

ossification.
Level of I Preoperative Postoperative  Percentage of
ossification Type of ossification JOA score  JOA score improvement
. TOLF 43+21 73+20 43.9+£256
Only in the
thoracic spine
T OPLL+T OLF 47+25 7.3+21 40.0+235
OPLL continuing fromCto T 6.0+£1.9 10.0+2.4 80.0+29.8
OPLL inui
Bohin  pon s ot tolF 55415 85+25 545+26.4
the cervical T OPLL not continuing
and C OPLL
thethiarade g *from C 3.3+£2.0 43+22 13.0x141
C OPLL + TOLF 35+1.2 6.8+1.8 42.7+£242
Average 43+22 72+23 43.7+£265

OPLL = ossification of the posterior longitudinal ligament
OLF = ossification of ligamentum flavum ‘
C = Cervical T = Thoracic JOA = Japanese Orthopaedic Association

Table 4. Postoperative results concerning the lower extremity function.

Preoperative lower extremity function

Fewer than More than

Clinical features one point group two points group t-Test
Number of cases 18 14 —
Age (yrs) 57.0t12.2 54.9+13.6 n.s.
Duration (mo) 15.2+10.7 11.4+8.4 n.s.
 ropenaiid 3.5+1.5 56+1.5 -
Foctaperative 57+17 9.2+16 =
Improvement score 21£1.5 3.5+1.7 p<0.05
ety 282214 64.0£289 p<0.05
JOA = Japanese Orthopaedic Association n.s. = not significant

low scores on follow-up (Fig. 4).

Discussion

The thoracic spine is anatomically stable, and is the least mobile part of the spine overall. In
compression of the thoracic spinal cord, static compression factors are the principal component other
than dynamic factors. In the thoracic spinal ligament ossification, conservative treatments hold no hope
of improvement, and in most cases surgery is required”. In some cases, because the thoracic myelopathy
can deteriorate rapidly, early stage operations are required when symptoms of compression appear??,

The posterior decompression surgery performed for OPLL of the thoracic spine as compared to that

for OPLL of the cervical spine do not always produce the desired results. In some cases exacerbation of
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Table 5. Postoperative results concerning the level of ossification.

Level of ossification

Upper Middle Lower
Clinical features thoracic thoracic thoracic
spine spine spine
Number of cases 4 8 20
Age (yrs) 49.3+104 58.6+8.0 55.1+8.2
Duration (mo) 12.7+8.7 12.4+8.2 13.8+10.0
Preoperative
iyt 53+1.8 3.7+2.0 43+2.0
Postoperative
1A Rars 9.5+2.4 5.6+2.3 7.4+2.0
Improvement score 41+1.9* 1.8+1.4% 3.1+1.9
Percentage of *k *k
mprovement () /2-4129.8™  247+17.8™ 458+224
JOA = Japanese Orthopaedic Association % p<0.05 sk p<0.05 (t-Test)

Table 6. Postoperative results concerning the decompressed range.

Level of Number of Number of Preoperative Postoperative Percentage of
decompression Idecpmpressed cases JOA score JOA score improvement
aminae
2 8 36+16 7.3+2.0 50.0+18.0
Only 3 5 40+20 6.6+23 37.1+165
thoracic spine
decompression 4 8 49+19 6.7+28 282+135
6~8 6 3.8£24 6.7+26 39.2+18.5
8 (C3~Th3) 1 6 8 40
Simultaneous
decompression 8 (C4~Th4) 1 7 11 100
both
the covical 9 (C3~Th4) 1 7 11 100
and
the thoracic spine 9 (C6~Th7) 1 5 9 66.7
10 (C2~Th4) 1 3 7 50

JOA = Japanese Orthopaedic Association

symptoms has been reported?®®. Factors that can be considered are as follows : there is a limit to
posterior decompression surgery in the region of physiological thoracic kyphosis, there is considerable
compression of the thoracic spinal cord at the several points, ossification is seen in regions equivalent to
critical vascular zones in terms of spinal blood flow, postoperative thoracic kyphosis increases as a result
of the invasion to the posterior spinal elements, and accompanying OLF is frequently seen in numerous
cases.

Conversely, in OPLL of the thoracic spine with compression lesions anterior to the spinal cord, anterior
decompression surgery is logical. Outstanding results are also reported in physiological thoracic spinal

kyphosis?®). However there are numerous problems, e.g. limits to posterior decompression over a broad
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Table 7. Postoperative results concerning the preoperative CTM image.

Preoperative CTM image

Clinical features SAS (=) group SAS (+) group t-Test
Number of cases 26 6 -
Age (yrs) 54.5£18.6 62.3+14.3 n.s.
Duration (mo) 13.5+9.0 17.5+£8.2 n.s.
Preoperative

O oot 43+14 4.0+1.7 n.s.
Postoperative

o —— 7.8+2.0 4.5+2.1 p<0.05
Improvement score 3.5+1.8 0.6+1.0 p<0.05
Percentage of

improvement (0/0) 52.2i 1 5.6 74i 1 0.2 p<005
JOA = Japanese Orthopaedic Association n.s. = not significant

SAS (—) = disappearance of subarachnoid space in behind the spinal cord of the decompressed level

SAS (+) = appearance of subarachnoid space in behind the spinal cord of the decompressed level
CTM=CT myelography

