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Surgical treatment for thoracic spinal stenosis
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Objectives: To describe the underlying causes, surgical results and prognostic factors in
thoracic stenosis causing myelopathy.
Methods: The underlying causes and surgical results were analyzed retrospectively in 28 cases
of thoracic spinal stenosis which caused myelopathy. Degenerative spondylosis was the most
common cause, and three cases were associated with systemic diseases. Decompressive
laminectomy was performed in 24 cases, anterior decompression in ®ve cases, and combined
decompression in one case. Ossi®cation of ligamentum ¯avum was found in 18 cases, facet
hypertrophy in 13, ossi®cation of posterior longitudinal ligament in six, and ventral spur in
four. Postoperatively 16 patients improved and four patients worsened. Follow-up ranged
from 2 months to 5 years and 8 months). Statistical analysis was performed using a w2 test to
investigate the relationship between subjects. Multivariant analysis (general linear model) was
used to determine the factors which in¯uence surgical outcome.
Results: There were neurological improvements in 16 patients, in whom Nurick grade
changed from 3.3 preoperatively to 1.8 postoperatively. Eight patients showed no signi®cant
change in functional grade and four patients deteriorated after decompressive laminectomy.
The group of which initial symptom duration was less than 2 years showed better results
(P=0.006). The group with su�cient decompression and no additional proximal stenosis had
better treatment outcome (P=0.005, P=0.002).
Conclusion: Chronic severe myelopathy caused by thoracic spinal stenosis can be reversible
with appropriate decompression. Surgical outcome was dependent on initial symptom
duration, su�cient decompression and presence of additional proximal stenosis.
Sponsorship: This study was supported by a grant No. 02-1997-071-0 from the Seoul
National University Hospital Research Fund.
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Introduction

Even though spinal stenosis in the cervical or lumbar
region is well known, thoracic spinal stenosis is less
recognized.

After Marzlu� et al1 reported four cases of thoracic
stenosis due to facet hypertrophy, many authors
identi®ed degenerative hypertrophy of the posterior
elements as the pathologic cause of thoracic stenosis.
Degenerative disc disease causes physical stresses on
the posterior elements, produces hypertrophy of these
structures, and it encroaches posteriorly on the
thoracic cord.2 Symptoms in thoracic stenosis are
related to later development of posterolateral spondy-

lotic changes in the narrow spinal canal.3 Thoracic
cord compression can also result from anterior disc
protrusion, spondylotic spurs, an ossi®ed posterior
longitudinal ligament, ligamentum ¯avum thickening
or ossi®cation, or a combination of these factors.2

Degenerative thoracic stenosis is known to develop at
the lower thoracic level, where ¯exion and extension
movements frequently occur.4

Symptomatic thoracic spinal stenosis is also found
in systemic metabolic diseases such as acromegaly,
achondroplasia, osteochondrodystrophy, Scheuer-
mann's disease, hypophosphatemic vitamin D-refrac-
tory rickets or Paget's disease.2,5 Secondary thoracic
stenosis due to metabolic diseases tends to involve
longer segments and leads to circumferential narrow-
ing of the spinal canal.
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It is known that symptom manifestation present
di�erently according to the patients' age, causes of
stenosis and the level of stenosis.6 However, surgical
outcome and its prognostic factors are not well
established. We performed surgery on 28 cases of
thoracic spinal stenosis caused by various pathologic
entities, most of which presented with thoracic
myelopathy. To describe surgical outcome and its
prognostic factors, medical records and radiological
data were analyzed retrospectively.

Materials and methods

Patient population
From 1987 to 1997, 28 consecutive patients with
thoracic stenosis underwent decompressive surgery at
the authors' institute. There were 15 males and 13
females with a mean age of 49 years, with a range from
4 to 77 years. Postoperative follow-up ranged from 2
months to 68 months (mean 30.6 months). Post-
operative follow-up evaluation was done with clinical
exam at outpatient clinic.

Diagnosis and de®nitions
The initial symptoms were paraparesis (eight cases,
29%), sensory change (®ve cases, 18%), tingling sense
(12 cases, 43%) or truncal or back pain (three cases,
10%) (Table 1). The duration of initial symptoms
ranged from 2 months to 20 years (median, 12
months).

