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Abstract
Aim: The purpose of this study was to review a single surgeon’s preliminary experiences with minimally invasive 
single lateral position anterior-to-psoas lumbar interbody fusion with multiple techniques of percutaneous pedicle 
screws and present perioperative results and complication rates.

Methods: After obtaining Institutional Review Board approval, thirty-five consecutive patients undergoing, in 2018-
2020, single position lateral interbody fusion with posterior fixation after obtaining written informed consent. 
Pedicle screw accuracy, screw-related complications, overall and segmental lumbar lordosis, intraoperative data, 
perioperative complications, and Visual Analog Pain Scale (VAS) at 6 months follow-up were collected.

Results: One hundred sixty-nine pedicle screws were placed in 35 patients with a 95.3% accuracy rate. 6/7 
breaches measured < 2 mm. No complications or reoperations were performed in relation to screw malposition. 
Mean preoperative overall lumbar lordosis was 45.6° ± 12.5° (range, 19°-71°), and 50.3° ± 9.6° (range, 25°-67°) at 
6 months follow up. Mean preoperative VAS scores were 7.3 ± 1.2 (range, 5-10) and 7.3 ± 1.3 (range, 5-10) for the 
back and leg, respectively and at 6 months follow up, 2.6 ± 2.3 (range, 0-7) and 2.6 ± 2.2 (range, 0-7) for the back 
and leg, respectively. The mean total operative time was 152.2 ± 54.8 min (range, 80-320 min).
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Conclusion: Single lateral position antepsoas lumbar interbody fusion with bilateral percutaneous pedicle screws 
and rod fixation report comparable screw accuracy rates, operative times, and lordosis correction with the 
published literature. This modified technique eliminates the resources and time related to intraoperative prone 
repositioning and may lead to significant cost savings.

Keywords: Lumbar interbody fusion, extreme lateral interbody fusion, pedicle screw, computer-assisted navigation, 
minimally invasive surgery

INTRODUCTION
Non-specific back pain due to degenerative lumbar disorders significantly reduces patient function, 
increases pain scores, and impair quality of life[1,2]. Lumbar interbody fusion (LIF) surgery has been widely 
used as a viable option in treating lower back pain and associated neurological disorders refractory to 
conservative treatment[3,4]. Several options for open and minimally invasive surgical LIF include posterior or 
transforaminal lumbar interbody fusion (P/TLIF) or anterior lumbar interbody fusion (ALIF)[5,6].

Recently, a more minimally invasive, lateral lumbar interbody fusion (LLIF) is attracting attention with two 
main approaches; the transpsoas, direct LIF, and anterior-to-psoas, oblique LIF[7,8]. Although these LLIF 
approaches have not yet gained universal acceptance, early results show similar advantages to ALIF due to 
its large intervertebral spacer providing restoration of alignment and effective indirect neural 
decompression. The LLIF approaches also significantly mitigate the many approach-related visceral, 
vascular, and reproductive complications seen in ALIF[9-15].

LLIF traditionally requires intraoperative patient repositioning from the lateral decubitus to the prone 
position to complete supplementary posterior instrumentation with bilateral pedicle screws[16]. 
Repositioning requires additional prepping, draping, and room positioning, which may significantly 
increase costs, operative time, risk of contamination, possible graft migration, and anaesthesia related 
complications[17-20]. Furthermore, the lateral position tends to be better tolerated by patients compared to 
prone surgery and avoids many of the major complications associated with the prone position, such as 
postoperative vision loss, cardiac arrest/complications, reduced pulmonary compliance, and nerve 
palsies[21-23].

Theoretical concerns regarding lateral position bilateral pedicle screw insertion have been raised, namely 
inadequate correction of lumbar lordosis as well as difficulty with pedicle screw placement[24-26]. However, 
several radiographic studies have reported unchanged lumbar lordosis between the prone and lateral 
positions after LLIF[27,28].