Percentage of
O Thoracic OPLL

improvement
B Thoracic OLF
100% B
Om
80% S =
[ |
60%
m @ * a®0 =
O
40% L] |
] m BE
ﬁ =
20% g8 &)
!
0% Z Z Z 7 Z - Degree of
10° 20° 30° 40° 50° kyphosis

Fig. 2. Percentage of improvement concerning the thoracic kyphosis.
The thoracic kyphosis from Thl to Th12 was 10" —56° (average 36°) . Cases with
poor outcome had strong kyphosis compared with the average.

region, limits in its applications to OPLL accompanying OLF, a marked degree of surgical invasiveness,
and a high level of surgical skill. Because posterior decompression surgery makes multilevel decompres-
sion possible and presents few problems concerning surgical invasiveness and technique”, the posterior
procedure is advantageous for accompanying OLF, a posterior compressive element. We performed the
posterior decompression for cases requiring decompression over a broad area in cases of OPLL of the
thoracic spine, and for cases with accompanying OLF?,

In cases where lower edge of OPLL dose not reach the most prominent point of the kyphosis even if
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JOA score . .
(JOA score : Maximum 11 points)
Points

10 7 Single

——— ossification of
thoracic spine

Ossification of
thoracic spine
accompanying
cervical OPLL

1 1
OPJ;;a—ope Post-ope 6M Last follow-up
Fig. 3. Postoperative results of thoracic myelopathy due to ossification of
the intraspinal canal ligaments.
For cases with accompanying isolated cervical OPLL, inconsistencies
were seen in the results. There was the difficulty of treating multilevel
ossification.

JOA score

(JOA score : Maximum 11 points)

Points
117
10 | Simultaneous surgery
-------- Planned two-stage surgery
.. Additional surgery because
of further deterioration
5
[J cervical spine surgery
Bl Thoracic spine surgery
Years
0 T T T T T
Pre-ope 1Y 5Y 10Y 15Y

Fig. 4. Long-term follow-up of multilevel ossification.
Twelve cases of multilevel ossification were operated both the cervical and the
thoracic spine. It seems that postoperative results were good in cases treated by
simultaneous surgery.
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OPLL continues from the cervical to the thoracic spine, and in cases where ossification is limited to the
lower thoracic spine, relatively good results are obtained. Conversely, the improvement rate is low in
many cases in which posterior decompression was performed over a broad area for OPLL of the thoracic
kyphosis region. In some cases symptoms recurred even after temporary improvement. In addition, other
factors related to poor results include preoperative severity, especially in cases with poor lower extremity
function, and prolonged illness. Thus, for early stage cases in which the thoracic myelopathy is not severe,
and for OPLL cases with a low degree of kyphosis, relatively stable and good results can be expected with
posterior decompression surgery®). Posterior decompression surgery, however, has its limitations. For
OPLL in thoracic kyphosis region, cases showing a subarachnoid space in behind the spinal cord visible
on the CTM image, and OPLL with a relatively short extent, we recently employ anterior decompression
as the first treatment of choice because an adequate decompression for thoracic spinal cord cannot be
gained by posterior procedure alone®. Anterior decompression surgery can consist of an anterior
approaching anterior decompression, posterior approaching anterior decompression, and circumspinal
decompression of the spinal cord through anterior and posterior approaches, etc. Different surgeons
choice different methods»%9.

In ossification of the thoracic intraspinal canal ligament, difficulties are often experienced in neur-
ological diagnosis and in determing the decompression range. Neurological examination is essential, but
the results in the involving the thoracic spine differ from those of the the cervical spinal or the lumbar
spinal lesions, etc. In some cases, moreover, the degree of severity cannot be evaluated easily by sensory
disturbance, muscular strength, deep tendon reflex, etc. Concerning the neurological diagnosis of
myelopathy due to the ossification of the spinal canal ligaments at both cervical and thoracic spines, it
has been reported that the presence of white matter disorders in the cervical spinal cord plays an
important role!?. It has also been clarified that the somatosensory evoked potential (SSEP) correlates
with the severity of the myelopathy. It has also been reported that SSEP abnormalities can indicate the
level on the spine responsible for the disorders!?). However, it is extremely difficult to diagnose the upper
and lower margins of the disorders. Accordingly, it is necessary to conduct comprehensive imaging
diagnosis, electrophysiological diagnosis such as SSEP, as well as neurological examinations in order to
determine the decompression range. For tandem lesions located in the thoracic and either the cervical or
the lumber spine, extreme care must be exercised to determine the level of the spine responsible for
disorders, the severity and the surgical order of priority. In cases of multiple ossifications in both the
cervical and the thoracic spines, simultaneous decompression should be considered after the strict
selection of cases. In OPLL of the thoracic spine over a broad region, there is a limitation to the range
of decompression despite the use of posterior decompression. Decompression, moreover, may not
necessarily be adequate. There exists a possibility that compression of the spine attributable to a broad
OPLL may be related to irreversible changes of the spinal cord, demonstrating limitations of posterior
decompression”. This requires consideration of the method of decompression of the thoracic spinal cord
according to the illness, as well as a surgical method to be carefully applied to the delicate spinal cord'®??.
Because in some cases in which results diminish with time, problems such as complications should always
be considered. It is important to operate as promptly as possible for cases requiring additional decompres-

sion?.
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