Spastic paraparesis was the most common chief
complaint (24 cases, 86%); there were also two cases of
sensory change and two of back pain. The mode of
progression was classi®ed as rapid (motor weakness
was apparent within 6 months after initial symptoms),
or insidious (paraparesis appeared more than 6 months
after initial symptoms). Eleven cases (39%) showed a
rapid course and 17 (61%) an insidious course.

Clinical features were divided into two subtypes;
typical myelopathy, or mixed type with myelopathy
and radiculopathy. Typical myelopathy was seen in 24
cases (86%), in whom spastic paraparesis, hyperre-
¯exia, and sensory loss below the stenotic level were
noted. Bilateral myelopathy was more frequent than
unilateral involvement (18 vs six cases). Mixed
myelopathy with radiculopathy was seen in four cases
(14%), in whom paraparesis, radicular pain and
normal deep tendon re¯ex were found.

Stenotic levels were classi®ed as upper (T1 ±T4),
middle (T5 ±T8) or lower (T9 ± T12) thoracic segment.
The most frequently involved segment was the lower
thoracic (T9 ±T12) (15 cases, 54%), followed by the
midthoracic (T5 ± T8) and upper thoracic (T1 ±T4)
(Table 2). Additional signi®cant stenosis in other
separate segments was seen proximally and distally
in three patients each, at the time of surgery. The
other two cases with additional stenosis were treated
before or long after thoracic spine surgery (Table 3).
In 20 cases (71%), spinal ligaments were ossi®ed in
some segments and di�use idiopathic skeletal hyper-
ostosis (DISH) was found in two cases.

Magnetic resonance imaging (MRI) and metriza-
mide myelographic computed tomography (MMCT)
were used to diagnose the causes of compression of the
spinal cord. MRI was performed in 26 and MMCT in
12 patients.

Causes of thoracic stenosis were thickening or
ossi®cation of the ligamentum ¯avum (18 patients,
64%), facet joint hypertrophy (13, 46%), ossi®cation
of the posterior longitudinal ligament (six, 22%), and
ventral spur or disc protrusion (four, 14%). Patients
were thus divided into three groups according to the
stenotic site, namely anterior lesions (n=5), posterior
lesions (n=18), and combined anterior and posterior
lesions (n=5). Anterior lesions included ossi®cation of
the posterior longitudinal ligament (OPLL) and
spondylotic spur of the vertebral body with or
without disc protrusion. Posterior lesions included
facet hypertrophy and/or thickening or ossi®cation of
the ligamentum ¯avum (OLF). Severe disc degenera-
tion or protrusion was observed in 10 cases, about
59% of the 17 cases for which MRI ®lms were
available. In the remaining seven cases, disc degenera-
tion was not found in stenotic level.

For the evaluation of preoperative and postopera-
tive neurological status, Nurick's functional classifica-
tion of myelopathy was applied.7 Mean preoperative
Nurick's grade was 3.2, with grades III and IV the
most common. Postoperative outcome was classi®ed as
improvement, aggravation or no change. Improvement
was de®ned when postoperative Nurick's grade was
better than preoperative Nurick's grade.

Surgery
Surgical treatment was performed with posterior (23
patients) and/or anterior decompression (four patients)
including one case of combined anterior and posterior
decompression. Posterior decompression comprised
laminectomy and bilateral medial facetectomy. The

Table 1 Initial symptoms of the 28 patients

Number of
Initial symptom the cases (%) Duration (months)

Tingling sense 12 (43) 55.8
Paraparesis 8 (29) 41.5
Sensory change 5 (18) 48.6
Truncal pain 3 (10) 61.0

Table 2 The level of involvement in thoracic stenosis

Level Cases (%)

