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Objective: To compare the safety and effectiveness of robot-assisted minimally invasive transforaminal lumbar inter-
body fusion (Mis-TLIF) and oblique lumbar interbody fusion (OLIF) for the treatment of single-level lumbar degenerative
spondylolisthesis (LDS).

Methods: This is a retrospective study. Between April 2018 and April 2020, a total of 61 patients with single-level
lumbar degenerative spondylolisthesis and treated with robot-assisted OLIF (28 cases, 16 females, 12 males, mean
age 50.4 years) or robot-assisted Mis-TLIF (33 cases, 18 females, 15 males, mean age 53.6 years) were enrolled and
evaluated. All the pedicle screws were implanted percutaneously assisted by the TiRobot system. Surgical data
included the operation time, blood loss, and length of postoperative hospital stay. The clinical and functional out-
comes included Oswestry Disability Index (ODI), Visual Analog scores (VAS) for back and leg pain, complication, and
patient’s satisfaction. Radiographic outcomes include pedicle screw accuracy, fusion status, and disc height. These
data were collected before surgery, at 1 week, 3 months, 6 months, and 12 months postoperatively.

Results: There were no significantly different results in preoperative measurement between the two groups. There was sig-
nificantly less blood loss (142.4 � 89.4 vs 291.5 � 72.3 mL, P < 0.01), shorter hospital stays (3.2 � 1.8 vs 4.2
� 2.5 days, P < 0.01), and longer operative time (164.9 � 56.0 vs 121.5 � 48.2 min, P < 0.01) in OLIF group compared
with Mis-TLIF group. The postoperative VAS scores and ODI scores in both groups were significantly improved compared
with preoperative data (P < 0.05). VAS scores for back pain were significantly lower in OLIF group than Mis-TLIF group at
1 week (2.8 � 1.2 vs 3.5 � 1.6, P < 0.05) and 3 months postoperatively (1.6 � 1.0 vs 2.1 � 1.1, P < 0.05), but there
was no significant difference at further follow-ups. ODI score was also significantly lower in OLIF group than Mis-TLIF group
at 3 months postoperatively (22.3 � 10.0 vs 26.1 � 12.8, P < 0.05). There was no significant difference in the proportion
of clinically acceptable screws between the two groups (97.3% vs 96.2%, P = 0.90). At 1 year, the OLIF group had a higher
interbody fusion rate compared with Mis-TLIF group (96.0% vs 87%, P < 0.01). Disc height was significantly higher in the
OLIF group than Mis-TLIF group (12.4 � 3.2 vs 11.2 � 1.3 mm, P < 0.01). Satisfaction rates at 1 year exceeded 90% in
both groups and there was no significant difference (92.6% for OLIF vs 91.2% for Mis-TLIF, P = 0.263).
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Conclusion: Robot-assisted OLIF and Mis-TLIF both have similar good clinical outcomes, but OLIF has the additional
benefits of less blood loss, less postoperative hospital stays, higher disc height, and higher fusion rates. Robots are
an effective tool for minimally invasive spine surgery.
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Introduction

Degenerative lumbar spondylolisthesis (DLS) is a com-
mon spinal disease owing to the abnormal vertebral

slippage and compression of the neural structures. Symptoms
may include intermittent neurogenic claudication, lumbar
radiculopathy, and low back pain. The primary treatment for
lumbar spondylolisthesis is conservative. When unsuccessful,
surgery can be considered to decompress neural structures
and stabilize the spine. Transforaminal lumbar interbody
fusion (TLIF) is one of the most common and effective treat-
ments which achieve the insertion of an interbody cage
packed with bone graft via the transforaminal approach.
Although the method can obtain satisfactory outcomes, iat-
rogenic complication, such as nerve injury and stripping of
paravertebral muscles that result in long-lasting sequela, can-
not be avoided1. The advent of minimally invasive tech-
niques provides an additional option to address morbidities
associated with open spinal surgery approaches2,3. Therefore,
minimally invasive techniques such as minimally invasive
transforaminal lumbar interbody fusion (Mis-TLIF) and
oblique lumbar interbody fusion (OLIF) have been increas-
ingly used4,5.

