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Abstract
Introduction Decompressive surgery for thoracic myelopathy due to anterior pathology can be challenging. Direct
decompression through anterior approaches is associated with approach-related complications, whereas anterior decom-
pression through posterior approaches is technically demanding and may result in neurological deterioration. We present a
simple and effective surgical technique of indirect decompression through lordotic rod contouring to reduce such
complications.
Case presentation Patients who presented to our center between March 2016 and March 2017 with symptoms and signs
suggestive of thoracic myelopathy predominantly due to anterior pathologies such as ossification of the thoracic posterior
longitudinal ligament, posterior bony spur, and thoracic disc herniation were evaluated in our study. The indications for
surgical treatment were progressive neurological impairment and severe myelopathy (grade III or more on Nurick grade).
Only those patients classified as grade III and above on American Society of Anaesthesiologists (ASA) physical status scale
were included in the study. All the cases were operated by a single surgeon by a posterior-only approach. We have used this
technique in four patients with thoracic myelopathy due to combined or predominant anterior pathology. Postoperative
imaging confirmed adequate decompression of the spinal cord. All the cases improved substantially in terms of clinical
outcome.
Discussion This surgical technique could be a useful alternative to direct anterior decompression in patients who present
with symptoms of progressive severe myelopathy due to anterior compression and could be the standard of care in those at
high risk for major surgery.

Introduction

Thoracic myelopathy is less common disorder as compared
with cervical myelopathy [1]. Degenerative spine disorders,
including intervertebral disc herniations (IDH), ossification
of the posterior longitudinal ligament(OPLL), posterior
bone spurs, and ossification of ligamentum flavum (OLF)
are among the major causes of thoracic myelopathy [2]. The
natural kyphosis of the thoracic spine causes the spinal cord
to lie directly on the posterior vertebral bodies and the
posterior longitudinal ligaments in this region. Also, the

denticulate ligaments running longitudinally between the
spinal cord and nerve roots limit posterior displacement of
the spinal cord within the canal and make the spinal cord
more sensitive to anterior compression [3].

Surgery is often indicated for thoracic myelopathy. The
approach is usually dictated by the location and type of
pathology [4]. Posteriorly based pathology e.g., OLF and
facet hypertrophy are better dealt by laminectomy and if
required, a medial facetectomy. If the stenosis is lateral or
anterolateral, a laminectomy alone is inadequate and more
aggressive approaches like pediculectomy, costotrans-
versectomy, lateral extracavitary approach, or even ventral
decompression may be necessary. They may increase the
morbidity of the procedure and also the risk of neurological
deterioration [5]. Often, the general condition of the patients
would not allow such major procedures to be undertaken
[5]. The authors present a simple and effective technique of
indirect decompression using a rod contouring technique
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along with laminectomy for addressing anterior pathology
like OPLL or IDH in thoracic stenosis. This technique could
be particularly useful when the patient cannot tolerate a
major procedure.

Case presentation

Patients who presented to our center between March 2016
and March 2017 with symptoms and signs suggestive of
thoracic myelopathy predominantly due to anterior pathol-
ogies such as ossification of the thoracic posterior long-
itudinal ligament, posterior bony spur, and thoracic disc
herniation were included in our study. The indications for
surgical treatment were progressive neurological impair-
ment and severe myelopathy (grade III or more on Nurick
grade). Patients classified as grade III and above on
American Society of Anaesthesiologists physical status
scale were considered candidates for this procedure. The
patients underwent a thorough preoperative workup and
written informed consent was taken detailing the possibility
of a second procedure at a later date, in case the recovery
would not be as expected. All the cases were operated by a
single surgeon by a posterior-only approach.

Illustrative cases

Case 1

History

A 70-year-old man was referred to our hospital with a
6 month history of gait imbalance. The symptoms had
rapidly progressed in the last 3 months. There was no

history of trauma and there were no constitutional symp-
toms. His medical history included chronic renal failure
requiring dialysis, chronic obstructive pulmonary disease,
diabetes, and hypertension.

Examination

On examination, the patient was wheelchair bound (Nurick
grade V). The muscle strength was decreased in both lower
limbs [lower extremity motor score of 23 out of 50 as per
International Standards for Neurological Classification of
Spinal Cord Injury (ISNCSCI)]. There was decreased sen-
sation below T5 (sensory grading 1 to pinprick as well as
light touch as per ISNCSCI). The neurological level was
T5. The reflexes were exaggerated in both lower limbs
(grade 3+ knee and ankle reflexes) and there was an
extensor plantar response. MRI of the thoracic spine with
whole spine screening and CT scan of the thoracic spine
suggested thoracic stenosis with OPLL (Fig. 1). Decom-
pressive surgery by a posterior approach was planned.

