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Abstract
Background To assess the short-term clinical outcomes of oblique lateral lumbar interbody fusion
(OLIF) combined with multiple level �xation with the guidance of posterior "O" arm CT navigation for
degenerative scoliosis.

Methods A total of 15 patients (3 males and 12 females; average age: 62.2±5.3 years) with degenerative
scoliosis were enrolled in our study. All patients were treated with OLIF combined with posterior "O" arm
CT navigation and long segment (T 10 -L 5 ) internal �xation during Apr. 2016 and Dec. 2017. Collected
perioperative data included surgery time, blood loss, excellent rate of intraoperative pedicle screw.
Coronal Cobb angle, lumbar lordosis (LL), intervertebral space height, sagittal balance (SVA) were
measured by plain radiograph. Accuracy of pedicle screw placement and intervertebral fusion was
investigated with postoperative CT. Visual analogue scale (VAS) and Oswestry disability index (ODI) were
used to evaluate the clinical e�cacy of surgery.

Results  All patients were followed for 12-25 months (16.5±5.3 months).The OLIF operation time was
(98.7±16.8) min, and the blood loss was (50.2±10.7) ml. The posterior "O" arm CT-navigated long
segment internal �xation was (101.5 ± 23.4) min, and the blood loss was (63.1 ± 19.7) ml. The total
operation time was (200.2±40.2) min, and the blood loss was (113.3±30.4) ml. Coronal Cobb angle, LL,
intervertebral space height, SVA, VAS, ODI at the last follow-up were 5.5°± 3.1°, 39.3°± 9.1°, (10.9±1.2)
mm, (25.1±10.9) mm, (1.3± 0.8)and(15.8±4.5)%, respectively, showing statistically signi�cant differences
( P <0.05). The "O" arm CT navigation has 240 nails, and the excellent rate of three-dimensional scanning
of the "O" arm during surgery is 96%. Lumbar CT showed lumbar fusion at the 6-month postoperative
period.

Conclusion  The short-term clinical outcomes of oblique lateral lumbar interbody fusion combined with
posterior "O" arm CT-navigated long segment internal �xation for degenerative scoliosis are satisfactory,
with advantages like minimal invasiveness, accurate navigation, high bone fusion rate and few
complications. Keywords Scoliosis; Surgery,computer-assisted; Spine fusion

Introduction
Degenerative scoliosis (DS) refers to the lateral curvature of spinal coronal plane, disappeared forward
curvature of sagittal lumbar spine or segmental backward curvature that is caused by degeneration of
single or multiple intervertebral discs and asymmetric degeneration of corresponding articular processes
after skeletal maturation in the previous absence of spinal deformity. DS occurs frequently among people
over 50 years of age, whose main clinical symptoms are refractory back pain, intermittent claudication,
radiculopathic pain and progressive lateral curvature of the spine [1–4].

Currently, conservative therapy of DS is considered to be ineffective, so surgical treatment is needed in
most cases [5]. Despite preferable clinical outcomes with the conventional posterior osteotomy and
orthopedic internal �xation, problems such as long operative duration, large intraoperative bleeding
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volume, high technical requirements and slow postoperative recovery are present, which can be hardly
tolerable by the physical condition of middle-aged and elderly patients [6–9].

Accordingly, the concept of minimally invasive spinal surgery has emerged. In recent years, good e�cacy
for DS treatment has been attained by extreme lateral interbody fusion or direct lumbar interbody fusion
(XLIF/DLIF) combined with posterior internal �xation. However, the operation passes through the psoas
muscle �bers, which can cause damage to the psoas muscle and lumbar plexus, with rather high
neurological complications [10–12].

Oblique lumbar interbody fusion (OLIF), as a currently popular minimally invasive procedure in spine
surgery, removes intervertebral disc and fuses bone grafts through the natural gap between large
abdominal vessels and psoas muscle, which causes less damage to the psoas muscle, lumbar plexus
and leads to less neurological complications than XLIF/DLIF [13]. Satisfactory outcomes with OLIF have
been reported by many scholars at home and abroad in the treatment of lumbar degenerative diseases
[13–17]. As a novel 3D stereoscopic imaging system, "O" arm CT navigation technology is superior to
conventional �uoroscopy in terms of shortening operation time, pedicle screw accuracy, and reducing
radiation exposure of surgeons and patients [18–19].