Mis-TLIF, first introduced in 2003, is a muscle-sparing
surgical approach for direct decompression of the neurologic
structure. It minimizes soft tissue disruption and spinal seg-
ment destabilization, thus leaving the smallest operative foot-
print while achieving the operative goal. The advantages are
lesser paraspinal muscle trauma, lesser perioperative blood
loss and pain, shorter hospitalization, and quicker postopera-
tive recovery, while demonstrating similar clinical results as
open TLIF6–9. Peng et al.10 demonstrated that although Mis-
TLIF is a more technically challenging technique compared
to open TLIF, it has similar good long-term clinical out-
comes and high fusion rates, with the additional benefits of
less initial postoperative pain, early rehabilitation, shorter
hospitalization, and fewer complications. OLIF, introduced
in 2012, is a retroperitoneal approach between psoas muscle
and large abdominal vessels that allows direct access to the
disc space, comprehensive disc clearance, and insertion of
large interbody cage. The advantages are that it can achieve
decompression indirectly, correct the coronal and sagittal
imbalance, reduce paraspinal muscle trauma, minimize blood
loss, and result in faster patient recovery with fewer compli-
cations11–14. Du et al.15 have performed a retrospective com-
parative study, and demonstrated that, compared with TLIF,
OLIF shows the advantages of less surgical invasion, better
decompression effect, and faster postoperative recovery in
single-level DLS surgery. Many comparative studies have

focused on the comparison of minimally invasive lumbar
interbody fusion with conventional open surgery and con-
firmed the superiority of minimally invasive surgery10,15,16.
However, few studies have compared the results of OLIF and
Mis-TLIF, and it is still controversial which type of mini-
mally invasive surgery is better for the treatment of lumbar
spondylolisthesis.

Further, one of the biggest obstacles of minimally inva-
sive spinal surgery is how to ensure the safety and accuracy
of the operation, especially the pedicle screw accuracy.
The severe misplacement rate of minimally invasive pedicle
screw studied by Schwender is up to 4.1%17. Screw misplace-
ment might lead not only to a decreased stability but also to
neurological, vascular, and visceral injuries. In addition, as
anatomic landmarks for placing pedicle screws and inter-
vertebral grafts are lacking, the minimally invasive technique
necessitates an obviously increased radiation exposure via
fluoroscopy for the patient, the surgeon, and entire staff in
the operating room. Robots may be ideal surgical assistants
in spinal surgery, as they can achieve superior levels of preci-
sion18, 19. In a meta-analysis focusing on the comparison of
the accuracies of robot-assisted and free-hand pedicle screw
insertion, 10 studies were included and analyzed. The study
showed that the robot-assisted technique is more accurate
than the conventional method20.

Theoretically, the combination of robot with OLIF and
Mis-TLIF could be safely and accurately performed as a min-
imally invasive procedure. To our knowledge, there has been
no previous study comparing the safety and effectiveness of
robot-assisted OLIF and Mis-TLIF technique. So, the main
purposes of this study include: (i) to observe the safety of
robot-assisted Mis-TLIF and robot-assisted OLIF
(e.g. whether it will be accompanied by obvious complica-
tions); (ii) to determine its short-term clinical effects, includ-
ing postoperative low back pain, leg pain, duration of
postoperative hospital stay, and other aspects of the interven-
tion effect; and (iii) to identify its long-term effects based on
postoperative functional recovery and the satisfaction of
patients as measured during follow-up.

Materials and Methods

Inclusion and Exclusion Criteria
The inclusion criteria were: (i) single-level grade 1 or 2 degen-
erative spondylolisthesis; (ii) presentation with mechanical
low back pain and radicular leg pain with more than
6 months of conservative treatment; (iii) 12 months follow-up.
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The exclusion criteria were: (i) cauda equina syndrome;
(ii) spinal tumor, infection, fracture, or previous surgery.

Patient Information
A total of 61 patients with single-level degenerative spo-
ndylolisthesis and treated between April 2018 to April 2020
were enrolled and evaluated retrospectively. Twenty-eight
patients were treated with OLIF (OLIF with robot-assisted
posterior percutaneous pedicle screws) and 33 were treated
with robot-assisted Mis-TLIF. The characteristics of patients
and individual data, including age, gender, surgical segments,
are shown in Table 1. Three senior chief physicians per-
formed the surgical treatment. The study was retrospective
and ethics committee approval was obtained from the ethic
committee at our hospital (Beijing Jishuitan Hospital).