Upper (T1 ±T4) 6 (21)
Middle (T5 ±T8) 7 (25)
Lower (T9 ±T12) 15 (54)
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mean numbers of stenotic and decompressed segments
were 2.2 and 3.6 respectively (Table 4). Asymmetrical
cord compression by the posterior element was
observed in 11 cases; predominant right-sided compres-
sion (n=6) was slightly more than left sided (n=5).
Eighteen patients in the dorsal lesion group, four in the
combined lesion group and one in the anterior (OPLL)
group underwent posterior decompression. Four
underwent anterior decompression. In the anterior
decompression group, the mean number of stenotic
and decompressed segments was 1.8 and 1.2 respec-
tively (Table 4). Anterior decompression included the
anterolateral approach (thoracotomy) in one case of
ventral spur due to old compression fracture and one
of OPLL, the posterolateral approach (costotrans-
versectomy) in one case of ventral spur due to old
compression fracture, and the posterior approach
(transpedicular) in one case of OPLL. Combined
anterior (transpedicular approach) and posterior
decompression was performed in one patient with
disc herniation and a thickened ligamentum ¯avum.
Bony fusion was done with anterior approach and not
with the posterior approach (Table 5).

Factor analysis
Data analysis was performed using a computer
statistical program (SPSS for Windows; SPSS Inc.,
Chicago, IL, USA). Statistical analysis was performed
using a w2 test to investigate the relationship between
subjects. The analyzed factors were age (below 49 and
over 49 years), initial symptoms, duration of initial
symptoms (up to 2 years, over 2 years), chief
complaints, duration of chief complaints (up to 2
months, from 2 ± 4 months, over 4 months), clinical
type, preoperative Nurick's grade, stenotic level,
stenotic cause, additional proximal stenosis and
su�cient decompression. Multivariant analysis (gen-
eral linear model) was used to determine the factors
which in¯uence surgical outcome. For these analyses,
the criterion for statistical signi®cance was set at a
probability value of 0.05 or less.

Results

Clinical manifestations
The mean duration of initial symptoms was 51.0
months (median, 12.0 months) and mean duration of
chief complaint was 24.1 months (median, 4 months).
There was no signi®cant di�erence between degenera-
tive and secondary stenosis group (Table 6).

The mean interval from initial symptoms to
paraparesis was 29.7 months; in the group with
ventral pathologic lesions the interval was shorter
than in the group in which stenosis was attributed only
to posterior elements, which was statistically signifi-
cant (P=0.032). Sphincter change was present in 14
cases (50%).

Table 3 The cases with signi®cant stenosis at other segments

No. Sex/age CC Level Stenotic cause Associated stenosis Operation
Postoperative

course

1 M/69 para T1 ± 3 FH L-stenosis ¬ C7 ±T3 TL Improved
 L2 ± 4 TL and fusion

2 F/43 para T9 ± 12 FH (T11 ± 12) Upper T-stenosis ¬ T8 ± 12 TL Improved
Spur (T9 ± 11)  T7L1 ± 2 TL (8 years later) Aggravated
OPLL (T9 ± 11) ® T2 ± 4 TL Paraplegic

3 F/39 para T2 ± 3 FH and LF C-OPLL ¬ T2,3 TL and T1,4 PL Improved
thickening  C1 ± 7 TL (7 years later) Rt. hemi

4 M/52 para T8 ± 10 OLF C-OPLL Simultaneous TL C2 ±C7 and T8 ±T10 Good
(DISH) C4,5 corpectomy and AIF (3 years later)

5 M/17 para T3 ± 4 FH L-stenosis T2 ± 4 TL Slightly
(achondroplasia) improved

6 F/46 para C7 ±T3 OPLL C-OPLL ¬ C7 ±T5 TL Quadriparesis
(DISH)  C1 ±C6 TL

7 M/32 para T11 ±L1 Compression L-stenosis Ant. Decompression Improved
fracture
(T11,12)

8 M/77 para T11,12 OLF and FH L-stenosis ¬ L2 ± 5 TL Paraparesis
 T1,12 TL Improved

*para=paraparesis; FH=facet hypertrophy; OLF=ossi®ed ligamentum ¯avum; ant=anterior; TL=total laminectomy;
PL=partial laminectomy; hemi=hemiparesis; AIF=anterior interbody fusion; OPLL=ossi®cation of posterior longitudinal
ligament; CC=chief complaint

