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Abstract
Objective: To investigate the surgical outcomes of single-position oblique lateral interbody fusion (OLIF)
combined with percutaneous pedicle screw �xation (PPSF) in treating
degenerative lumbar spondylolisthesis (DLS).

Methods: We retrospectively analyzed 85 patients with DLS who met the inclusion criteria from April 2018
to December 2020. According to the need to change their position during the operation, the patients were
divided into a single-position OLIF group (27 patients) and a conventional OLIF group (58 patients). The
operation time, intraoperative blood loss, hospitalization days, instrumentation accuracy and
complication rates were compared between the two groups. The visual analog scale (VAS) and Oswestry
disability index (ODI) were used to evaluate the clinical e�cacy. The surgical segment's intervertebral
space height (IDH) and lumbar lordosis (LL) angle were used to evaluate the imaging effect.

Results: The hospital stay, nail placement accuracy, and complication incidence were similar between the
two groups (P>0.05). The operation time and intraoperative blood loss in the single-position OLIF group
were less than those in the conventional OLIF group (P<0.05). The postoperative VAS, ODI, IDH and LL
values were signi�cantly improved (P<0.05), but there was no signi�cant difference between the two
groups (P>0.05).

Conclusions: Compared with conventional OLIF, single-position OLIF combined with PPSF is also safe
and effective, and it has the advantages of a shorter operation time and less intraoperative blood loss.

Introduction
Degenerative lumbar spondylolysis (DLS) refers to the displacement of the lumbar vertebral body relative
to the lower vertebral body due to lumbar degenerative changes. The prevalence rate is approximately
4.1% ~ 11.1% [1]. When severe neurological de�cits occur or medical treatment is unsuccessful, surgery
can be proposed. At present, the commonly used surgical methods for the treatment of DLS include
anterior lumbar interbody fusion (ALIF), posterior lumbar interbody fusion (PLIF), translaminar lumbar
interbody fusion (TLIF) and oblique lateral interbody fusion (OLIF). The OLIF surgical technique, which
has emerged in recent years, uses an approach that targets the region between the abdominal aorta and
the psoas major in the retroperitoneal space, reducing the risk of damage to the psoas major and
vascular nerves without the need for neuromonitoring during surgery. OLIF has the advantages of
reduced trauma, better biomechanical stability and faster functional recovery, and it is gradually being
used in clinical practice [2, 3]. 

However, conventional OLIF requires intervertebral fusion cage placement in the lateral position and
pedicle screw placement in the prone position, which signi�cantly increases the operative duration and
risks of life-threatening complications, such as tracheal intubation falling off during anesthesia [4].
Therefore, single-position OLIF combined with percutaneous pedicle screw �xation (PPSF) may be an
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effective and improved treatment for DLS. This study evaluated and analyzed the clinical, surgical and
radiographic outcomes of single-position OLIF combined with PPSF in treating DLS.

Material And Methods

General patient data
This study has been reported in line with the Strengthening the Reporting of Cohort Studies in Surgery
(STROCSS) criteria [5]. The inclusion criteria were as follows: persistent low back pain and lower
extremity pain that was unresponsive to conservative treatment; determination of the affected level by
computed tomography (CT) and magnetic resonance imaging (MRI); Meyerding classi�cation of �rst- or
second-degree DLS (Figure 1); complete clinical and imaging data; and follow-up of more than 12
months. The exclusion criteria were as follows: history of lumbar spine surgery; patients with lumbar
trauma, infection, tumor or basic disease who cannot tolerate surgery; coagulation dysfunction; inability
to self-evaluate due to mental illness; and missing follow-up data. There were 27 patients in the single-
position OLIF group, 10 males and 17 females, with an average age of 57.70 ± 7.20 years (range 46-74),
and this group included 6 cases in L3/4 segments and 21 cases in L4/5 segments. The follow-up time
was 25.15 ± 4.78 (range 16-33) months. There were 58 patients in the conventional OLIF group, 24 males
and 34 females, with an average age of 60.88 ± 9.51 years (range 26-75), and this group included 2 cases
in L2/3 segments, 10 cases in L3/4 segments and 46 cases in L4/5 segments. The follow-up time was
25.91 ± 5.26 (range 14-33) months.