Component of TiRobot System
As described in previous studies18, the TiRobot (Beijing Tinavi
Medical Technology) consists of an optical tracking device, a sur-
gical planning and controlling workstation, and a surgical robotic
arm. During operation, images obtained by C-arm are transferred
into the robotic workstation and 3-D images are created. Then,
surgeons design the screw trajectories on the robotic workstation.
Afterwards, the robotic arm with a guidance cannula on its end
automatically moves to the surgical field and guides the pin inser-
tion. A fluoroscopic scan is performed and followed by cannu-
lated or conventional screw placements if the optimal pin
trajectories are confirmed (Fig. 1).

TABLE 1 Perioperative comparison between OLIF and Mis-TLIF

Characteristics OLIF MIS-TLIF P

Number of patients 28 33
Age (Mean � SD, years) 50.4 � 16.0 53.6 � 13.5 0.399
Male 12 15 0.839
Female 16 18
IBM (Mean � SD, kg/m2) 24.9 � 3.9 24.1 � 3.0 0.350
Diabetes 5 9 0.384
Smoker 11 18 0.234
VAS for back 5.3 � 2.0 5.0 � 2.2 0.557
VAS for leg 4.9 � 1.6 4.6 � 1.8 0.562
ODI (%) 46.3 � 14.6 46.4 � 16.1 0.965
Level of fusion
L3/4 8 11 0.654
L4/5 19 19
L5/S1 1 3

Operation time (mins) 164.9 � 56.0 121.5 � 48.2 0.002*
Blood loss (mL) 142.4 � 89.4 291.5 � 72.3 0.000*
Day of hospital (d) 3.2 � 1.8 4.2 � 2.5 0.006*
Complication (n) 8 5
Satisfaction (%) 92.6 91.2 0.263
Fusion rate (%) 96.0 87 0.006*
Disc height (mm) 12.4 � 3.2 11.2 � 1.3 0.000*

Values are mean � SD. OLIF, oblique lateral lumbar interbody fusion; Mis-TLIF, minimally invasive transforaminal lumbar interbody fusion; BMI, body mass index;
Oswestry Disability Index; VAS, visual analog scale; SD, standard deviation; *P < 0.05, statistical significance.

Fig. 1 The TiRobot system. This system consists of an optical tracking

device, a surgical planning and controlling workstation, and a surgical

robotic arm.
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Surgical Techniques

Robot-Assisted Mis-TLIF
Step1: After induction of general anesthesia, the patient was
placed in a prone position on a carbon table.

Step 2: A percutaneous reference tracker was placed in
the spinal process. After scanning with C-arm, registration
was performed automatically, and the surgeons planned the
screw trajectories. The robot then steered toward the chosen
trajectory and indicated the entry point and direction. The
guiding cannula was placed onto the robotic arm and
approached the skin closely. Surgeons drilled the guidewires
through the guiding tube into the pedicle. A fluoroscopic
scan is performed to confirm the position of guidewires.

Step 3: Paramedian incisions 4–5 cm long were made
on the symptomatic side between the two guidewires.
Sequential soft tissue dilators were then inserted through the
incision down to the facet complex.

Step 4: Facetectomy, discectomy, bone grafting, and inter-
body cage placement were performed via tubular retractor.

Step 5: The pedicle screws were inserted percutane-
ously along the guidewires and fixation.

Robot-Assisted OLIF
Step 1: After induction of general anesthesia, the patient was
placed in lateral decubitus position on the right side. The
operating segment was marked on the skin via a C-arm
machine.

Step 2: A 5-cm skin incision was made 6–10 cm anterior
to the mid-portion of the marked disc. The intervertebral disc
was exposed through an open corridor between the psoas mus-
cle and aorta.

Step 3: After discectomy, an appropriate-sized cage filled
with demineralized bone matrix (DBM) was inserted11–14.

Step 4: Subsequently, the patient was placed in the
prone position, and percutaneous pedicle screw guidewires
were placed assisted by the robot with protocol identically to
step 2 of Mis-TLIF group.

Step 5: The pedicle screws were inserted percutane-
ously along the guidewires and fixation.