However, application of OLIF combined with posterior "O" arm CT-navigated long-segment internal
�xation in DS patients has been rarely reported. Through a retrospective case series study, we analyzed
the clinical data of 15 DS patients admitted for treatment in our hospital from April 2016 to December
2017, and discussed the clinical outcomes of OLIF combined with posterior "O" arm CT-navigated long-
segment internal �xation for the treatment of DS, in order to provide an evidence for clinical operation.

Materials And Methods
Study design

 This study was approved by the ethics committee of our hospital and all patients signed informed
consent before participation.Patients who underwent an OLIF combined with posterior "O" arm CT-
navigated long-segment internal �xation between April 2016 to December 2017 were include in this
study.All procedures were performed by a single surgeon in our hospital . Inclusion criteria: 1) Lumbar
scoliosis on the full-spine PA & LAT X-rays, with a Cobb angle of >10, and location of the scoliotic apex at
L1~L5; 2) Refractory back and leg pain, poor e�cacy upon 3 months of conservative treatment, and no
obvious signs of neurological impairment; 3) Suitability for OLIF surgery based on the preoperative
lumbar CT and MRI. Exclusion criteria: 1) Previous history of spinal surgery; 2) Other types of scoliosis,
such as congenital spinal deformity and ankylosing spondylitis; 3) Any history of spinal tumors or
tuberculosis; 4) Severe osteoporosis (T <-3.5, with history of fracture of other parts) [20].

Surgical Procedure
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 OLIF.A V-shape incision about 4 cm in length was made at the left lower abdomen. The skin,
subcutaneous tissue and deep fascia were cut layer by layer, and the extra-abdominal oblique muscle,
intra-abdominal oblique muscle and transverse abdominal muscle were dissected bluntly along the
muscle �ber direction. The retroperitoneal space was entered, and the abdominal aorta and psoas space
were exposed under direct vision. The intervertebral disc was exposed, the psoas muscle was retracted
clinging to the disc surface, and the guide needles were inserted into the vertebral bodies of upper and
lower segments. Then the intervertebral disc was excised and scraped to the bone endplate. The
intervertebral space was dilated by sequential trials, and the arti�cial bone was �lled with an appropriate
size anterior interbody fusion cage. After initial oblique entrance, the fusion cage was placed vertically
into the intervertebral space by gradual rotation, which was positioned via the "C" arm �uoroscopy.

Posterior "O" arm CT-navigated long-segment internal �xation .The T10-L5 spinous process connection
was incised, separated and entered via the longissimus-multi�dus approach to expose the spinous
processes, as well as the superior and inferior articular processes. The smart surgical tool was
authenticated, and the tracer was installed by choosing the L2 spinous process. The T10-L5 vertebral
bodies were scanned over 360 degrees by "O" arm 3D CT, and uploaded to the view base station to
generate 3D images. The optimal pedicle screw insertion point was selected using the smart surgical tool
with the aid of 3D navigation, and then the pedicle screws were placed sequentially according to the
depth of smart probe. After completion of nailing, the T10-L5 vertebral bodies were subjected to "O" arm
3D scanning to assess the screw position. After satisfactory screw �xation, the plastic connecting rod
was placed and locked.

Neuroelectrophysiological monitoring (cortical somatosensory evoked potentials and motor evoked
potentials) was employed throughout the surgery, and autologous blood transfusion was used.

Follow-up evaluation

Surgical conditions

Operation time: A period from surgical incision of skin to the completion of incision suturing.
Intraoperative bleeding volume: Blood losses from intraoperative revealed hemorrhage concealed
hemorrhage. Among them, the concealed bleeding volume was measured by the Gross equation [19]

based on the height, weight and pre- and postoperative changes in hematocrit .

Clinical e�cacy

Symptomatic relief in patients was assessed using the visual analogue scale (VAS) [20] and the Oswestry
disability index (ODI) [21].