All the surgical procedures were performed by orthopedic surgeons with extensive experience in spinal
surgery. The patient's sex and age, nail accuracy, operative duration, blood loss, hospitalization duration,
complication incidence and other general data were collected and recorded. All patients were placed
PPSF with "freehand", since the OLIF procedure is already a standard procedure, not repeated in this
paper [6] (Figure 2). The difference between the established and performed procedures was that we
placed the cage and pedicle screws when the patient was in the right decubitus position. Since there was
no difference in postoperative X-ray examination between the two groups, we reported only one case of
DLS treated with OLIF (Figure 3).

E�cacy evaluation indicators
Data were collected from all patients before the operation, 1-week after the operation and at the last
follow-up (> 12 months). The VAS score [7] and ODI [8] were used to evaluate pain and spinal function
improvements. According to Lee et al. [9], the screw placement’s accuracy was assessed as follows: level
0, the screw was located entirely in the pedicle; level I, less than 25% of the screw diameter broke through
the pedicle; level, 25-50% of the screw broke through the pedicle; and level III, more than 50% of the screw
diameter broke through the pedicle. The number of screws with a placement level of 0 was recorded. The
lumbar lordosis (LL) angle and intervertebral disc height (IDH) were measured by lateral X-ray. The IDH
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was the distance from the highest portion of the lower endplate of the cephalad vertebra to the closest
portion of the upper endplate of the caudal vertebra [10].   

Statistical analysis
The data were analyzed using SPSS (version 26.0). The results are expressed as the mean ± standard
deviation. The measurement data were tested by t test, and the count data were tested by chi-square test.
P < 0.05 was considered to indicate a signi�cant difference.

Results
All 85 patients completed the operation. The average operative durations of the single-position OLIF
group and the conventional OLIF group were 118.56 ± 15.74 minutes and 133.19 ± 24.94 minutes,
respectively, and the intraoperative blood loss was 66.96 ± 14.77 ml and 88.10 ± 16.25 ml, respectively;
these values of the single-position OLIF group were signi�cantly lower than those of the conventional
OLIF group (p< 0.05). The patients’ ages in the two groups were 57.70±7.20 and 60.88±9.51, respectively,
and the hospitalization days were 7.44±2.01 days and 7.34±1.48 days, respectively, and values were not
signi�cantly different (Table 1).

Clinical e�cacy
In the single-position OLIF group, the postoperative lumbar VAS score decreased from 6.89 ± 1.21 points
to 2.85 ± 0.99 points and was 1.67 ± 0.92 points at the last follow-up. The postoperative lower extremity
VAS score decreased signi�cantly from 6.61 ± 0.98 points to 2.81 ± 0.79 points and was 1.56 ± 0.75
points at the last follow-up. The postoperative ODI decreased from 56.15 ± 8.99 to 24.30 ± 7.03 and was
16.74 ± 5.65 at the last follow-up. Similarly, in the conventional OLIF group, the postoperative VAS score
signi�cantly decreased from 7.01 ± 1.18 to 2.93 ± 1.09 and was 1.55 ± 0.78 points at the last follow-up.
The postoperative lower extremity VAS score also signi�cantly decreased from 6.57 ± 1.01 to 2.88 ± 0.94
and was 1.71 ± 0.75 at the last follow-up. The postoperative ODI decreased from 55.26 ± 7.55 to 25.72 ±
8.42 and was 16.66 ± 5.06 at the last follow-up. Compared with the preoperative VAS and ODI scores,
the postoperative VAS and ODI scores in both groups were signi�cantly improved (P<0.05). There was no
signi�cant difference in the VAD and ODI between the two groups preoperatively, postoperatively or at
the last follow-up (P>0.05) (Table 2).