The literature regarding single position LLIF with posterior fixation is increasing, but it has not been 
adopted universally yet[29]. The purpose of this study was to review a single surgeon’s preliminary 
experiences with single lateral position anterior-to-psoas lumbar interbody fusion with different techniques 
of bilateral percutaneous pedicle screws and present perioperative results and complication rates.

METHODS
A retrospective review of collected data was performed on 35 consecutive patients who underwent single-
position antepsoas LIF with bilateral percutaneous pedicle screws and rod fixation at a single institution 
during October 2018 to February 2020. Informed consent was obtained from all patients prior to the 
procedure and once again confirmed at their 6-month follow-up appointment. After obtaining institutional 
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review board (IRB) approval, we reviewed the patients’ medical records, spinal radiographs, computer 
tomography (CT), and magnetic resonance imaging (MRI). Patient demographics, lumbar pathology, 
comorbidities, and the lists of surgical managements performed, including past, index, and subsequent 
operations, were recorded. Surgical details such as the operative technique, number of operative levels, total 
operative time, perioperative complications, reoperation, and length of hospital stay were noted.

Surgical indication was patients who presented with severe back and/or radiculopathy that was refractory to 
a trial of conservative treatment, including physical therapy, non-steroidal anti-inflammatory medication, 
narcotics, and steroid injections. Inclusion criteria were patients over the age of 18 undergoing single lateral 
decubitus position antepsoas lateral lumbar interbody fusion with bilateral percutaneous screws for any 
degenerative lumbar pathology [Figure 1]. Exclusion criteria included patients with inadequate preoperative 
imaging available for review and those undergoing combined procedures such as a direct posterior 
decompression or transforaminal lumbar interbody fusion. All operations were performed by a single 
surgeon (John Choi), and as such slight selection bias was present.

Surgical technique
Patient positioning
Patient is positioned in the lateral decubitus position with the left side up one-fourth the way from the 
surgeon on a flat Jackson table. The hip is positioned at the break of the operating table and gently flexed to 
relax the psoas muscle and femoral nerve. A pillow is placed between the knees, the taping of the lower 
pelvis and the uppermost hip and femur is performed to stabilise the spine and allow gentle traction of the 
pelvis. Anteroposterior fluoroscopy is used to ensure that the spine is not rotated, and lateral fluoroscopy is 
performed to ensure that the disc space is perpendicular to the floor. Care is then taken to further stabilise 
the patient in the lateral decubitus position with padding of the extremities and the chest, and the skin 
overlying the disc spaces are marked.

Optimal patient positioning is vital for single position LLIF; positioning too far from the table’s edge can 
limit the surgeon’s ability to drop their hand low enough to medialise the downside pedicle, whilst 
positioning too close to the table can cause interference with the lateral fluoroscopy. Similar to 
Blizzard et al.[17], a location one-fourth the way across the bed from the surgeon was chosen[17]. Additionally, 
slightly rotating the table allowed the surgeon to more appropriately drop their hand and medialise the 
downside pedicle screw while also bringing the peritoneal sac further away from the spine and psoas and 
aiding in the anterior dissection.

Antepsoas lumbar interbody fusion
Modified surgical technique for the antepsoas lumbar interbody fusion described by Silvestre et al.[11] was 
used in our study[11]. A 4 cm skin incision of the lateral abdomen, centred on the spinal segment and parallel 
to the external oblique muscle fibres, was made. Abdominal wall muscles were then dissected with a muscle-
splitting approach, and the retroperitoneal space was accessed by blunt dissection. The anatomical oblique 
lateral corridor was exposed by the anterior mobilisation of the peritoneal contents and careful retraction of 
the psoas muscle.