Table 4 Number of decompressions compared with surgical
approach

Stenotic
segments

Decompressed
segments

Anterior decompression group
(n=4)

1.8 1.2

Posterior decompression group
(n=23)

2.2 3.6
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Radiological ®ndings
Signal change in the spinal cord was found in eight
cases (32%) on preoperative MRI, but did not
in¯uence postoperative outcome (P=0.208). On MR
T1-weighted images, thickening or ossi®cation of the
ligamentum ¯avum was seen as a central hyperintense
triangular structure with marginal hypointensity along
the posterior surface of the spinal cord. The
characteristic feature was a beak-like, bilaterally
thickened projection into the spinal canal. Ossification
of the ligamentum ¯avum was seen on CT as linear
high density. Thickening with or without ossi®cation,
was often associated with facet joint degeneration.
Parasagittal T1- or T2-weighted images showed
apophyseal impingement on epidural fat or the
subarachnoid space and axial views more clearly
showed compression of the spinal cord by a
hypertrophied superior articular process (Figure 1).

Surgical outcome
Most patients improved after decompression. There
was symptomatic improvement in 22 cases (79%);
motor function improved in 16 (57%) and sensory
impairment or leg pain was alleviated in the remaining
six (22%). No neurological change was seen in two
cases in which the duration of symptoms was so long
(4 years and 14 years, respectively).

Functional grade was aggravated in four cases of
posterior decompression. One patient had whole-spine
OPLL, and only the upper thoracic spine was
decompressed posteriorly (Table 3, case 6). Another
underwent posterior decompression in the lower
thoracic spine where the spinal cord was compressed
by OPLL and hypertrophied facet, although there was

additional upper thoracic stenosis (Table 3, case 2).
Two others had an ossi®ed ligamentum ¯avum at
midthoracic level. Overall mean postoperative Nur-
ick's grade was 2.6, while mean preoperative Nurick
grade was 3.2.

Factor analysis
The result of w2 test and multi-variant analysis was
summarized in Table 7. Patients in whom the duration
of initial symptoms was less than 2 years showed a
better postoperative outcome than those whose initial
symptoms had lasted for more than 2 years (P=0.003).

Additional proximal stenosis was inversely related
to surgical outcome (P=0.001). In seven patients,
there was additional stenosis ± either preoperatively
or at the time of surgery ± at other levels. In four
patients, in whom proximal decompression was

Table 5 The stenotic causes and surgical approach

Compression site Stenotic cause Cases (%) Surgical approach

Posterior Facet hypertrophy 4 (14) Post. decompression
Ossi®ed LF 7 (25) Post. decompression
Combined 7 (25) Post. decompression

Anterior OPLL 3 (11) Ant. decompression (2)
Post. decompression (1)

Ventral spur 2 (7) Ant. decompression
Ant. and Post. 5 (18) Post. decompression (4)

Combined decompression (1)

*Ant=anterior; Post=posterior; OPLL=ossi®ed posterior longitudinal ligament; LF=ligamentum ¯avum

Table 6 Comparison between degenerative and systemic stenosis

Age Duration of CC
(months)

Duration of initial Sx
(months)

Interval btw CC and
initial Sx (months)

Degenerative Stenosis 52.3 26.2 52.0 29.0
Systemic Stenosis 29.7 11.8 45.0 33.3
Total 49.1 24.1 51.0 29.7

*CC=chief complaint; Sx=symptoms; btw=between

Table 7 Statistical signi®cance of prognostic factors

Multi-variant analysis
(P-value)

Age 0.355
Chief complaint 0.255
Duration of chief complaint 0.107
Initial symptom 0.133
Duration of initial symptom 0.003
Preoperative Nurick Grade 0.889
Proximal stenosis 0.001
Stenotic cause 0.728
Stenotic level 0.144
Clinical type 0.512
Su�cient decompression 0.002
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performed ®rst, the results were good. These were
three cases of additional lumbar stenosis and one case
of additional cervical OPLL (Table 3). In case 4,
posterior decompression for cervical OPLL and lower
thoracic OLF were performed simultaneously.