Clinical Outcomes
Clinical outcomes were assessed by an experienced clinical
research coordinator. Surgical data included the operation
time, blood loss, and length of postoperative hospital stay.
Functional data include visual analog scale (VAS) for back
pain and leg pain and Oswestry Disability Index (ODI).
These data were collected before surgery, at 1 weeks,
3 months, 6 months, and 12 months postoperatively.

Oswestry Disability Index (ODI)
Oswestry Disability Index (ODI) is a principal condition-
specific outcome measure used in the management of spinal
disorders, and to assess patient progress in routine clinical
practice21. It includes 10 sections: pain intensity, personal
care, lifting, walking, sitting, standing, sleeping, sex life,
social life, and traveling. For each section of six statements
the total score is 5. Intervening statements are scored
according to rank. If more than one box is marked in each
section, take the highest score. If all 10 sections are com-
pleted, the score is calculated as follows: total score out of
total possible score � 100. If one section is missed (or not
applicable) the score is calculated: (total score/(5 � number
of questions answered)) � 100%. A total of 0%–20% is con-
sidered mild dysfunction, 21%–40% is moderate dysfunction,
41%–60% is severe dysfunction, and 61%–80% is considered
as disability. A score of 81%–100% is either long-term bed-
ridden or exaggerating the impact of pain on their life.

Visual Analog Scale
The Visual Analog Scale (VAS) scoring system was used to
evaluate the pain level of patients. The VAS scoring system
is self-completed by the patient. Patients mark the location
on the 10-cm line corresponding to the amount of pain they
experienced. Zero is no pain and 10 is severest pain.

Radiographic Evaluation
Radiographs were taken preoperatively, at 1 week, 3 months,
and 12 months postoperatively. Assessment was done for
pedicle screw accuracy, disc height, and interbody fusion.

A B

Fig. 2 Average VAS scores for back and leg at baseline and four follow-ups in the OLIF group and Mis-TLIF group. (A) VAS score for back. There was a

significant difference between two groups at 1 week and 3 months post-operation (P < 0.05). (B) VAS score for leg. There was no significant

difference between the two groups.
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Accuracy of Pedicle Screw Placement
Pedicle screw accuracy was assessed on postoperative CT by
a radiologist according to the Gertzbein and Robbins scale22.
It is classified as grade A (screw completely within the pedi-
cle), grade B (pedicle cortical breach < 2 mm), grade C (ped-
icle cortical breach ≥2 to <4 mm), grade D (pedicle cortical
breach ≥4 to <6 mm), or grade E (pedicle cortical breach
≥6 mm). Grades A and B screw positions were considered
clinically acceptable.

Disc Height and Fusion Status
Disc height was defined as the distance at mid-position from
upper to lower endplate. Fusion status was defined as contin-
uous trabeculae bridging bone formation and no gap
between the vertebral endplate and the cage in the coronal
or sagittal planes, according to the Bridwell interbody fusion
grading system23.

Patient Satisfaction
Patient satisfaction evaluation was related to patient assess-
ment of the treatment effects of the surgery (focus on the
symptoms in the back and lower limbs). Patient satisfaction
included four grades: very satisfied, satisfied, neutral (fairly
satisfied), and dissatisfied. The questions were measured on a
four-point scale from “very satisfied” to “dissatisfied.”

Complications
Postoperative complications, including subsidence, vascular
injury, nerve injury, ureteral injury, incision-related compli-
cation, and fusion-related complication were recorded and
analyzed.

Statistical Analysis
Quantitative variables were expressed as mean standard �
deviation and qualitative variables were expressed in terms
of number and ratio. Continuous variables were evaluated by
pooled t-test. The categorical variables were performed by
Fisher exact test and Mann–Whitney test. SPSS 23.0 software
(IBM Corp., Armonk, New York, USA) was used for statisti-
cal analysis of data. P < 0.05 difference was statistically
significant.