Radiolucent spine-mounted retractor systems with direct illumination were used to expose and visualise the 
intervertebral disc. Fluoroscopy was performed to confirm the proper spinal level and a discectomy centred 
on the anterior half of the disc space was then completed. Disc removal and contralateral annulus release 
with a cobb dissector provided the potential for placing a large implant resting on both lateral margins of 
the epiphyseal ring, and maximising endplate support. Endplates were prepared to expose the subchondral 
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Figure 1. Patient 24. Treatment of degenerative spondylolisthesis of L4/5. (A) Preoperative lateral radiograph, (B) preoperative mid-
sagittal magnetic resonance imaging slice, (C) preoperative coronal slice at pathology, (D) postoperative lateral radiograph.

bone, and interbody cage was appropriately sized. Standard lateral cage was inserted across the disc space to 
gaining bilateral cortical endplate coverage.

Due to the mobility of the abdominal wall, up to three intervertebral discs could be approached using the 
same 4 cm incision by utilising the “sliding window” technique. However, in some cases with more than 
two levels, the surgeon split the deeper two muscles twice, having extended the external oblique split to 
access the disc space.

Bilateral percutaneous pedicle screws
After interbody cage placement, posterior bilateral pedicle screw fixation was performed by either 
fluoroscopy, CT navigation, or robot-assisted techniques, all of which have been previously described in the 
literature[17,30,31]. The method of pedicle screw placement was carefully planned preoperatively and agreed 
upon by the informed decision of the patient and surgeon’s discretion.

For fluoroscopy-guided pedicle screws, anteroposterior (AP) radiographs were taken to mark the lateral 
borders of the pedicle, and a lateral view was shown to mark the centre of the pedicles. Percutaneous 
exposure was made by a small stab incision 2 cm lateral to the lateral border of each pedicle. Pedicle access 
needle was inserted by tactile feedback at the junction of the superior articular process and transverse 
process, and then cannulated by using alternating AP and lateral fluoroscopy. K-wires were then inserted 
and used to confirm the intact walls of the pedicle, and an appropriately sized pedicle screw was placed over 
the wires. Careful attention was given throughout this process to maintain medial angulation adequately.

For the CT-navigated system, pedicle screw trajectories were firstly planned preoperatively. 
Intraoperatively, a dynamic reference base and surveillance markers were placed, and an intraoperative CT 
was performed to obtain the image coordinate system. By utilising the navigation system, the skin over the 
pedicle screws was marked, and a small stab incises 2 cm lateral to the border of the pedicle was made. The 
junction between the transverse process and superior articular process was found by blunt dissection, and 
the pedicle was tapped and drilled under navigation guidance. Pedicle screws were then inserted using CT 
navigation with the previously planned trajectories.
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For patients opting for robot-assisted pedicle screw insertions, a 3rd generation floor mounted robot 
(ExcelsiusGPS, Globus Medical, Inc. Audubon, PA, USA) was utilised. Similar to the CT navigation system, 
a dynamic reference base and surveillance markers were placed, and the image coordinate system was 
obtained from a portable intraoperative CT. From there, pedicle screw trajectory planning was performed. 
A surgeon-controlled foot pedal was then used to activate and position the robot arm to the planned pedicle 
trajectory. Small stab incisions were used, and guide holes were created and tapped. Pedicle screws were 
then inserted by the surgeon under assistance from the robotic arm.

After the insertion of the pedicle screws, a rod was passed percutaneously and secured the pedicle screw 
head using torque-limiting locking caps. Intraoperative fluoroscopy was then utilised to verify the pedicle 
screw, interbody spacer, and rod position.

Outcomes 
CT scans were routinely obtained 6 months postoperatively to assess fusion and hardware placement and 
integrity. Screw accuracy was evaluated using the technique seen by Spitz et al.[32], where screw breaches 
were graded based upon the magnitude and direction of the breach; A = 0-2 mm, B = 2-4 mm, C ≥ 4 mm[32]. 
Lumbar lordosis (L1-S1) was obtained by preoperative and 6 months follow-up anteroposterior and lateral 
radiographs[33]. All radiographic outcome measures were reviewed by an independent orthopaedic fellow 
(Mehul Sakar).

Visual Analog Pain Scale (VAS) for the legs and/or back was recorded preoperatively and at 6 months 
follow-up.