Surgical details

The patient was positioned prone with appropriate padding
of all bony prominences and ensuring that the spine was
aligned with the hips extended. A midline approach was
used with subperiosteal dissection of the affected region.
After confirming levels with intraoperative imaging, the
spinous processes and interspinous ligament were removed
with a rongeur. Pedicle screw entry points were identified
and a pilot hole was made using a 3 mm burr. A Lenke
probe used to create a track and accuracy was checked with
a sound. Subsequently, 5.5 mm size pedicle screws were
placed from T1 to T5 under fluoroscopic guidance. A high-
speed burr was used to create bilateral troughs at the lamina-

Fig. 1 Axial cut at T3 level on CT scan (a), midsagittal cut on CT scan
(b), as well as T2 weighted sagittal MRI scan (c) images of the
thoracic spine of a 70-year-old male patient (case 1) showing

ossification of the thoracic posterior longitudinal ligament behind T2
to T4 levels with anterior compression of the cord and associated
signal intensity changes at the same level
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facet junction and remove the laminae en bloc. Kerrison
Rongeurs were used to widen the laminectomy and a partial
facet resection was performed. A microsurgical technique
was used to separate the ligamentum flavum from the dura.
The rods were prebent based on the preoperative calculation
of segmental kyphosis on imaging to achieve a lordotic
effect at the instrumented level. A rod pusher and a rocker
blocker were used to sequentially push the rod into each
screw. The appropriate placement was checked with
fluoroscopy. Posterolateral fusion was performed using
bone chips of the resected laminae and spinous processes.
The neurological status of the patient was monitored by
motor evoked potentials after each screw placement, during
laminectomy, as well as ligamentum flavum removal and
during rod placement. Finally, the wound was closed over a
negative suction drain after adequate hemostasis.

Postoperative course

The immediate postoperative period assessment revealed no
deterioration in neurological status. Postoperative X-rays

showed appropriately placed screws and adequate fixation
of the implant with relative segmental lordosis at the index
level (Fig. 2). Postoperative MRI showed adequate relative
lordosis of the involved segment and CSF column anteriorly
suggesting adequate decompression (Fig. 2).On follow up
assessment at 6 months postoperatively, he had an
improved Nurick score and was able to walk with slight
difficulty (Nurick II). The patient was doing well at 2-year
follow up.

Case 2
A 68-year-old woman presented to our center with

complaints of progressive difficulty in walking for
3 months. Past medical history was significant for diabetes,
hypertension, rheumatoid arthritis with interstitial lung
disease, and postpolio residual paralysis of the left lower
limb. There was recent onset weakness (lower extremity
motor score of 32 out of 50 as per ISNCSCI) and hypoal-
gesia in the lower extremities (sensory grade 1 to pinprick
and light touch as per ISNCSCI from T10 downwards). The
neurological level was T9. The symptoms and signs sug-
gested thoracic myelopathy with Nurick grade III.CT scan

Fig. 2 Preoperative (a) and postoperative (b) T2 weighted MRI images
of the patient (case 1) showing adequate fall back of the cord. CSF
column could be appreciated in front of the involved spinal cord. The
segmental kyphosis at the level of instrumentation (T1 to T5) decreased
from 14.60 preoperatively to 6.20 postoperatively. Preoperative (c) and

postoperative (d) X-ray images of the patient (case 1) showing that the
segmental kyphosis between T2 to T5 decreased from 130 pre-
operatively to 6.30 postoperatively (we chose T2 level as the superior
endplate of T1 vertebra could not be appreciated well on lateral pre and
postoperative X-ray images)
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and MRI scan revealed a multilevel intervertebral disc
prolapse at T8-T9/T9-T10 and T10-T11 level with signal
intensity changes at T9-T10 and T10-T11 levels (Fig. 3).
The surgery was performed by the same procedure as
described above with fixation from T8 to T11 levels
(Fig. 3). The postoperative X-ray and MRI images showed
adequate relative lordosis and decompression of the thoracic
spinal cord (Fig. 4). Both muscle strength and sensation of
the lower extremities returned to near normal. She was able
to walk without support at 3 months follow up (Nurick
grade I). She was doing well at 2 years follow up.

Cases 3 and 4 are described in Figs. 5, 6.

Results

We used this technique in four patients who had thoracic
myelopathy due to predominant anterior pathology in the
thoracic spine. No major intraoperative or postoperative
surgical complications were encountered in any patient. All

the patients had an improvement in Nurick grade on follow-
up assessments and none of them required a second
procedure.

Discussion

Conservative management is usually ineffective for thor-
acic myelopathy. Hence, surgical treatment is necessary.
The physiological kyphotic alignment of the thoracic
spine places the spinal cord at more risk of anterior
compression and posterior decompression by lami-
nectomy alone and may not adequately relieve the anterior
pressure on the spinal cord [6]. However, the relative
avascularity and the less space available to the thoracic
spinal cord results in poor results of attempted direct
decompression by surgical removal of the anterior
pathology. Anterior decompression via an anterior
approach is technically challenging and patients with
preexisting severe systemic cardiopulmonary diseases

