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Abstract: There has been a large series in the literature reporting on results of osteotomy for the correction of
kyphotic deformity secondary to post-traumatic thoracolumbar fracture. However, there are few reports on using
intraoperative, full rotation, three dimensional image (O-arm)-based navigation, transpedicular wedge osteotomy
for the correction of kyphotic deformity in old thoracolumbar fracture. A 45-year-old woman with L1 old fracture,
presented to us with a Cobb angle of 45 degrees. The preoperative standard anteroposterior, lateral views and
computed tomography (CT) reconstructions revealed kyphotic deformity. After attaching the reference arc of the
3D-imaging system, the thoracolumbar spine was screened using an O-arm without anatomical registration. The lo-
cation, angle and depth of osteotomy, as well as screw fixation were performed using a guide tube while referring to
the reconstructed 3D-anatomical views. The surgery was successful without nervous and vascular injuries. Using in-
traoperative, full rotation, three dimensional image (0O-arm)-based navigation, the transpedicular wedge osteotomy
is a safe and effective treatment for kyphosis after the thoracolumbar fracture, which can insert the pedicular screw
accurately, trace the real-time wedge osteotomy and reduce the loss of correction of kyphotic deformity.
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Introduction

The post-traumatic thoracolumbar fracture can
lead to spinal kyphotic deformity in the late
stages. Because of the overall loss of sagittal
balance, patients suffer from back pain and
cosmetic which could interfere with personal
hygiene and daily physical life. Recently, pedi-
cle subtraction technique has gained populari-
ty because they achieve a reliable one-stage
correction [1, 2]. However, this approach is pos-
tulated as technically demanding and is per-
formed within the vertebral column. Some
authors also complain about the difficulty in
obtaining the accurate location, angle and
depth of osteotomy. Moreover, pedicle screw
fixation of thoracic spine remains challenging
because of the associate risk to neurovascular
structures. It may cause the loss of correction

of kyphotic deformity. In order to reduce the
potential complications, Three-dimensional
(3D) image-based navigation may be advanta-
geous because it can insert the pedicular screw
accurately, trace the real-time wedge osteoto-
my. In this article, we present a case of osteoto-
my for the correction of kyphotic deformity sec-
ondary to post-traumatic thoracolumbar frac-
ture using intraoperative, full rotation, 3D image
(O-arm)-based navigation.

Case report

A 45-year-old woman with kyphotic deformity
was presented to our hospital with thoracolum-
bar back pain after a minor fall. Twenty-five
years ago, the patient fell down accidentally
when she was working. Initial plain radiographs
were not made and there were no special treat-
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Figure 1. The pre-operative anteroposterior (A) and lateral (B) radiographs showed thoracolumbar kyphosis with a
45°Cobb’s angle. Pre-operative computed tomography (CT) scan reconstructions (C) showed L1 old fracture and
kyphotic deformity of L1 vertebrae. Pre-operative sagittal T2-weighted magnetic resonance image (D) revealed the
absence of spinal cord compression.

ment for her. She developed progressive thora-
columbar back pain gradually. The standard
anteroposterior, lateral views and computed
tomography (CT) reconstructions showed a
classical appearance of kyphosis with a com-
pression fracture of L1. The corresponding
Cobb angle of the kyphotic deformity was about
45 degrees (Figure 1B). Magnetic resonance
imaging revealed the absence of spinal cord
compression (Figure 1D). The lesion was recog-
nized as kyphosis with L1 old fracture and we
tried to perform transpedicular wedge osteoto-
my for her with intraoperative, full rotation,
three dimensional image (O-arm)-based navi-
gation.