Statistics
Data were presented as mean ± SD (range). Statistical analysis included descriptive statistics, and two-tailed 
paired t-test or Mann-Whitney U test (if non-normally distributed) was used. A P value of < 0.05 was 
defined as statistically significant. Data distributions were evaluated using the Shapiro-Wilks test.

RESULTS
Patient characteristics and results are presented in Table 1. Thirty-five patients (17 males and 18 females) 
with a mean age at surgery of 69 years (46-87 years) were included in this study. All patients were followed 
up for a minimum of 6 months after surgery. The mean body mass index (BMI) was 31.9 (22.0-50.9), and 
26% of the cohort had a history of smoking whilst 17% had diabetes. Most of the patients had no previous 
lumbar spine surgery (83%), and those that did had either a laminectomy (9%), microdiscectomy (5%), or 
PLIF (3%).

Surgical data are presented in [Table 2]. The primary indication for surgery in our cohort included 
spondylolisthesis (46%), degenerative disc disease (44%), stenosis (5%), and scoliosis (5%). A total of 51 
lumbar intervertebral disc levels were operated on, with 23 patients undergoing single-level surgery, 8 
undergoing two-level fusions, and 4 undergoing three-level fusions. The most common spinal level treated 
was L4/5 (22 patients), followed by L5/S1 (21 patients), L3/4 (15 patients), and L2/3 (2 patients). The mean 
total operative time was 152.2 ± 54.8 min (80-320 min), and the mean length of hospitalization was 5.3 ± 1.7 
days (3-9 days).

A total of 169 pedicle screws were placed; 72 screws using fluoroscopy, 10 screws with CT navigation, and 
87 with robot assistance. Different techniques were used for pedicle screws placement in part due to the 
surgeon transitioning from navigation use to robot-assisted technique. Also, fluoroscopic guided 



Page 6 of Choi et al. Mini-invasive Surg 2021;5:43 https://dx.doi.org/10.20517/2574-1225.2021.7314

Table 1. Patient information

Screw 
accuracy

Overall 
LL

Segmental 
LL

B U D

Age 
(years) 
/Sex

BMI Pathology Operative 
levels*

BPS 
technique

OR time 
(min)

LOS 
(days)

NB A
M L M L

Pre F/U Pre F/U

Pre VAS 
(back/leg)

Postop VAS 
(back/leg) Comment

1 64/F 40.2 SL L4/5 Fluoro 135 5 4 44 50 19 22 6/6
b

2 71/F 38.3 SL, DDD L3-S1 Fluoro 272 9 8 39 54 31 40 7/9 3/4

3 60/F 37.5 DDD L4/5 Fluoro 100 8 4 29 44 16 20 8/8 2/2

4 84/M 26.7 DDD L3-L5 Fluoro 172 6 6 50 47 32 32 6/6 4/0 L5 fracture, recurrent 
symptoms, reoperation

5 65/F 28.5 SL L4/5 Fluoro 152 3 4 52 55 20 20 8/8 4/4

6 85/M 25.8 SL, ST L4/5 Fluoro 120 5 4 46 57 21 23 5/5 0/0

7 76/M 35.2 SL L5/S1 Nav 164 5 4 55 59 20 24 8/8 6/6 Partial cage protrusion

8 73/F 25.0 SL, DDD, 
ST

L3-L5 Fluoro 129 5 6 52 55 31 33 6/6 5/5 Transient neuralgia

9 76/M 29.4 SL L4/5 Fluoro 134 7 4 43 40 -8 5 -/5 -/0 Delirium, pneumonia

10 87/F 33.7 DDD L4-S1 Nav 115 6 6 40 47 13 17 7/7 5/5 Persistent symptoms, R/O of 
cage

11 77/M 22.0 SL, DDD L5/S1 Fluoro 130 6 4 40 57 11 25 6/6
b

Transient neuralgia

12 61/M 30.0 DDD, SC L4/5 Fluoro 154 3 4 45 50 16 18 8/8 3/1 Transient neuralgia

13 72/F 25.1 SL L4/5 R 158 6 4 56 56 20 20 -/8 -/4 Persistent symptoms, 
microdiscectomy (L4/5), new 
onset AF

