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Abstract

Purpose: There are few reports about minimally invasive decompression and fixation for patients with thoracolum-
bar fracture and neurological symptoms. The previously reported method requires complete laminectomy, and
removal of the medial part of the pedicle to expose the spinal canal for reduction. Thus, some approach-related
damage to the bony structure and soft tissue still occurs. This study was performed to describe a modified minimally
invasive tube technique for decompression and reduction of thoracolumbar fracture with neurological symptom:s.
This modified technique preserves most of the posterior structures of the spine as well as the muscle.

Methods: Percutaneous pedicle screws were placed on the vertebrae superior and inferior to the fracture and at the
fracture segment on the side with less severe symptoms. After retraction, the tube for decompression was placed on

the facet joint where the decompression was needed. Under microscopic vision, part of the lamina and ligamentum

flavum were removed to expose the spinal canal, and an L-shaped probe was used to reduce the bone fragment.

Results: The modified method was successfully used in eight patients. Complete decompression was achieved and
the bone fragment was safely reduced through the tube under microscopy in all cases. Fluoroscopy confirmed that
the positioning of the percutaneous pedicle screw was good and the bone fragment was reduced. The neurological
status was improved in all patients at last follow up.

Conclusion: The modified method of minimally invasive decompression and fusion is effective in treating thora-
columbar fractures with neurological symptoms and preserves most of the ligaments and bone structure.

Keywords: Thoracolumbar fracture, Neurological deficits, Percutaneous pedicle screw, Decompression under tube,
Microscope

Introduction

Surgery is the appropriate intervention for patients
with thoracolumbar fracture with neurological symp-
toms[1-3]. The traditional open posterior approach is
effective for such patients and is reportedly more effec-
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to reduce the approach-related complications of spine
surgery[6—8]; they have also been used for fixation and
decompression in the treatment of patients with degen-
erative disease with neurological symptoms. Thus, the
minimally invasive approach may also be suitable for
thoracolumbar fracture with neurological symptoms.

Minimally invasive posterior decompression combined
with percutaneous pedicle screw fixation was recently
reported for the treatment of thoracolumbar fractures
with neurological deficits[9]. This operation has out-
comes similar to those of open reduction and fixation,
with the advantages of less blood loss, less soft tissue
damage, and faster recovery. However, this minimally
invasive surgery still requires a 4-cm-long midline inci-
sion, complete laminectomy, and removal of the medial
part of the pedicle to expose the spinal canal for reduc-
tion. Thus, there is still some approach-related damage to
the bony structure and soft tissue.

The present report describes a modified minimally
invasive way to complete decompression and reduction
with less damage to the bony structure. In this proposed
method, the retractor tube is placed on the facet joint on
the side with more severe symptoms at the segment that
needs to be decompressed.

Methods

A modified method was applied in the treatment of
thoracolumbar fracture with neurological symptoms.
A radiographic examination (Fig. 1) and computed
tomography scan of the fracture region were performed

Page 2 of 7

preoperatively. The projections of the pedicles were
determined and marked on the skin before the start of
the operation. Percutaneous pedicle screws (Fule Co.
Beijing) were placed on the vertebrae superior and infe-
rior to the fracture as well as at the fracture segment on
the side with less severe symptoms. Rods were placed
on both sides, and retraction was performed to reduce
the fracture. The rod on the decompression side was
then removed, and a 2.4-cm incision was made through
the projection at the fracture segment. The incision was
dilated by canals, and a tube (Medtronic. Inc) of the
appropriate length was placed on the facet joint (Fig. 2).
The microscope was adjusted and used to perform
the decompression through the tube. The facet joint,
lamina, and ligaments were carefully identified under
microscopic vision. Part of the lamina and ligamentum
flavum were then removed to expose the spinal canal.
The facet joint was very carefully preserved. When
the dura could be seen, an L-shaped probe was placed
along the inner wall of the pedicle into the anterior part
of the spinal canal (Fig. 3). The probe was used to detect
the bone fragment and push it back into the vertebra.
When necessary, a hammer was used to carefully tap
the tail of the L-shaped probe to push the bone frag-
ment back. The position of the bone fragment was then
checked by fluoroscopy, and the reduction procedure
was repeated if necessary. The rod was then replaced
and fixed under distraction. The rest of the operation
was performed in the same manner as the conventional
technique.
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fragment had herniated into the spinal canal (B)