Radiograph evaluation indices
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Coronal Cobb Angle: After determining the upper and lower end vertebrae of lateral curvature, a vertical
line was made each for the parallel line of upper end vertebra superior endplate and for the parallel line of
lower end vertebra interior endplate, and the angle between the two vertical lines was precisely the Cobb
angle. Lumbar lordosis (LL): The angle between the parallel line of L1 vertebral body superior endplate
and the parallel line of S1 vertebral body superior endplate. Intervertebral space height: The average
height value of the anterior intervertebral space margin and the posterior intervertebral space margin on
the full-spine LAT X-ray. Sagittal vertical axis (SVA): The distance between the C7 plumb line and the
upper back angle of S1. Sagittal imbalance was de�ned to be SVA > 5 cm. The excellent rate of pedicle
screw position was evaluated by the Richter method [22]. Excellent: the screw was located entirely inside
the pedicle and vertebral body; Good: the screw penetrated the pedicle isthmic cortex (< 1/4 of screw
diameter); Poor: the screw penetrated the pedicle isthmic cortex distinctly (> 1/4 of screw diameter).
Intervertebral fusion rate: Assessed by the Siepe method for lumbar vertebral 3D CT reconstruction [23].

Statistical analysis

Statistical analysis was performed using SPSS 19.0 (SPSS, USA) software. The measurements were
showedas Mean± SD. The pre- and postoperative VAS scores for low back and leg pain, ODI, coronal
Cobb angle, LL, intervertebral space height and SVA were compared by the paired data t-test at a bilateral
signi�cance level of α= 0.05. P < 0.05 was considered statistically signi�cant.

Results
Among 15 DS patients treated by OLIF combined with posterior "O" arm CT-navigated long-segment
internal �xation in our hospital From April 2016 to December 2017, they consisted of 3 males and 12
females, who were aged 55-73 years old, with a mean age of (62.2±5.3) years. Apical scoliotic vertebrae
were L2/3 in 9 cases; and L3/4 in 6 cases. Preoperative bone density values ranged from 0.3 to -1.8 SD,
with an average of (-0.8 ± 0.4) SD. All patients suffered from refractory low back pain, 10 patients had
accompanying intermittent claudication, while 5 patients had accompanying radiculopathic pain. None
of them were cured effectively after 3 months of regular conservative treatment, thus affecting their
quality of life. All patients received OLIF combined with posterior "O" arm CT-navigated long-segment
internal �xation (lumbar fusion cage, Sanyou Medical Co., Ltd., Shanghai; Medtronic CT navigation, USA;
US long arm universal screw, Fule Technology Co., Ltd., Beijing).

All patients were followed up for 12 to 25 months, with a mean of (16.5 ± 5.3) months.

Surgical parameters

All 15 patients received successful surgery, including 3 cases of double-segmental OLIF, 8 cases of three-
segmental OLIF and 4 cases of four-segmental OLIF. Regarding posterior approach, all were treated by
long segment (T10-L5) internal �xation under the "O" arm CT navigation. For the OLIF, operation time was
(98.7±16.8) min, and the intraoperative bleeding volume was (50.2±10.7) ml. For the posterior "O" arm CT-
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navigated long segment internal �xation, the operation time was (101.5 ± 23.4) min, and the
intraoperative bleeding volume was (63.1 ± 19.7) ml. These gave a total operation time of (200.2±40.2)
min, and a total intraoperative bleeding volume of (113.3±30.4) ml.

 Clinical outcomes

The VAS score for low back pain of enrolled patients dropped from preoperative (6.8±1.6) points to
(1.4±1.0) points at the �nal follow-up (t=9.214, P=0.021), whereas the VAS score for leg pain declined
from preoperative (6.2±1.1) to (1.0±0.5) points at the �nal follow-up (t=10.321, P=0.015). Meanwhile, ODI
decreased from preoperative 64.6±10.4% to 15.8±4.5% at the �nal follow-up (t=12.213, P=0.011).  Table 1
lists the details.

Radiograph assessment

According to the X-ray �ndings of enrolled patients, the coronal Cobb angle decreased from the
preoperative value of (20.3°± 13.5°) to (5.5°± 3.1°) at the �nal follow-up (t= 7.123, P= 0.024); LL increased
from the preoperative value of (25.8°± 8.2°) to (39.3°± 9.1°) at the �nal follow-up (t= -5.221, P= 0.017); the
intervertebral space height raised from the preoperative value of (5.9± 2.7) mm to (10.9± 1.2) mm at the
�nal follow-up (t=-6.187, P=0.036); and SVA decreased from the preoperative value of (42.3±16.5) mm to
(25.1±10.9) mm at the �nal follow-up (t=-3.242, P=0.013). All differences were statistically signi�cant.
Figure 1 illustrates a typical case.

For the enrolled patients, 240 screws were inserted with the "O" arm CT navigation, and the excellent rate
of intraoperative "O" arm 3D scanning was 96% (230/240). Lumbar CT at 6 months postoperatively
showed osseous fusion of all interbody fusion cages, with a fusion rate of 100%.