Results

General Results
There were 28 OLIF patients and 33 Mis-TLIF patients
enrolled in this study. The perioperative comparison between
the two groups is shown in Table 1. The demographics for
OLIF and Mis-TLIF groups were comparably matched. The
mean age of patients in OLIF group and Mis-TLIF group
were 50.4 � 16.0 and 53.6 � 13.5, respectively (P = 0.399).
The mean BMI for OLIF and Mis-TLIF were 24.9 � 3.9 and
24.1 � 3.0, respectively (P = 0.350). Among the 28 OLIF
patients, 11 of them had smoking history compared to
18 from the Mis-TLIF group (P = 0.234). Five patients from
the OLIF group had history of diabetic mellitus while the
Mis-TLIF group had nine patients (P = 0.384).

Surgical Data
The average operative time for Mis-TLIF group was signifi-
cantly shorter than OLIF group (121.5 � 48.2 vs 164.9
� 56.0 min, P < 0.01). There was significantly less blood loss
(142.4 � 89.4 vs 291.5 � 72.3 mL, P < 0.01) and shorter hos-
pital stay (3.2 � 1.8 vs 4.2 � 2.5 days, P < 0.01) in OLIF
group compared with Mis-TLIF group (Table 1).

Visual Analog Scale
Preoperatively, there was no significant difference between
the OLIF and Mis-TLIF groups in back and leg pain VAS
scores. After surgery, both groups showed significant
improvement in clinical outcome scores during follow-up, as
compared with the preoperative values (Fig. 2). Back pain
VAS scores were significantly lower in the OLIF group than
that in the Mis-TLIF group at 1 week (2.8 � 1.2 vs 3.5 � 1.6,
P < 0.005) and 3 months postoperatively (1.6 � 1.0 vs 2.1
� 1.1, P < 0.005). But there was no significant difference
between the two group at further follow-ups. There was no
significant difference in the leg pain VAS scores in follow-
ups between the two groups (Fig. 2).

Fig. 3 Average ODI scores at baseline and four follow-ups in the OLIF

group and MIS-TLIF group. There was a significant difference between

the two groups at 3 months post-operation (P < 0.05). There was no

significant difference at other follow-ups.

TABLE 2 Pedicle screw accuracy according to the Gertzbein
and Robbins classification

Classification OLIF Mis-TLIF P

A 104 (92.9%) 120 (90.9%) 0.58
B 5 (4.7%) 7 (5.3%) 0.76
A + B 109 (97.3%) 127 (96.2%) 0.90
C 4 (3.6%) 3 (2.3%) 1.00
D 0 (0) 2 (1.5%) –

E 0 (0) 0 (0) –
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Oswestry Disability Index
Preoperatively, there was no significant difference between
the OLIF and Mis-TLIF groups in ODI score. After surgery,
both groups showed significant improvement in ODI scores
during follow-up, as compared with the preoperative values.
ODI score was also significantly lower in the OLIF group
than that in the Mis-TLIF group at 3 months (22.3 � 10.0 vs
26.1 � 12.8, P < 0.005), but there was no significant differ-
ence at other follow-ups (Fig. 3).

Accuracy of Pedicle Screw Placement
In the OLIF group, 92.9% of the screws were perfectly placed
(grade A); the remaining screws were graded B (4.7%) and C
(3.6%). In the Mis-TLIF group, 90.9% of the screws were
graded A; the remaining screws were graded B (5.3%), C
(2.3%), and D (1.5%). There was no significant difference in
the proportion of clinically acceptable screws (grades A and
B) between these two groups (97.3% vs 96.2%, P = 0.90)
(Table 2).

Disc Height and Fusion Rate
At the 1-year follow-up, the disc heights showed improvements
after surgery in both groups. And disc height was significantly
higher in the OLIF group than that in the Mis-TLIF group
(12.4 � 3.2 vs 11.2 � 1.3 mm, P < 0.01). Intervertebral fusion
was assessed according to the Bridwell grading system23.
The rate of complete fusion was significantly higher in the
OLIF group than that in the Mis-TLIF group at 1-year follow-
up (96.0% vs 87%, P < 0.01).

Patient Satisfaction
Patient satisfaction rate 1 year after surgery was more than
90% in both groups, and there was not significant difference
between the OLIF group (92.6%) and Mis-TLIF group
(91.2%) (P = 0.234).

Complications
In Mis-TLIF group, there were two surgical site infections
which were treated with wound debridement and antibiotics.