14 79/F 33.1 SL, DDD, 
SC

L5/S1 R 172 3 4 56 56 25 29 8/8 2/2 Transient neuralgia

15 62/M 33.3 DDD L3-S1 R 320 5 8 30 46 30 38 6/6 6/3

16 60/M 38.0 SC L2/3 Fluoro 135 3 4 28 40 6 6 8/8 2/2

17 66/M 30.1 SL L4/5 R 95 4 4 59 59 25 36 8/8 0/0

18 72/M 29.9 DDD L3/4 R 101 4 4 50 50 9 11 6/6 0/0

19 79/M 31.8 DDD L3-L5 R 195 6 6 22 25 14 14 7/7 4/4

20 69/F 40.0 DDD L4-S1 R 297 6 4 1 1 35 45 25 36 8/8 5/5 Transient neuralgia - left leg

21 70/M 22.2 ST L3/4 Fluoro 80 4 4 46 46 12 14 8/8 2/2

22 72/M 28.7 DDD L5/S1 Fluoro 175 3 4 47 60 13 34 6/6 0/0

23 76/F 30.2 DDD L2/3 R 135 9 4 22 25 1 2 10/10 1/1 New onset of back pain, 
microdiscectomy (L4/5, 
L5/S1)

24 61/F 34.9 SL L4/5 R 130 6 4 60 67 24 32 6/6 1/1
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25 77/M 34.9 DDD L3/4 Fluoro 95 6 4 63 63 12 20 10/10 1/1 Transient neuralgia

26 66/F 36.2 DDD, ST L3-S1 R 170 9 5 3 1 2 42 44 40 41 8/8 7/7 Postoperative fall, recurrent 
symptoms, plan for reoperation

27 72/M 29.7 DDD L3-S1 R 230 5 6 1 1 2 59 55 50 48 6/6 2/2 Persistent left leg/back pain, 
SIJ fusion

28 75/M 27.7 DDD L3/4 Fluoro 105 7 4 53 59 12 16 8/8 1/0 Urosepsis, delirium

29 60/F 27.5 DDD L3-L5 Fluoro, R 177 4 5 1 1 19 33 0.75 12 5/5 0/1

30 46/F 38.7 SL L3/4 Fluoro 118 5 4 54 54 10 10 8/- 2/- Wound infection

31 63/F 25.9 SC L3-L5 Fluoro, R 130 4 6 57 57 19 28 8/8 0/4

32 59/M 29.4 ST L3/4 R 145 4 4 38 46 7 9 8/8
b

33 62/F 28.7 SL L5/S1 R 110 4 4 71 57 35 22 8/8 0/0

34 61/F 50.9 SL L4/5 R 147 7 4 51 24 51 26 9/9 7/7 Respiratory distress, prolonged 
ICU stay

35 74/F 28.7 SL, ST L4/5 R 130 6 4 49 56 10 16 7/7 5/5

*Interbody cage and bilateral pedicle screws. bVAS unable to be found. M: Male; F: female; BMI: body mass index; SL: spondylolisthesis; DDD: degenerative disc disease; ST: stenosis; SC: scoliosis; L: lumbar vertebral 
body; S: sacrum; BPS: bilateral pedicle screw; Fluoro: fluoroscopy; Nav: CT navigation; R: robot assisted; OR: operating room; LOS: length of stay; NB: no breach; A: Spitz grade A breach (< 2 mm); B: Spitz grade B 
breach (2-4 mm); U: upside screw; D: downside screw; M: medial breach; L: lateral breach; Pre: preoperative; F/U: follow-up; Postop: postoperative.