Complications

Grade I/A incision healing was attained in all patients. No serious complications of nerve, blood vessel or
abdominal organ injury werefound. Particularly, one patient developed anterior medial pain of the left
thigh, two patients experienced a transient weakness of left hip �exion after surgery. They were not given
special management, and all of them recovered during the follow-up period.

Discussion
With the ever intensi�ed aging of China's population, the incidence of DS has been rising gradually, which
has become a major cause of waist and leg pain among middle-aged and elderly populations. Currently,
choice of DS treatment strategy and evaluation of relevant therapeutic e�cacy have been the focus of
spine surgeons. For patients with severe low back, leg pains and progressive aggravation of DS, which
affect their quality of life and are not curable by conservative therapies, receiving active surgical
treatment is needed. The aims of surgical treatment are to alleviate clinical symptoms, maintain spinal
biomechanical stability and control the incidence of complications [24]. DS patients are characterized by
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multiple underlying diseases and weak surgical risk resistance since the majority of them are middle-
aged and elderly people. Ensuring the surgical safety is necessary while guaranteeing the therapeutic
e�cacy. Thus, it is important to reduce the surgical trauma and shorten the operation time. Conventional
posterior osteotomy and orthopedic internal �xation have problems such as long operative duration, large
intraoperative bleeding volume, high technical requirements and slow postoperative recovery [6-9].
Meanwhile, XLIF/DLIF combined with posterior internal �xation may cause damage to the psoas muscle
and lumbar plexus, which can lead to rather high neurological complications as well [11-12]. OLIF, which
enters obliquely through the natural gap between large abdominal vessels and psoas muscle from the
anterior lateral side, dissects the psoas muscle bluntly, removes the intervertebral disc, restores the
vertebral height, and decompresses stenotic spinal canal or nerve root canal indirectly, and can thereby
correct the lateral kyphosis. Since the beginning of 2016, our hospital has been treating DS by OLIF
combined with posterior "O" arm CT-navigated long segment internal �xation, which yielded satisfactory
early clinical outcomes. With advantages like minimal invasiveness, accurate navigated screw insertion
and high bone fusion rate, the surgical strategy can provide a new option for minimally invasive
treatment of DS.

Apical vertebrae in DS are commonly seen in L2/3, L3/4 position, while the segments exposed with OLIF
are L2~L5, so OLIF can fully expose the surgical area, which has a unique advantage. With a surgical
incision of approximately 3-4 cm, OLIF also has the advantages of small incision and low intraoperative
bleeding. Silvestre et al. [25] analyzed the data of 179 patients who underwent OLIF, and reported a mean
bleeding volume of 57 ml for a single segment. Fujibayashi et al .[26] reported a mean blood loss of 17.6
ml in a single segment of OLIF.. In the present study, the 15 enrolled patients exhibited bleeding volume of
merely (50.2±10.7) ml during the OLIF operation, so postoperative drainage tube placement was not
needed. In the meanwhile, the posterior long segment internal �xation is implemented via the
longissimus-multi�dus approach to avoid damage to the paravertebral muscles. This procedure also has
the small trauma, low bleeding advantages.

DS features degeneration of intervertebral discs in the scoliotic segments. The asymmetrical
intervertebral stenosis causes lateral vertebral body slip, joint dislocation and ligamentum �avum
hypertrophy, which can induce nerve traction and compression to result in corresponding clinical
symptoms. OLIF procedure allows placement of a larger, wider interbody fusion cage than the posterior
surgery, which can play an indirect decompression role. Sato et al. [14] reported a 61% increase in the
intervertebral space height, a 21% increase in the left side of intervertebral foramen area and a 39%
increase in the right side of intervertebral foramen area after OLIF. Besides, VAS and ODI decreased
markedly than before surgery, thus demonstrating a good indirect decompression effect of the surgery.
For the patients enrolled in this study, the OLIF interbody fusion cage used was 45-55 mm in length and
12-16 mm in height. Besides, the intervertebral space height was (5.9±2.7) mm before surgery, and was
(10.9±1.2) mm at the �nal follow-up, with an average increase of 84%. The VAS and ODI at the �nal
follow-up also improved remarkably than the preoperative values. Hence, OLIF combined with posterior
"O" arm CT-navigated long segment internal �xation is effective in opening the intervertebral space and
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indirectly decompressing the spinal canal and intervertebral space, without the need for posterior spinal
canal decompression, which avoids damage to the spinal dura mater and nerve roots.