Fig. 3 a Midsagittal cut on CT scan of the thoracic spine of a 68-year-
old woman (case 2) showing degenerative changes in the thoracic
spine, kyphotic alignment of the thoracic spine, and mobile inter-
vertebral disc spaces in the thoracic spine. b Sagittal T2 weighted MRI
of the thoracic spine of a 68-year-old woman (case 2) showing mul-
tilevel intervertebral disc prolapse (T8-T9/T9-T10 and T10-T11 levels)

with signal intensity changes at T9-T10 and T10-T11 levels suggesting
thoracic myelopathy. c Intraoperative C-arm image of the thoracic
spine of the patient (case 2) showing lordotic rod fixation. d Intrao-
perative clinical image of the patient (case 2) showing decompressed
thoracic cord using the microsurgical technique and instrumentation at
the same level
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may not tolerate the procedures well [7]. Otsuka et al.
reported anterior decompression through a posterior
approach but it carries a high risk of neurological dete-
rioration (33 % of their cases) [8]. Tomita et al. described
a circumspinal decompression technique using a staged
anterior and posterior approach [9]. Tsuzuki et al.
described an extensive cervicothoracic laminoplasty
decompression for OPLL but reported unsatisfactory
outcome with residual impingement [10]. They proposed
a staged spinal cord decompression through a posterior
approach but the preliminary results did not guarantee a
satisfactory outcome [6]. Yamazaki et al. reported tran-
sient paraparesis after laminectomy for thoracic myelo-
pathy due to OPLL [11]. They reported a considerable
degree of neurological recovery by posterior decompres-
sion and instrumented fusion despite persistent impinge-
ment of the anterior OPLL [12]. Matsuyama et al. reported
good outcomes of surgery by expansive laminoplasty
combined with instrumentation in OPLL, regardless of the

type of ossification [13]. They proposed consideration of
an additional anterior decompression after 6 months if the
improvement is not satisfactory [14]. Kawahara et al.
proposed a posterior decompression and fusion as the first
step followed by an MRI at 3 weeks after surgery and
additional decompressive fusion if decompression was
insufficient on MRI [15].

Cord drift back is a described phenomenon after pos-
terior surgery for cervical myelopathy. We assume that
decompression along with relative lordosis achieved with
instrumentation resulted in the cord drift back and clinical
improvement in our cases. The amount of relative lordosis
achieved was not more than ten degrees in any of our cases.
The patients could still improve substantially in terms of
clinical outcome. We also assume that the less preoperative
kyphosis (none greater than 150) may also have contributed
to our clinical results. The upper thoracic spine (or cervi-
cothoracic junction) and lower thoracic spine (or thor-
acolumbar junction) with relatively less kyphosis may

Fig. 4 Preoperative (a) and postoperative (b) T2 weighted MRI images
of the patient (case 2) showing the decompressed spinal cord. The
segmental kyphosis at the level of instrumentation (T8 to T11)
decreased from 12.60 preoperatively to 3.30 postoperatively.

Preoperative (c) and postoperative (d) X-ray images of the patient
(case 2) showing that the segmental kyphosis between T8 to T11
decreased from 12.80 preoperatively to 3.60 postoperatively
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particularly benefit with this technique. In our study, one
patient had instrumentation in the upper thoracic spine and
the other three at the lower thoracic spine.

The technique of indirect decompression by lami-
nectomy and posterior instrumentation with lordotic rods
has the advantages of less surgical stress, less approach
related complications, less handling of cord with fewer
chances of neurological deterioration, reduction of the
dynamic component of myelopathy if any, and removal of
associated posterior pathology, if present.

The main disadvantage of the technique is that there is
no confirmatory evidence of adequate decompression dur-
ing surgery. Intraoperative C-arm images may guide us on
the extent of relative lordosis achieved. The use of
intraoperative ultrasound to assess the extent of decom-
pression has been described but we do not have any
experience with it. The second disadvantage is the chance
of neurological deterioration, though less likely than other
procedures. Though we did not encounter any case of

neurological deterioration, neuromonitoring is recom-
mended to avoid neurological complications during lami-
nectomy and application of lordotic rods. Also, the use of
temporary rods during decompression is advised to prevent
neurological deterioration. The third disadvantage is the
need for an additional anterior procedure if the recovery is
not as expected. We found good improvement in all our
cases on the last follow up and none of them required
additional surgery for neurological recovery.

In conclusion, indirect decompression through lordotic
rod contouring may be a useful alternative to direct anterior
decompression in patients who present with symptoms of
progressive severe myelopathy due to anterior cord com-
pression. Ultimately, after further study, we believe it may
be the standard of care in those at high risk for major sur-
gery. Moreover, long term high quality studies with ade-
quate sample size may establish the procedure as a standard
of care in all patients with thoracic myelopathy due to
anterior cord compression.

Fig. 5 Intraoperative C-arm images (a, b) of a 71-year-old female
(case 3) with ASA-grade III with symptoms and signs of thoracic
myelopathy showing the segmental relative lordosis achieved at the
instrumented level after application of prebent rods. the relative
position of the base of the screw heads (marked with blue arrows) can
guide the intraoperative assessment of relative lordosis at the

instrumented level. Preoperative (c) and postoperative (d) sagittal MRI
images show achievement of 10 0 of relative lordosis at the instru-
mented level (T11-T12). Adequate decompression with continuous
anterior CSF column could be appreciated in the postoperative images
as compared preoperatively
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