percutaneous pedicle screw placement was used in two patients due to robot malfunction and in the other cases due to the surgeon’s preference. It is important 
to note that all the techniques can be readily used depending on the availability of the equipment. Six months follow-up CT scans were obtained from 35 
(100%) patients. 95.3% of screws were successfully placed with no breaches, and 7 total screw breaches were identified (4.7%); 6 were graded A breaches (< 
2 mm), 1 grade B (2-4 mm) [Figure 2], and 0 grade C (> 4 mm) breaches; it showed no statistically significant difference with P = 0.14. Of the 7 breached 
screws, 6 were downside/right-hand side screws, all with lateral breaches, and a medial breach was observed for the 1 upside/left-hand side screw [Table 3]. 
Based on the surgeon’s discretion, 2/87 robot-assisted screws were manually repositioned, both of which were later identified as breaches. In our series, all 
breach screws were placed with robot assistance, and a clear trend of lateral breach laterality is seen in the downside screws. In our cohort, no complications 
were reported due to screw placement, and revision surgery was not performed due to screw malposition.

Overall lumbar lordosis improved significantly from 45.6° ± 12.5° (19°-71°) preoperatively to 50.3° ± 9.6° (25°-67°) at 6 months follow up (P < 0.001). Similarly, 
segmental lumbar lordosis significantly increased for one-level and two-level lumbar fusions, from 14° ± 9° (-8°-35°) to 19° ± 9° (2°-36°) (P < 0.004) and 19° ± 
11° (0.5°-32°) to 25° ± 10° (12°-36°) (P = 0.03), respectively at 6 months follow up. For three-level fusions, segmental lordosis did not significantly change (P = 
0.23) [Table 4].
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Table 2. Surgical data

Parameter Overall

Primary pathology n (%)

Spondylolisthesis 16 (46%)

Degenerative disc disease 15 (44%)

Scoliosis 2 (5%)

Stenosis 2 (5%)

Number of levels treated n (%)

1 23 (67%)

2 8 (22%)

3 4 (11%)

Operative time (min), mean ± SD (range) 152.2 ± 54.8 (80-320)

Hospital stay (days), mean ± SD (range) 5.3 ± 1.7 (3-9)

Future operations

Microdiscectomy 2

Cage removal 1

Sacroiliac joint fusion 1

Table 3. Screw accuracy

Upside pedicle Downside pedicle
Breach grade No. of screws

Medial Lateral Medial Lateral

No breach 162 (95.3%)

Grade A 6 (4.7%) 1 5

Grade B 1 (0%) 1

Grade C 0 (0%)

P = 0.14, represent the comparison between upside and downside pedicle screws.

Table 4. Lumbar lordosis

Overall LL One level segmental LL Two level segmental LL Three level segmental LL

Preoperative 45.6° ± 12.5° 14° ± 9° 19° ± 11° 38° ± 9°

Postoperative 50.3° ± 9.6° 19° ± 9° 25° ± 10° 42° ± 4°

P value* < 0.001 < 0.004 < 0.03 = 0.23

*Two tailed paired t-test. LL: Lumbar lordosis.

Mean VAS scores for back and leg significantly improved after the index operation, from 7.3 ± 1.2 (5-10) to 
2.6 ± 2.3 (0-7) (P < 0.001) and 7.3 ± 1.3 (5-10) to 2.6 ± 2.2 (0-7) (P < 0.001), respectively at 6 months follow 
up. Unfortunately, 3 postoperative patients reported VAS scores were unable to be found.

Postoperative pain unrelated to pedicle screw placement included persistent symptoms in 3 patients. Patient 
10 experienced complete resolution of back pain but continued to suffer significant leg symptoms 
postoperatively due to an unexpanded hyperlordotic cage. This cage was subsequently removed. Patient 13 
experienced no improvement in back or leg pain and underwent a microdiscectomy and posterior 
decompression during the follow-up period. Patient 27 reported left leg and back pain 3 months 
postoperatively, and a sacroiliac joint fusion was conducted. Patients’ complications are summarized in 
Table 1.
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Figure 2. Patient 27. Grade B (2-4 mm) of right hand downside L3 pedicle screw. (A) Postoperative coronal computerized tomography 
slice, (B) postoperative sagittal computerized tomography slice.