Imaging results
In the single-position OLIF group, the IDH was 8.30 ± 1.00 mm preoperatively, 13.58 ± 1.47 at one week
postoperatively, and 13.31 ± 1.57 mm at the last follow-up. The LL angle was 35.31 ± 8.24 preoperatively,
47.37 ± 10.07 at one week postoperatively, and 46.76 ± 10.13 at the last follow-up. Similarly, in the
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conventional OLIF group, the IDH was 8.43 ± 1.44 mm preoperatively, 13.15 ± 1.50 mm at one week
postoperatively, and 12.78 ± 1.64 mm at the last follow-up. The LL was 36.63 ± 8.73 preoperatively, 48.12
± 10.39 at one week postoperatively, and 47.07 ± 10.09 at the last follow-up. The postoperative LL and
IDH of the two groups were signi�cantly improved compared with the preoperative LL and IDH of the two
groups (P<0.05), but there was no signi�cant difference between the two groups (P>0.05) (Table 3).

Complications
In the single-position OLIF group, the incidence of complications was 21.43% (6/27); 3 patients had
transient high pain or numbness, and the symptoms disappeared naturally within half a year. One patient
had segmental vascular injury. One patient had pain in the operation area of the iliac bone. One patient
had cerebrospinal �uid leakage. After lying on his back and rehydration for three days, the symptoms of
dizziness gradually relieved. One patient developed an abdominal bulge at the wound site. In the
conservative OLIF group, the incidence of complications was 27.59% (16/58). During the operation, there
were 2 cases of peritoneal injury and 2 cases of endplate injury. Five patients had transient thigh pain or
numbness, 1 patient had low back pain, and 2 patients had lumbar myasthenia, and the symptoms
gradually disappeared within half a year without treatment; 2 patients had transient hip �exion weakness,
and the symptoms disappeared after nerve detumescence treatment; 2 patients had cerebrospinal �uid
leakage, and the symptoms of dizziness gradually decreased after lying down and rehydration for 7 days.
There was no signi�cant difference in the incidence of complications between the two groups (χ2=0.276
P=0.599). In the single-position OLIF group, the nail placement accuracy was 96.30% (104/108), and the
nail placement accuracy in the conventional OLIF group was 94.83% (220/232). There was
no signi�cant difference between the two groups (χ2=0.254, P=0.614)

Discussion
Over time, doctors have increasingly favored minimally invasive surgery. While ensuring clinical results,
minimally invasive procedures minimize surgical trauma and ease patient suffering. Various minimally
invasive techniques have been applied in the clinic and have bene�tted many patients. In recent years, the
clinic has widely used minimally invasive oblique lateral spinal fusion surgery via OLIF. This procedure
uses extraperitoneal blood vessels and the psoas muscle space for entry, allows the implantation of a
larger fusion cage, increases the bone contact surface, and thus increases the fusion rate. This approach
also allows complete opening of the intervertebral space, expansion of the intervertebral foramen area,
and restoration of the spinal canal volume to achieve indirect decompression [2, 11]. OLIF is widely used
because of its ability to provide indirect decompression and its minimal invasiveness; it also helps restore
the sagittal curve and coronal balance. It can be applied to treat various lumbar degenerative diseases,
especially lumbar spondylolisthesis [12]. Because of the lack of an ideal effect and the insu�cient
rotational stability achieved with a fusion cage alone, bilateral pedicle screw �xation is still the gold
standard [13]. 

https://www.baidu.com/s?wd=%CF%872%E6%80%8E%E4%B9%88%E6%89%93%E5%87%BA%E6%9D%A5&usm=3&ie=utf-8&rsv_pq=ca5e22740002bee7&oq=%E5%8D%A1%E6%96%B9%20%E7%AC%A6%E5%8F%B7&rsv_t=0443Sh4ZAqftEL5GyeTkbUOKOQScV%2Br7IuWKVlsOHbuYtLtJMr1BX5DSgiQ&rsf=100631109&rsv_dl=0_prs_28608_2
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However, in conventional OLIF, the patient usually needs to be in the lateral position for cage placement
and then transitioned to the prone position for pedicle screw placement. In this study, single-position OLIF
signi�cantly reduced the intraoperative blood loss and shortened the operation time compared with
conventional OLIF. Single-position OLIF does not require repositioning, which helps save operative time.
Additionally, because the operation time is reduced, the intraoperative blood loss and anesthesia time are
reduced, which helps decrease the risk of infection and anesthesia decannulation. Although no patients
with anesthesia decannulation and infection were observed in this study, patients may bene�t from the
close attention of anesthesiologists and strict compliance with routine aseptic procedures.