Patients with DS often have coronal scoliosis, sagittal lumbar lordosis disappearance or segmental
kyphosis, their coronal Cobb angle is not large, and main deformity is reduced lumbar lordosis [27]. OLIF is
effective in correcting the coronal scoliosis and the sagittal imbalance. According to a report by
 Fujibayashi et al .[26] , the lumbar lordosis angle of responsible vertebra increased by 4.5° on average
following OLIF as compared to the preoperative value. For the patients enrolled in this study, the interbody
fusion cages were inserted in parallel by OLIF, and then the posterior long segment internal �xation was
performed. At the �nal follow-up, the coronal Cobb angle decreased by 14.8°, LL increased by 13.5°, and
SVA decreased by 17.2 mm, thus correcting the coronal scoliosis and lumbar lordosis effectively and
achieving sagittal balance.

Studies have found that the navigation aid can effectively enhance the accuracy of pedicle screw
placement, shorten the screwing time, reduce the bleeding volume and lower the radiation exposure of
both surgeons and patients [28-29]. For the patients enrolled in this study, 240 screws were placed via the
"O" arm CT navigation. The excellent rate of intraoperative "O" arm 3D scanning was 96%, and no screw
insertion-related complications were noted.

OLIF is operated under direct vision through the natural gap anterior to psoas muscle. The psoas muscle
is dissected bluntly while avoiding damage to the muscle and lumbar plexus. Damage to the spinal cord
and nerve roots can be avoided by not entering the spinal canal. Meanwhile, retention of the anterior and
posterior longitudinal ligaments can prevent vertebral instability, which effectively reduces the
complications of lumbar plexus injury such as psoas muscle weakness, as well as numbness of inguinal
region and anterior medial thigh. Among the 15 enrolled patients in this study, 1 patient developed
anterior medial pain of left thigh, and 2 patients had weakness of left hip �exion postoperatively. All of
them recovered during the follow-up period. The cause was analyzed to be excessive intraoperative
traction. OLIF is capable of managing the responsible intervertebral discs fully, reducing the soft tissue
adhesion of endplate and providing a preferable bone fusion environment. Moreover, after placement of
the larger and wider interbody fusion cage, the surrounding ligament can be tightened to attain
immediate stability, and the contact area of bone graft increases. Osseous fusion of all interbody fusion
cages was found on the 6 months postoperative lumbar CT for the 15 patients in this study, with a fusion
rate of 100%.     

In conclusion, the early clinical outcomes of the OLIF combined with posterior "O" arm CT-navigated long
segment internal �xation for treatment of DS are satisfactory, with advantages like minimal invasiveness,
accurate navigated screw insertion, high bone fusion rate and few complications, which can thus offer a
new option for minimally invasive treatment of DS.

This study is a retrospective review, with small sample size, no control group and limited postoperative
follow-up duration. A prolonged follow-up is needed to further observe and summarize the long-term
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outcomes and complications of the proposed surgical strategy.
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Table 1 Comparison of preoperative and postoperative VAS and ODI between the two groups  `x±s score
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Item                    Before surgery               After surgery          t value          P value
VAS

   Low back pain        6.8±1.6                   1.4±1.0                  9.214               0.021
     Leg pain            6.2±1.1                    1.0±0.5                  10.321           0.015
ODI Overall score %    64.6±10.4                  15.8±4.5                 12.213            0.011

Figures

Figure 1

A 71-year-old female patient with degenerative scoliosis for 4 years, who underwent four-segment (L1/2,
L2/3, L3/4, L4/5) OLIF combined with posterior T10-L5 internal �xation. A, B. Preoperative full-spinal PA
& LAT X-ray �lms in standing position revealed a Cobb angle of 25°, and a SVA of 46.6 mm; C.
Preoperative lumbar CT 3Dreconstruction showed that the scoliotic apex was located at L2/3; D.
Preoperative lumbar spine MRI showed lumbar scoliosis and lumbar spinal stenosis; E, F. Postoperative
full-spinal PA & LAT X-ray �lms revealed a postoperative Cobb angle of 5°, and a SVA of 22.7 mm; G, H.
Six months postoperative reexamination of lumbar CT 3D reconstruction showed osseous fusion of the
interbody fusion cage. Note: OLIF stands for oblique lateral lumbar interbody fusion