Other complications included delays of the transfer due to bed shortages at rehabilitation centres (6), 
pneumonia (1), respiratory distress (1), prolonged intensive care unit stay (1), delirium (2), new-onset atrial 
fibrillation (1), wound infection (1), urinary tract infection (1) and urosepsis (1).

DISCUSSION
Providing high-quality, value-based treatments is essential for the patient’s benefit and sustainability of 
healthcare systems. Alternative forms of surgical techniques with low operative times and procedural 
morbidities decrease hospital costs, shorten recovery times and improve patient experiences[34-36]. 
Traditionally, the prone position is utilized by spine surgeons to gain access to the spinal column[21-23]. 
Recently, there has been increasing interest in completing LLIF in the single lateral position, and reports of 
reduced operative times and consequent cost reductions have been made[17,18,37]. This study builds on the 
previous work of Blizzard et al.[17] and Ziino et al.[18], and found favourable outcomes for primary endpoints 
including, screw accuracy, complication rates, surgical efficiency, and lordosis correction.

Pedicle screw misplacement rates for conventional prone position techniques vary greatly in the literature, 
ranging from 5% to 41%[38-42]. It represents the significant heterogeneity in the radiographic modalities and 
grading schemes used in studies to assess screw accuracy. Breach rates of 1.5% to 14.3% were found when 
the literature was limited to studies investigating screw accuracy rates with postoperative CT imaging[17]. 
Currently, some papers have assessed pedicle screw accuracy in single position LLIF, and Blizzard et al.[17] 
reported an overall breach rate of 5.1%, with 1.2% of screws between 2-4 mm, whilst Sellin et al.[30], reported 
a 14% (2/14) overall breach rate in their 4 patient case series. Although there is no comparison cohort in the 
current study, the 4.7% overall breach rate and 0.7% grade B (2-4 mm) breach rate is consistent with the 
published literature. Moreover, the surgeon used the different techniques available, including robots, 
navigation, and fluoroscopic guided percutaneous pedicle screws. It can be helpful as robots and navigation 
are unable to use in every operating theatre in the world.
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Theoretical concerns regarding the medialization of downside pedicle screws during single position LLIF 
with posterior fixation have been raised. In this study, 6/7 breaches were identified on the downside screw 
with lateral laterality, which contrasts the lack of clear trends seen by Blizzard et al.[17]. Comparatively, 
Hiyama et al.[43] found that all breaches occurred on the lateral side. These results may validate the concerns 
of the surgeon’s potential inability to drop their hands low enough for lateral position screw insertion. 
However, it must be noted that all breaches in this study occurred with the robot-assisted technique, and no 
breaches were found for the navigation or fluoroscopy-guided pedicle screw. It indicates that accurate 
downside screw placements with adequate medialisation can be established in the lateral position. This 
discrepancy between techniques can possibly be explained by the live intraoperative assessment and 
corrections that are made during fluoroscopic screw insertion. It could also be due to the movement of the 
dynamic reference base of the robot. Furthermore, the surgeon’s familiarity with the prone fluoroscopic 
percutaneous pedicle screw technique may allow them to readily adapt the technique for the lateral position, 
similar to Blizzard et al.[17], we did not appreciate a significant learning curve for the technique.

Huntsman et al.[31] reported on the feasibility of single position robot-assisted pedicle insertion, although all 
the breaches of our study were associated with the robot, only 8% of robot-assisted screws were breach, with 
1% of the breaches being greater than 2 mm. These results remain comparable with the literature as breach 
rates of 3 mm or greater, ranged from 3.7% to 9.7% for fluoroscopic prone position pedicle screw 
insertions[17]. Similar to the fluoroscopic technique, there was no apparent learning curve associated with the 
robot-assisted technique, and pedicle screw placement is controlled and performed by the surgeon’s 
discretion and guidance. Regardless of the technique utilized for single lateral position pedicle screw 
insertion after LLIF, our pedicle screw accuracy rates are consistent with the published literature.