In three cases in which distal decompression was
carried out ®rst, the outcome was poor. One was a
case of whole spine OPLL, in which symptomatic
upper thoracic segments were decompressed poster-
iorly. Postoperatively, symptoms of proximal cord
compression appeared (Table 3, case 6). The remaining
two cases were associated with cervical OPLL (Table
3, case 2) and lumbar stenosis (Table 3, case 8). In
case 8, neurological status was aggravated after initial
lumbar decompression but improved after late thoracic
decompression.

In the group in which causes of stenosis were
su�ciently removed, the results were better than in the
group with residual compression (P=0.002). In 23
cases, operations were done for the entire removal of
stenotic causes, but posterior decompression was
carried out in one case of OPLL and four of
circumferential stenosis (Table 5).

Discussion

Clinical manifestations
Symptomatic thoracic spinal stenosis is often asso-
ciated with skeletal involvement of systemic endocrine
disease. Degenerative spinal stenosis at the thoracic
level, however, is found increasingly in patients who
undergo MR imaging. The most frequent initial
symptom was a tingling sensation, and the most
frequent chief complaint was paraparesis, which was
usually spastic. The number of cases with rapid
progression was higher in the ventral lesion group
than in posterior lesion only group, with statistical
signi®cance (P=0.032). Sphincter change was present
in half of all cases, and more frequently in the rapid
course group than in the insidious course group, but
there was no signi®cant di�erence between the rapid
course group and insidious course group (P=0.653).
This was not in¯uenced by accompanied disc protru-
sions. Those with thoracic stenosis rather than disk
herniations are known to present with more chronic
course and rare sphinchteric de®cits,1,8 a ®nding
consistent with that of the authors, though the
number of cases with sphincter change was somewhat
higher in our data.

The authors observed two di�erent clinical types:
typical myelopathy, and mixed type myelopathy with
radiculopathy. It is reported that when the T9-T10
level or higher is involved, the manifestations are
typical myelopathy, mixed type with common sphinc-
ter dysfunction is seen in cases below the T10 level.6

However, such relationship between stenotic level and
symptom manifestation was not evident in our data.
Most patients (86%) showed typical myelopathy, while
a small portion (14%) manifested mixed type. Mixed

type with myelopathy and radiculopathy consists of
lower motor neuron type weakness, a normal degree of
deep tendon re¯ex, and radicular distribution of pain
or sensory symptom. Severe motor but less sensory
de®cit can be explained by the fact that vascular
supply to anterior gray matter, consisting of perfora-
tors from both anterior and lateral arteries in the
watershed zone, was more tenuous than that to
posterior sensory columns.8

The segments most frequently involved in thoracic
stenosis were lower thoracic (T9 ±T12), in which there
is great mobility and vulnerability to ¯exion, exten-
sion, and rotation.9,10 Both the frequency and severity
of ossi®cation of ligamentum ¯avum increase as the
thoracolumbar junction is approached; this is because
the lower thoracic spine undergoes local mechanical
stress from tensile force due to frequent motion.11

Cases in which there was signi®cant stenosis in
other segments are summarized in Table 3. Six cases of
con®rmed additional stenosis was found at the time of
thoracic decompression; in case 8 lumbar decompres-
sion preceded thoracic decompression, while in case 3,
cervical stenosis developed long after thoracic decom-
pression.

Hyperostosis was seen in 20 cases (71%), and in
two, there was associated di�use idiopathic skeletal
hyperostosis (DISH). This is a skeletal disease
characterized by ossi®cation of the anterolateral
aspect of vertebral bodies, without disc degeneration
or facet joint ankylosis, and often combined with
ossi®cation of the ligamentum ¯avum and OPLL.12

Radiological ®ndings
Diagnostic methods comprised MMCT and MRI.
MMCT de®ned the contour of ossi®cation most
precisely, and also demonstrated the presence of
ossi®cation of the dura mater in OLF and OPLL.13