Fig. 1 Radiograph of a 30-year-old patient who sustained a T11 burst fracture after a fall (A). Computed tomography showed that a large bone
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Fig. 2 After placement of percutaneous pedicle screws at the
pedicles and reduction by retraction on the screws, the rod on the
decompression side was removed and a tube was placed on the
facet joint

Results
From 2017 to 2020, the modified technique was used to
treat eight consecutive patients (3 males and 5 females),
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aged of 47(31-58) years, with thoracolumbar frac-
ture with neurological symptoms and a bone fragment
that had invaded the spinal canal and needed to be
reduced(Table 1). The bone fragment was safely reduced
through the tube under microscopic vision (Figs. 4, 5).
The average operation time was 105 min (range, 85-130)
min. All patients were able to get out of bed and sit on
a wheelchair on the second day postoperatively. Two of
them were able to walk with a brace. The lamina, facet
joint, posterior ligament complex, and medial part of the
pedicle were successfully preserved. The patients were
followed up for 6-15 months. The neurological status
was improved in all patients at last follow up. Bone heal-
ing of fracture was confirmed in every patient by X-ray.
There was no deterioration and no patients developed
complications.

Discussion
In this study, a modified minimally invasive decompres-
sion and fixation method was used to treat eight patients
with thoracolumbar fracture with neurological symp-
toms. The bone fragment was well reduced, and the neu-
rological symptoms were improved postoperatively.
Minimally invasive procedures are performed to
reduce the amount of approach-related damage. In the
previously reported minimally invasive method for pos-
terior decompression combined with percutaneous
pedicle screw fixation for thoracolumbar fractures with
neurological deficits, a 4-cm midline incision was made
to place the tube, and the space available for the tube and
the operative procedure was rather small because the
spinous process and ligament were in the middle and the
rods were on the outside. Furthermore, the muscle was

Fig. 3 Image taken by a microscope. A probe (P) was used to reduce the bone fragment through the gap between the dura (D) and the pedicle,
which could be detected along the facet joint (F). The suction tube (S) can also be seen in the picture
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Table 1 Patients'data

ID Fracture level Fixed level TLICS score AO type ASIA pre-OP ASIA post-OP ASIA last-FU
1 L3 L2-4 5 A3 D E E

2 T T10-12 5 A3 @ C D

3 L1 T12-L2 5 A3 D D E

4 L1 T11-L3 7 A3 C C D

5 L1 T12-L2 5 A4 D D E

6 L4 L3-5 5 A3 D D E

7 L1 T12-L2 5 A4 D D E

8 L3 L2-5 7 A4 C C E

Fig. 4 Computed tomography demonstrated that the bone fragment that had herniated into the spinal canal (A) was successfully reduced (B)

AnHuiPFovinciall
SIEN

:13515.5 €
Fig. 5 Postoperative radiograph. The fracture was reduced and the
position of the screw was good

stripped, and the lamina and part of the pedicle had to
be removed to expose the spinal canal. In the herein-
described modified method, the tube that was intended
to conduct the decompression was placed on the facet
joint, a 2.5-cm skin incision was made, and the muscle
was separated rather than cut. Furthermore, only part
of the lamina and ligamentum flavum were removed to
expose the spinal canal, and the posterior structure of
the spine was well preserved. This approach avoids the
spinous process, and nothing hinders the tube. The tube
can then be adjusted in any direction to obtain better
exposure of the spine.

Reduction of the bone fragment responsible for the
neurological symptoms is one of the most important
goals of the operation. The bone fragments in most of the
patients were located at the center or immediately lat-
eral to the center of the spinal canal. The decompression
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approach was performed on the side with the more
severe symptoms and the larger protrusion of the bone
fragment. The bone fragment was partially reduced
by retraction with screws. When the spinal canal was
exposed, a microscope was used to enable more precise
maneuvers and avoid damage to the dura. The L-shaped
probe was placed along the inner wall of the pedicle
into the gap between the wall and the dura. The length
of the head of the L-shaped probe was 15 mm; because
the mean length of the posterior vertebral part of the spi-
nal canal is 26.3 £2.6 mm[10], the L-shaped probe could
reach most of the bone fragment to push it back into the
vertebrae. Because the diameter of the probe was only 1.5
to 2.0 mm, it did not cause further damage to the spinal
cord. Neuromonitoring was suggested for patients with a
bone fragment in the spinal canal at L1 and the thoracic
segment.