In addition, the VAS score and ODI in this study were signi�cantly lower after the operation than before
the operation. The lumbar and lower limb symptoms were signi�cantly improved. Similarly, IDH and LL
on imaging were considerably enhanced compared with those before operation. Loss of the LL angle and
changes in the IDH are closely related to the development of DLS. Therefore, it has important clinical
signi�cance to study the changes in the LL and IDH in DLS patients. The loss of LL is a key cause of low
back pain in patients [14], and the restoration of the IDH at the affected segment improves the
compression of the nerve root at the corresponding segment. In this study, both OLIF and PLIF can
signi�cantly restore lumbar lordosis and intervertebral space height. There was no signi�cant difference
in the VAS, ODI, IDH, and LL between the two groups at the last follow-up. In short, single-position OLIF
has clinical e�cacy, high safety, and feasibility that are similar to those of conventional OLIF. Similar
results have been obtained in other studies [6, 15].

The two groups of patients inevitably had different degrees of complications. Vascular injury, which is
mainly the injury of vertebral segmental vessels and iliac vessels, is a common complication of OLIF [16].
The risk of vascular injury by the OLIF technique is mainly related to the process of incision exposure,
separation of psoas muscle and vascular sheath, and deep clearance of intervertebral space [17].
Endplate injury mostly occurs in patients with osteoporosis [2]. Improper operations during surgery, such
as directly using a sharp reamer to remove the nucleus pulposus or the following the wrong direction
during intervertebral disc cleaning, can cause endplate damage. For patients with intraoperative endplate
injury, screw �xation is necessary [18]. Among our patients who underwent single-position OLIF, three
patients (11.11%) had transient leg weakness during follow-up, and four patients (8.62%) in the
conventional OLIF group had transient leg weakness during follow-up. The numbers were within the
normal range (6.1-60.3%) [11, 19, 20]. Postoperative thigh numbness and hip �exion weakness may be
caused by retraction of the psoas muscle and associated sensory nerves [21]. These symptoms are
mostly transient, and postoperative rehabilitation exercises can facilitate recovery in a short period.

Pedicle screw misplacement is a common complication in spinal surgery. This study used “freehand”
screw placement. According to reports, the displacement rate of “freehand” pedicle screw placement is
1.5-14.3% [22-24]. Although the development of robotic technology (computer navigation technology) has
helped to improve accuracy [25, 26], sometimes hospitals do not have computer technology navigation
technology and often still perform “freehand” operations.
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The single-position OLIF may be a new technology worthy of recommendation. Recently, Kotani et
al. [27] found that single-position OLIF can provide a comparable fusion rate, segmental radiologic
alignment, and symptomatic adjacent segment degeneration to MIS-TLIF surgery. Pham et
al. [28] presented a novel technical report on the recommended work�ow of simultaneous robotic single-
position OLIF and demonstrated the ’feasibility of placement of sacroiliac �xation in the lateral decubitus
position. In addition, Diaz-Aguila et al. [15] found that robot-assisted OLIF can reduce the operative time
while ensuring accurate and timely screen placement with minimal complications. As medical technology
continues to develop, minimally invasive, robot-assisted surgical treatment will be increasingly used. We
expect to see more reports on robot-assisted treatments for lumbar degenerative disease. In short, single-
position OLIF serves as a safe, minimally invasive and effective surgical modality that saves valuable
operating room time and is worth popularizing.

Although OLIF has advantages over conventional surgery in terms of the operative duration, there is no
need for a signi�cant learning curve to adapt to this technology. However, we believe that surgeons
should pay attention to the following factors. First, surgeons must have su�cient experience with OLIF
combined with "freehand" placement of PPSF. Second, the patient's position is signi�cant. On the one
hand, being too close to the bed will affect the �uoroscopy. On the other hand, being too far away from
the bed will limit the puncture angle of PPSF. According to our experience, the average time required to
insert each percutaneous pedicle screw on the patient's right side was signi�cantly longer than that
required to insert each screw on the left side. This difference may occur because it is easier to apply force
while inserting the percutaneous pedicle screw from the left side. Therefore, the patient's position should
be as close as possible to the side of the operating bed so as not to block the operating bed when the nail
is placed on the right side. In our opinion, the ideal position is from the edge of the bed to a quarter of the
width of the bed.