Due to inconsistent criterion amongst surgeons, screw-related complication and reoperation rates are 
difficult to interpret amongst the published literature. Misplaced pedicle screws may result in significant 
injury to the nerve roots, spinal cord, vasculature, viscera, or cardiopulmonary system, all of which are 
potential threats to limb and life[42-45]. However, despite neural structures lying within 2 mm of the pedicle, 
complications are shown to be associated with breaches of 4 mm or more[46]. In the current study, we 
adopted a low threshold for reoperation, monitoring for new or persistent perioperative radiculopathies 
correlated with the pedicle screw vertebral level. No screws breaches greater than 4 mm were identified, and 
in line with the literature, 0 screw malposition-related complications were found, and consequently, no 
revision surgeries were performed[17,31,47].

The current study exclusively investigating single-lateral-position multilevel antepsoas LLIF with posterior 
fixation, and a mean operative time of 152 min was found. These results align with other multilevel single 
position studies. Ziino et al.[18] reported an operative time of 149.2 min whilst Huntsman et al.[31] noted an 
operative time of 155.7 min. Additionally, in Ziino et al.[18]’s comparative study, the operative time of the 
dual position procedure was 44 min longer than the single position counterpart. A time saving of 44 min is 
substantial, and the majority of this time is likely from patient wound closure, re-positioning, re-prepping, 
and re-draping. A recent multicentre cohort review found that longer operative times are associated with a 
step-wise increase in overall, medical, and surgical complications rates[48]. Furthermore, the reduced 
operative time for single position LLIF may significantly reduce operative costs, with some papers 
suggesting a potential $ 3154 saving per case[17,49]. Therefore, we suggest that spine surgeons who frequently 
perform lateral surgery consider the implementation of single position surgery.

Sagittal alignment is well-documented as the most critical and reliable radiographic predictor for patients’ 
quality of life, and imbalances exacerbate patient-reported pain, function, and self-image[50,51]. Supporters of 



Page 11 of Choi et al. Mini-invasive Surg 2021;5:43 https://dx.doi.org/10.20517/2574-1225.2021.73 14

dual position surgery often argue that optimum restoration of lordosis is only obtained with the prone 
position[25,52,53]. However, recently radiographic studies reported no additional lordosis correction from 
lateral-to-prone repositioning after the insertion of an interbody cage[27,28]. In the present study, overall, one-
level and two-level lumbar lordosis significantly improved by a mean of 4.7°, 5°, and 6°, respectively. These 
results are consistent with recent systematic reviews investigating lordosis correction of LLIF with prone 
repositioning[54-56]. Furthermore, comparative studies have shown no significant difference in lordosis 
correction between the single lateral position LIF and lateral-to-prone repositioned techniques[18,57]. It 
suggests that adequate lordosis restoration can be achieved in the single lateral decubitus position, with no 
additional advantage from repositioning.

This study has several limitations. First, although this study has known limitations and biases relating to a 
retrospective, single-cohort study design, the results were consistent with the findings in the literature. 
Second, multiple pedicle screw insertion techniques were included in this study. However, the purpose of 
this study was to describe a surgeon’s preliminary experience with single position LLIF with bilateral pedicle 
screw fixation and report on the short-term outcomes and complications of this modified technique. Future 
studies should compare the three current pedicle screw techniques of fluoroscopy, CT navigation, and robot 
assistance, especially investigating operative times, radiation times, and doses. Third, the surgeon performed 
his first cases with this particular robot which has its learning curve.

In conclusion, we presented in this study a surgeon’s preliminary experience with a single position, 
multilevel antepsoas LIF with bilateral percutaneous pedicle screws and rod fixation and report comparable 
screw accuracy, overall complication rates, operative times, and lordosis correction with the published 
literature. This modified technique eliminates the resources and time related to intraoperative prone 
repositioning and may lead to significant cost savings. It can be done with fluoroscopy guidance, navigation, 
or robot.
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