In the thoracic spinal canal, wider exposure allowing
for a more convergent path to the bone fragment appears
to safely minimize the force exerted on the cord. The goal
of the proposed method is exposure of the space between
the dural sac and the inner wall of the pedicle. Based on
the thoracic anatomy, some of the lamina and part of the
facet joints were removed to expose the space. The probe
was placed along the inner wall of the pedicle; the probe
diameter was 2 mm, and it therefore just compressed the
fluid in the subarachnoid space around the spinal cord
when placed through the space. In most situations, the
bone fragment was partially reduced by ligamentotaxis.
If the bone fragment could not be reduced, cerebrospi-
nal fluid was still present in the subarachnoid space
between the slope of the bone fragment and the spinal
cord (Fig. 6). The probe was placed on the slope to push
the bone fragment back into the vertebra. The vertebral
was partially reduced by the screws, and it was not dif-
ficult to push the bone fragment back. Throughout the
whole process, the probe only disturbed the subarach-
noid space; the spinal cord remained undisturbed.

The goal of surgery is to restore the stability and
alignment of the spine and provide the possibility of
early mobilization[7, 11, 12]. The proposed technique
described in the present report involves the use of
short-segment percutaneous fixation. The success rate
of short-segment fixation is reportedly similar to that of
long-segment fixation of burst fractures. Short-segment
fixation interferes with fewer spinal segments and pre-
serves more mobility of the spine than long-segment
fusion[13]. Furthermore, the placement of a screw in the
injured vertebra provides more stability in short-segment
fixation[14—16]. Patients with thoracolumbar fracture
may also have multiple comorbidities such as foot frac-
tures, lower limb fractures, or neurological damage. Early
fixation of the spine benefits the recovery of the whole
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Fig. 6 Magnetic resonance image of thoracic fracture. The bone
fragment compressed the spinal cord (D). The subarachnoid space
(S) can be seen between the slope (arrow) of the fragment and the
spinal cord

body, making it easier to manage other injuries. In the
present study, all patients were able to get out of bed and
sit on a wheelchair on the second day postoperatively.
Two of them were able to walk with a brace.

The posterior ligamentous complex[17, 18] is com-
posed of the interspinous ligament, supraspinous liga-
ment, ligamentum flavum, and facet joint capsules. This
is an important structure that contributes to the stability
of the spine by restricting the movement of the posterior
spine column against translation, rotation, flexion, and
distraction[19-21]. This structure is also well known for
its poor ability to heal[2]. Because the tube and screws
are placed through the muscle in the present modified
method, most of the posterior ligamentous complex is
kept intact, and the muscle is protected from extensive
damage. Thus, the posterior stability of the spine is pre-
served as much as possible. The internal fixation device
was removed 15 months after the operation. Because
the segment was not fused in the posterior column, the
flexibility of the segment was preserved as much as pos-
sible. The stability of the posterior column of the spine
was not compromised by the surgery. When the fracture
was healed, the anterior and middle column stability was
reestablished.

The proposed method still has some limitations. Only
small dorsal dural lesion can be repaired through the tube.
It cannot be used when the bone fragment has been dis-
placed too far from its original position. The exposure to
the spinal canal is fairly small, and the probe can only reach
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the posterior part of the vertebra at 1 cm superior or infe-
rior to the pedicle level. If the bone fragment migrates out-
side this area, it is difficult to reduce using the proposed
technique. Additionally, rotated bone fragments are not
suited for this technique. Because most of the lamina and
facet joints are preserved, the spinal canal is not expanded.
In such a narrow space, reduction of the rotated bone frag-
ment may cause disturbance to the spinal cord.

Conclusion

The modified method of minimally invasive decompres-
sion and fusion seems to be effective for the treatment of
thoracolumbar diseases, enabling preservation of most of
the ligaments and bone structure.
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