There are some limitations to our study. First, because the single-position OLIF method has not yet been
popularized, the sample size of our study is small, and larger sample size is needed to con�rm its safety
and e�cacy. Second, the survey subjects were limited to LDS patients treated at Lanzhou University
Second Hospital. There may be differences among medical institutions due to differences in medical
equipment. Third, surgeons may have varying experiences with OLIF techniques.

Conclusion
Single-position OLIF combined with PPSF signi�cantly shortens the operation time, reduces the amount
of intraoperative blood loss, is clinically effective, substantially improves the operation e�ciency, and has
good feasibility and safety. Thus, the treatment of DLS with single-position OLIF may be worth
promoting.
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OLIF: Oblique lateral interbody fusion



Page 8/14

PPSF: Percutaneous pedicle screw �xation

DLS: Degenerative lumbar spondylolisthesis
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Tables
Table 1 

General patient data.

Groups Single-position OLIF Conventional

OLIF

t P

Age 57.70±7.20 60.88±9.51 -1.539 0.128

Operation time 118.56 ± 15.74 133.19 ± 24.94 -2.796 0.006

Intraoperative blood loss 66.96 ± 14.77 ml 88.10 ± 16.25 -5.947 0.001

Hospitalization days 7.44±2.01 7.34±1.48 0.259 0.798

Table 2 

Comparison of the lumbar VAS score and lower limb VAS score between the two groups preoperatively,
postoperatively and at the last follow-up.

Time Single-position OLIF Conventional

OLIF

t P

Preoperative lumbar VAS 6.89 ± 1.21 7.01 ± 1.18 -0.475 0.636

Postoperative lumbar  VAS 2.85 ± 0.99 2.93 ± 1.09 -0.321 0.749

Last follow-up lumbar VAS 1.67 ± 0.92 1.55 ± 0.78 0.599 0.551

Preoperative lower extremity VAS 6.61 ± 0.98 6.57 ± 1.01 -0.219 0.827

Postoperative lower extremity VAS 2.81 ± 0.79 2.88 ± 0.94 -0.310 0.757

Last follow-up lower extremity VAS 1.56 ± 0.75 1.71 ± 0.75 -0.865 0.391

Preoperative ODI 56.15 ± 8.99 55.26±7.55 0.475 0.636

Postoperative ODI 24.30 ± 7.03 25.72 ± 8.42 -0.765 0.447

Last follow-up ODI 16.74 ± 5.65 16.66 ± 5.06 0.067 0.947
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Table 3 

Comparison of the ODI and IDH between the two groups preoperatively, postoperatively and at the last
follow-up.

Time Single-position OLIF Conventional

OLIF

t P

Preoperative IDH 8.30 ± 1.00 8.43 ± 1.44 -0.424 0.673

Postoperative IDH 13.58 ± 1.47 13.15 ± 1.50 1.241 0.218

Last follow-up IDH 13.31 ± 1.57 12.78 ± 1.64 1.444 0.155

Preoperative LL 35.31 ± 8.24 36.63 ± 8.73 0.659 0.511

Postoperative LL 47.37 ± 10.07 48.12 ± 10.39 -0.312 0.755

Last follow-up LL 46.76 ± 10.13 47.07 ± 10.09 -0.130 0.897

Figures

Figure 1

Image of L4/5 spondylolisthesis in a 65-year-old woman. (A-B) X-ray and (C-D) CT images show that the
L4/5 vertebral body has slipped forward.
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Figure 2

Surgical procedure for single-position OLIF. (A) Establish OLIF channel and place cage. (B) Place puncture
needle in the lateral position by "freehand". (C) Veri�cation of whether the guidewire positioning is
satisfactory by �uoroscopy. (D) Pedicle screw placement. (E) Installation of the pedicle screw system.

Figure 3

Anterior and lateral radiographs of a patient at 3 months postoperatively.