Fig. 4 A 53-year-old woman with lumbar degenerative spondylolisthesis (L4/5) underwent robot-assisted Mis-TLIF surgery. (A, B) Preoperative X-ray

films showing lumbar degenerative spondylolisthesis (L4/5). (C) Preoperative CT image showing lumbar degenerative spondylolisthesis.

(D) Preoperative T2WI sagittal MR image showing spondylolisthesis and spinal canal stenosis. (E, F) One-week postoperative X-ray films showing

excellent vertebral reduction and pedicle screw position. (G) One-year postoperative CT image showing interbody fusion has been achieved. (H) One-

year postoperative CT transverse images showing the precise position of the pedicle screws.
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Two patients had CSF leaks that were treated conservatively
and recovered in 2 weeks. Three patients complained of leg
pain/numbness, treated with neurotrophic drugs and non-
steroidal anti-inflammatory drugs (NSAIDs), and the symp-
toms resolved within the first 3 months (Fig. 4). In the OLIF
group, there were no abdominal, urologic or intraoperative
vascular injuries (Fig. 5). Four patients had sympathetic
injury and three patients had transient thigh flexion weak-
ness/numbness, which were transient in nature and
improved with observation at the 3-month follow-up.

Discussion

The advent of minimally invasive techniques such as OLIF
and Mis-TLIF provides an additional option that seeks

to minimize surgical trauma24. But many previous compara-
tive studies have focused on the comparison of minimally
invasive lumbar interbody fusion with conventional open
approaches. However, few studies have compared the results
of OLIF and Mis-TLIF. Lin et al. performed a retrospective
comparison study and demonstrated that OLIF achieved

equivalent clinical and radiologic outcomes, with less blood
loss, shorter operative time, better restoration of disc height,
and earlier time to fusion compared with Mis-TLIF25. But a
meta-analysis conducted by Li found that the OLIF group
showed advantages in operative blood loss and operative
time; however, the incidence of complications was greater
than that in the Mis-TLIF group26. So, it is still controversial
which type of minimally invasive surgery is better for the
treatment of lumbar spondylolisthesis. Further, robots may
be ideal surgical assistants in orthopaedic surgery, as they
can achieve superior levels of precision. To our knowledge,
there has been no previous study comparing the safety and
effectiveness of robot-assisted OLIF and Mis-TLIF technique.
So, the aim of the present study was to compare the safety
and effectiveness of robot-assisted Mis-TLIF and OLIF for
the treatment of single-level LDS.

Better Early Lumbar Function in OLIF Group
Postoperative pain relief and lumbar function recovery were
the main focus of both the surgeons and patients. In this

Fig. 5 A 66-year-old woman with lumbar degenerative spondylolisthesis (L4/5) underwent robot-assisted OLIF surgery. (A, B) Preoperative X-ray films

showing lumbar degenerative spondylolisthesis (L4/5). (C) Preoperative CT image showing lumbar degenerative spondylolisthesis. (D) Preoperative

T2WI sagittal MR image showing spondylolisthesis and spinal canal stenosis. (E, F) One-week postoperative X-ray films showing excellent vertebral

reduction and pedicle screw position. (G) One-year postoperative CT image showing interbody fusion has been achieved. (H) One-year postoperative

CT transverse images showing the precise position of the pedicle screws.
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study, patients in both groups experienced high mean
improvements from their preoperative ODI and VAS scores
at each time point postoperatively, confirming that both
treatment options are efficacious in treatment for
degenerated lumbar spondylolisthesis. We found that back
pain VAS scores were significantly lower in the OLIF group
than that in the Mis-TLIF group at 1 week and 3 months
postoperatively. ODI score was also significantly lower in the
OLIF group than that in the Mis-TLIF group at 3 months.
Further, the patients who underwent OLIF had less
intraoperative blood loss, shorter hospital stay than patients
who received Mis-TLIF. This means that the short-term
(3 months) postoperative pain and lumbar function in the
OLIF group were superior to the Mis-TLIF group, although
there were no significant differences in long-term follow-up.
The reasons may be as follows: (i) less damage to paraspinal
muscles and facet joints was found in the OLIF group, so
low back pain and lumbar function were better than the
Mis-TLIF group at the short-term follow-up; (ii) OLIF sur-
gery did not open the spinal canal and had little stimulation
to spinal nerve roots. In this study, the operation time in the
OLIF group was longer than that in the MIS-TLIF group.
That may be because OLIF requires the position change for
posterior screwing.