There are, however, three main disadvantages of CT.
First, at the upper thoracic level, artifacts occurred due
to the scapula or shoulder joint. Second, CT of the
entire spine is impractical, and the level of scanning
must therefore be previously decided on the basis of
other neurological information. Third, the information
provided by sagittal reconstruction was inferior to that
obtained by MRI,13 which is now widely accepted as
the procedure of choice in suspected thoracic myelo-
pathy. A relative disadvantage of MRI compared to
CT is that cortical bone shows low signal intensity on
MR images.14 MRI, however, more accurately predicts
the signi®cance of spinal canal compromise by de®ning
the spinal cord separately from the thecal sac.
Moreover, sagittal MR images better de®ne the extent
of cephalocaudal involvement, which is an important
surgical consideration. MRI is the imaging modality
which best di�erentiates calci®cation and ossi®cation of
posterior elements,14 and it can identify ventral
pathologic lesions more accurately than CT. MRI has
been more frequently used and is more useful in the
authors' experience.
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Figure 1 A 55 year-old man presented with progressing paraparesis and tingling sense of his legs. T2-weighted sagittal (A),
axial (B) magnetic resonance (MR) image and computed tomography (C) showed thoracic stenosis due to ossi®cation of
ligamentum ¯avum in T9 ± 10 level. Decompression through posterior approach was done. Follow-up MR images after 12
months after operation demonstrate restoration of cerebrospinal ¯uid space on T2-weighted sagittal (D) and T1-weighted axial
(E) image. His neurological problem gradually improved during the follow-up period
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In our series, the most frequent pathologic lesion
was OLF. This develops as part of the aging process;
the radiologically based prevalence rates of thoracic
OLF were found to be 6.2% in males and 4.8% in
females.15 The condition occurs mainly in interverteb-
ral segments at lower thoracic levels, protruding
inferiorly from inferior facets into projections of
intervertebral foramina. It shows low signal intensity
on T2-weighted image and marrow signal within the
central aspect of the calci®c mass on T1-weighted
image.13,16 Thickening or ossi®cation of the ligamen-
tum ¯avum is often associated with facet joint
hypertrophy. The orientation of facet joint in thoracic
spine is in the coronal plane, so hypertrophy of the
superior articular process can compress posterolateral
spinal cord and which assumes trefoil appearance. It is
important to appreciate that facet hypertrophy is
clearly visualized paramedially, and that true-sagittal
MR images may be misleading.2

OPLL is a rare cause of thoracic myelopathy; in our
series it involved six female patients. A Japanese study,
based on a ®xed population sample, revealed that the
prevalence of thoracic OPLL was 0.6%, and that
patients were nearly always asymptomatic.17 In OPLL,
proton density MR imaging demonstrated ossi®ed
lesions with high sensitivity.18 High signal intensity
seen on T1 weighted images within ossi®ed lesions
indicates the presence of fatty marrow and corre-
sponds with a radiolucent area within the ossi®ed
lesions seen on conventional tomograms.18

Degenerative stenosis is often said to be associated
with disc degeneration, especially stenosis due to
ligamentum ¯avum ossi®cation.19 Disc protrusion was
detected at the stenotic segments in 50% of
degenerative stenosis in the authors' cases and disc
degeneration was found in about 82%. Marginal
osteophyte formation and ossi®cation of the ligamen-
tum ¯avum is known to develop at the same level as
the a�ected disc in more than 80% of patients with
herniated disc at the thoracic level.19 This indicates
the importance of mechanical factor in the patho-
genesis of thoracic stenosis.

Surgery
The choice of surgical approach depends on the site of
the compressive lesion, its level and the patients'
neurological status. A decision regarding the extent of
decompression depended on the maximally compressed
segments in anterior decompression, and is focused on
how long decompression was necessary to include
entire stenotic segments in posterior decompression.