Surgical technique

Fiberoptic intubation preceded the induction of
general anesthesia. The patient was placed
prone on a Jackson radiolucent table and ster-
ilely prepped and draped. The spine was
approached by a posterior midline exposure
with dissection laterally to the transverse pro-
cess. The reference arc was placed on the spi-
nous process. The O-arm was used to obtain an
intraoperative CT scan, which was automati-
cally registered to the image guidance system.
The image-guided probe was used to ascertain
the trajectory of pedicle screw, location and
angle of osteotomy (Figure 2A). With the image-
guided, transpedicular screws were inserted in
the T11, T12, L2 and L3 to ensure stability and
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consolidation. The L1 vertebral spinal process
and its adjacent supraspinal and interspinal
ligaments with the connected transverse pro-
cesses were resected. The vertebral plates and
the nerve roots from the segment above and
below the disk were exposed and fully decom-
pressed to prevent the spinal cord or nerve
roots from compression when osteotomy sur-
face was closed. Under image guidance with
the navigated instruments, all the lamina was
resected and the pedicle was excised with a
rongeur and an a V-shaped cut was performed
from the lateral cortex to the midline including
all the base of the pedicle, and ending just pos-
teriorly to the anterior cortex of the vertebral
body. The pre-bending rod was to correct defor-
mity and fixed the spine under inspects the
osteotomy site and neural elements. The bone
from the osteotomy was used as a graft placing
it posterior-laterally next to the osteotomy site.
The final correction of deformity and position of
the screws were confirmed by an image intensi-
fier in lateral and anteroposterior view. Routine
closure was carried out and drains were left in
place as needed for 24-48 hours. The patient
was asked to sit up three days later and walked
with orthosis after ten days.

Discussion
Spinal trauma may lead to an increased kyphot-

ic deformity, which could make patients have
difficult in sitting, standing, or lying. With pro-
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Figure 2. The image-guided three-dimensional image (A) ascertained the trajectory of pedicle screw, assessment site and magnitude of osteotomy. Post-operative
anteroposterior (B) and lateral (C) radiographs showed a 15° Cobb’s angle. The lateral radiographs (D) of 6-month follow-up showed no loss of correction.
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gression of the deformities, the indication for
surgery may be considered absolute [3, 4]. The
surgery for this kind of patients is to improve
the appearance, retrieve horizontal visual field,
rebuild sagittal balance and relieve back pain
[5, 6]. Several operative techniques may be
used to correct the kyphosis. Transpedicular
wedge osteotomy for correction of kyphosis
caused by post-traumatic thoracolumbar frac-
ture is one of the commonly used surgical tech-
niques. It corrects the deformity by shortening
the posterior column. Thus correction may be
achieved regardless of disc status and curve
rigidity. In addition, it can be performed even if
there are bridging syndesmophytes. However,
Free hand or conventional fluoroscopy-based
osteotomy is associated with several disadvan-
tages. First, it is difficult to obtain the accurate
location, angle and depth of osteotomy,
because transpedicular wedge osteotomy is
performed in the pedicle with a high-speed
drill. The second concern to the extent of oste-
otomy is sometimes judged insufficient, which
may cause the loss of correction of kyphotic
deformity. In addition, the relatively narrow tho-
racic spinal canal renders the midthoracic spi-
nal cord more vulnerable to perioperative inju-
ry. Therefore, we try to perform transpedicular
wedge osteotomy with using intraoperative, full
rotation, three dimensional image (O-arm)-
based navigation. To our knowledge, there no
reports describing a transpedicular wedge
osteotomy with 3D image guidance.

The O-arm Surgical Imaging System provides
high-definition 3D, multiplane fluoroscopic
images that can be automatically registered to
a stealth neuronavigation station in a time-effi-
cient process. Real-time feedback of the oste-
otomy in the axial, sagittal, and coronal planes
can be achieved by intraoperative 3D naviga-
tion. It has been shown to result in accurate
intraoperative assessment site and magnitude
of osteotomy, which is effective in estimating
how much correction is necessary to result in a
balanced upright position. Besides, it has a low
rate of secondary loss of correction probably
due to the nature of the osteotomy where the
two cancellous surfaces interact with a rapid
healing. Furthermore, the width of the pedicle
and depth of the screw tract could be mea-
sured using the navigation system to allow
screw diameter and length to be custom fit to
each pedicle [7, 8]. Customizing the screw size
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optimizes the fixation and reduces the risk of
nervous and vascular injuries [7-10]. The
patient in our study regained satisfactory func-
tional outcome with no neurovascular injury.
The postoperative standard lateral view showed
the Cobb angle of 15 degrees (Figure 2C) and
she obtained excellent fusion and good stability
without loss of correction at the final follow up.

In conclusion, using intraoperative, full rota-
tion, three dimensional image (0-arm)-based
navigation, the transpedicular wedge osteoto-
my is a safe and effective treatment for kypho-
sis after the thoracolumbar fracture, which can
insert the pedicular screw accurately, trace the
real-time wedge osteotomy and reduce the loss
of correction of kyphotic deformity.
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