Higher Disc Height by OLIF
At 1 year, the OLIF group had a higher disc height than the
Mis-TLIF group (12.4 � 3.2 vs 11.2 � 1.3 mm, P < 0.001).
The reasons may be as follows: (i) in OLIF group, a large
cage with a degree of inclination angle was implanted into
the intervertebral space, while in Mis-TLIF group, only a
small cage could be implanted through the narrow operating
space; (ii) the wide cage in OLIF group allows it to rest on
the hard epiphyseal ring around the vertebral body, rather
than on the relatively weak area of the cortical bone in the
central depression of the endplate; (iii) in this study, most of
Mistily surgery, mainly one side of the paravertebral muscle,
lamina, and the facet joints were removed while the contra-
lateral side was partially preserved, so the intervertebral
space may not be effectively extended, especially for patients
with severe facet joint degeneration or even facet joint
fusion.

Higher Fusion Rate by OLIF
In this study, the rate of complete fusion was significantly
higher in the OLIF group than that in the Mis-TLIF group at
1-year follow-up. We thought the reasons may be as follows:
(i) in OLIF group, the intervertebral discs were more
completely removed, and the cartilage endplate was more
completely scraped. This would create a better graft bed for
fusion than the Mis-TLIF group; (ii) in the OLIF group, the
cage was bigger, which means that the bed for bone graft
was bigger; (iii) in the OLIF group, the structure of the spine
segment was less damaged, so it was relatively more stable.

Pedicle Screw Accuracy and Role of Robot
The placement of appropriate instrumentation to supple-
ment bony fusion is critically important in spinal surgery.
Robotic assistance theoretically increases accuracy in spinal
surgery by ensuring that the placements follow the planned
trajectories. Hence, we present the TiRobot system, which is
a multi-indication orthopaedic surgical robot that can be
used for all levels of spinal instrumentation and pelvic,
acetabular, and limb fracture surgeries27, 28. The robot allows
clear visualization of the three-dimensional spinal anatomy,
which enables the surgeon to choose the optimal entry point
and trajectory for pedicle screw placement. Moreover, the
surgeons can use the navigation software to choose the opti-
mal diameter and length of the pedicle screws, thereby
reducing the rate of screw-related complications. In this
study, we found that the accuracy of robot-assisted pedicle
screw was very high in both groups (OLIF, 97.3% vs Mis-TLIF,
96.2%, P = 0.90), and there was no screw misplacement-associ-
ated complications.

Complications
Segmental artery injury and transient thigh numbness were
common complications in the OLIF group, because the lum-
bar plexus, lumbar sympathetic trunk, and segmental artery
are all located laterally in front of the lumbar vertebrae and
susceptible to being irritated or injured13, 14. In this study,
four patients had sympathetic injury and three patients had
transient thigh flexion weakness/numbness, and all recovered
within the first 3 months. The main complications of TLIF
were nerve root stimulation or injury and dural tear7–9. In
this study, there were two surgical site infections, two
patients had small CSF leaks, and three patients complained
of leg pain/numbness. All these patients were treated conser-
vatively and recovered within the first 3 months. Differently
from previous study25, we found no significant difference in
complication rate between the two groups. It may be because
these complications are very related with surgical experience.
In this study all the surgeons are experienced with relatively
few complications. This result also indicated the safety of the
two surgical methods for degenerative spondylolisthesis.

Limitations

Some limitations should be considered when interpreting
our data. First, the retrospective design might lead to

selection bias and the small sample size might reduce the
stringency of our result. Second, this was a single-center
study with small sample size. Third, the follow-up time was
limited to 1 year, which may be not long enough. Further
prospective, long-term studies involving a large sample size
are required to confirm our findings.

Conclusion
In conclusion, this study showed that robot-assisted OLIF
and Mis-TLIF both have similar good clinical outcomes, but
OLIF has the additional benefits of less blood loss, less hospi-
tal stays, higher disc height, and higher fusion rates. Both
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groups have a higher pedicle screw accuracy. Robots are an
effective tool for minimally invasive spine surgery.
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