In thoracic myelopathy, a ventral lesion has been
treated by posterior decompression, but in a patient
with a large anterior lesion, or one in the middle or
lower thoracic spine, posterior decompression should
be avoided; because of the physiologic kyphosis of the
thoracic spine, the e�ect of posterior decompression
is uncertain.20 Anterior decompression is more suitable
than posterior; it permits adequate anterior spinal cord

decompression and good thoracic spinal stability by
means of bone graft.21 Anterior decompression can be
achieved by one of three approaches, posterior
(transpedicular), lateral (costotransversectomy), or
anterolateral (transthoracic).22 Although requiring
thoracotomy, the transthoracic approach provides
extensive exposure of the thoracic vertebral bodies
between T4 and the thoracolumbar junction and as
well as the direct access required for anterior
pathologic investigation. It can, moreover, more
e�ectively deal with di�use lesions involving more
than three consecutive levels, and provide optimal
exposure of midline lesions, thus enabling the repair of
dural tears.22 Both posterior and anterior decompres-
sion appeared e�ective for the treatment of upper
thoracic ventral pathology, though for OPLL of the
mid or lower thoracic level, anterior decompression is
thought to be the best approach.23 This is consistent
with the author's experience.

Posterior decompression was carried out in cases
involving OLF or facet joint hypertrophy. Thickening
or ossi®cation of the ligamentum ¯avum (LF), which
is composed mainly of elastic connective tissue ®ber
in a longitudinal array24 is one of the major causes of
spinal stenosis. Thickening is produced by increased
amounts of ®brous tissue within the ligaments
and mucoid swelling and hyalinization of inter-
elastic ®brous connective tissue.24,25 In addition, LF
thickening is also thought to be caused by the
buckling of ligaments secondary to degenerative facet
joint changes and spondylosis.24 Ossi®cation of the
LF developed along the super®cial layer of thickened
LF, arising from both sites in the capsular and
interlaminar portions.11 Asymmetric cord compression
by posterior elements was therefore common, occur-
ring in about 50% of the cases in this series.
Histological study revealed the presence of numerous
®brocartilaginous cells in the increased and swollen
collagen ®bers, indicating that developmental mode in
the OLF is mainly endochondral ossi®cation.11

Surgical outcome
After thoracic cord decompression, symptomatic
improvement was seen in all but six cases. To
investigate the prognostic factors in¯uencing surgical
outcome, many factors were analyzed.

Patients in whom the duration of initial symptoms
was less than 2 years showed a better postoperative
outcome than those whose initial symptom had lasted
for more than 2 years (P=0.003). Thirteen cases
showed improved functional outcome in 16 cases of
which initial symptom duration was less than 2 years.
However, only three cases improved functionally in
the group in which initial symptom duration was over
2 years, four aggravated, and ®ve cases of no change.

The presence of additional proximal stenosis was
inversely related to surgical outcome (P=0.001). To
explain neurological deterioration after distal decom-
pression with proximal compression, several mechan-
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isms have been proposed. The caudal movement of
CSF into the expanded distal thecal sac might decrease
CSF bu�er space between the stenotic cause and the
spinal cord, thereby allowing cord compression.26 It
has also been postulated that the displacement of CSF
below the proximal stenotic lesion could reduce
intrathecal pressure, allowing epidural venous engorge-
ment. This would then compromise venous drainage
resulting in cord swelling and additional cord
compression.26

In the group in which stenosis were su�ciently
decompressed, the results were better than in the
group with residual compression (P=0.002). The
causes of postoperative neurological deterioration in
two cases of midthoracic ossi®ed ligamentum ¯avum
might be residual compression caused by the proximal
end of decompressed segments and spinal cord injury
during laminectomy. In one case, spinal cord
strangulation by a proximal laminectomy margin was
proved during reoperation; in the other case immedi-
ate postoperative MR showed a high signal in the
intramedullary region of segments which had under-
gone surgery; this lesion was located on the left side
which corresponds to the preoperative compression
site.

Conclusion

Chronic myelopathy with thoracic spinal stenosis could
be relieved by appropriate surgical decompression. In
cases where thoracic decompression was done with
proximal stenosis, the results tended to be poor, even if
there had been preoperatively no sign of proximal cord
compression. When surgeons encounter cases of
thoracic stenosis, evaluation of the cervical region,
therefore, appears necessary. In addition, in cases of
circumferential stenosis, su�cient decompression for all
causes of stenosis is recommended.
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