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Background: Prone lateral spinal surgery for simultaneous lateral and posterior approaches has recently 
been proposed to facilitate surgical room efficiency. The purpose of this study is to evaluate the feasibility 
and outcomes of minimally invasive prone lateral spinal surgery using a rotatable radiolucent Jackson table.
Methods: From July 2021 to June 2023, a consecutive series of patients who received minimally invasive 
prone lateral spinal surgery for various etiologies by the same surgical team were reviewed. A Mizuho 
Jackson Modular Table System was used for all prone lateral surgeries. All patients received combined lateral 
and posterior approach surgery on the same day. The lateral approaches were performed with the Jackson 
table rotated 30–40 degrees away from the surgical side. A table-mounted oblique lumbar interbody fusion 
(OLIF) retractor was applied in retropleural/retroperitoneal spaces. Minimally invasive lateral procedures 
such as discectomy or mini-open corpectomy were performed after adequate exposure. Posterior procedures 
were performed with the Jackson table rotated back horizontally. The disease etiologies, surgical levels, 
blood loss, operation time, and surgical procedures were collected and analyzed.
Results: The study included 64 patients with a mean age of 61.8 years (range, 26–88 years). The disease 
etiologies were 11 (17.2%) deformities, 15 (23.4%) degenerations, 25 (39.1%) infections, 9 (14.1%) traumas, 
and 4 (6.3%) tumors. The mean length of the surgical level was 4.1±2.0 (range, 2–10), with surgical levels 
ranging from T8 to L5 laterally and T6 to the ilium posteriorly. The mean blood loss was 863±843 mL (range, 
50–4,600 mL) and the mean operation time was 314±148 minutes (range, 92–785 minutes). Of the lateral 
approaches, there were 25 retropleural and 39 retroperitoneal approaches (36 antepsoas approach). Surgical 
procedures performed included lateral discectomies, mini-open corpectomies, interbody reconstruction 
and fusion, and various posterior techniques such as pedicle screw instrumentation, cement augmentation, 
decompression, osteotomy, and spinal endoscopy. Patients who received both prone lateral retropleural and 
retroperitoneal approaches had significant improvement in the sagittal Cobb angle of the lateral surgical 
level, Visual Analogue Scale (VAS), and Oswestry Disability Index (ODI) at 1 year postoperatively.
Conclusions: Minimally invasive prone lateral spinal surgery is a feasible option for patients requiring 
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Introduction

Over the past two decades, retroperitoneal lumbar interbody 
fusion has emerged as a minimally invasive surgery (MIS) 
option for treating various spinal conditions (1-4). Advances 
in minimally invasive surgical instruments and retractors 
have significantly reduced muscle dissection and wound size 
during surgeries like transpsoas lateral lumbar interbody 
fusion (LLIF) and antepsoas oblique lumbar interbody 
fusion (OLIF). These techniques allow for increased disc 
height restoration, indirect neural element decompression, 
and large interbody graft placement, while preserving the 
posterior ligamentous complex (1,4,5).

The retropleural thoracic approach offers a minimally 
invasive alternative for addressing ventral thoracic pathologies, 
compared to more invasive methods like posterior 

laminectomy-based transpedicular, costotransversectomy, and 
lateral extracavitary approaches (6-8). It also reduces the need 
for one-lung ventilation and lowers pulmonary complication 
risks compared to the transpleural thoracic approach (9). 
This approach can be combined with the retroperitoneal 
approach at the thoracolumbar region using an MIS tubular 
retractor, without diaphragm takedown (6,10-12).

Recently, the single-position prone lateral transpsoas 
approach has been introduced as an MIS surgical option, 
offering simultaneous lateral and posterior access, and 
enhancing surgical room efficiency (13-16). For most spine 
surgeons, prone position is more familiar to performing 
posterior techniques like pedicle screw insertion, cement 
augmentation, decompression, and osteotomy (17,18). 
Additional advantages of doing a minimal invasive 
lateral approach in prone position include better lordosis 
restoration, a more posterior-oriented iliopsoas and lumbar 
plexus, and great saving the flip transition time (19-25).  
However, neuromonitoring like free-run or trigger 
electromyography (EMG) is needed when performing 
transpsoas approach due to the risk of lumbar plexus injury 
(1,4,26). In this study, we explore the feasibility of single-position 
minimally invasive prone lateral retropleural or retroperitoneal 
antepsoas approach surgery using a rotatable radiolucent 
Jackson table and present a consecutive series of patients with 
different etiologies undergoing this procedure and their surgical 
outcomes. We present this article in accordance with the 
STROBE reporting checklist (available at https://jss.amegroups.
com/article/view/10.21037/jss-24-71/rc).

Methods

Patients and data collection

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). After 
obtaining institutional review board approval from Chang 
Gung Medical Foundation (IRB No. 202400604B0), 
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we retrospectively reviewed all adult patients who 
underwent simultaneous minimally invasive lateral and 
posterior approached surgery in the prone position for 
various etiologies at Chang Gung Memorial hospital 
from July 2021 to June 2023. Individual consent for this 
retrospective analysis was waived. Patients who received 
lateral approached surgeries in lateral decubitus positions, 
or patients who followed up for less than 1 year were 
excluded. We reviewed the medical charts to collect patient 
demographics, medical comorbidities, disease etiologies, 
and details of surgical procedures. Clinical outcomes, 
sagittal Cobb angles of lateral surgical level, postoperative 
complications, Visual Analogue Scale (VAS) and Oswestry 
Disability Index (ODI) before and after 1 year of the 
operation were also analyzed. 

Preoperative positional preparation

Before surgery, it is imperative for the spine surgeon to 
communicate thoroughly with the anesthesiologist about 
the need to undertake a prone lateral surgery, in which the 
patient will be rotated 30–40 degrees for a certain duration 
of time intraoperatively. The position of the four-post frame 
on the radiolucent Jackson table needs to be adjusted for the 
lateral approach. The hip pad on the approach side should 
be positioned downward to the position of the upper thigh 
(Figure 1A). This will allow full exposure of the working 
space on the approach side from the ribs to the iliac crest 
when the patient is in the prone position (Figure 1B).

A Mizuho Jackson Modular Table System is used for 
all prone lateral surgeries. After general anesthesia, the 
patient is then turned to a prone position on the rotatable 
radiolucent Jackson table. Once the patient is in the 
prone position, two lateral positioners are placed on the 
contralateral side ribs and femoral trochanteric area as 
support after rotation and backstop during graft placement 
(Figure 1C). The position of the lateral positioner should 
avoid obstructing the intraoperative fluoroscopic view of 
the upper and lower instrumented vertebrae. For patients 
receiving spinopelvic fixation, the lateral positioner at the 
femoral trochanteric area should avoid blocking the tear 
drop under the obturator oblique view (27). Tape is then 
used to secure the thoracic and pelvic area of the patient, 
avoiding the sterilized area and surgical field. Both legs 
and arms are secured with straps and tape while the head 
is taped to the table with care, avoiding excessive tension 
of the tape to the head and pressure on the eyes. The head 
should remain within the head positioning cushions after 

the table has been rotated.
Once the patient is secured and the table has been 

elevated to a comfortable height for the surgeon, the patient 
is manually rotated 30–40 degrees away from the approach 
side (Figure 1D-1F). The rotation should be about 30 
degrees for the thoracic or thoracolumbar spine, whereas 
the lower lumbar (L3–5) should be rotated to about 40 
degrees for a better approach to the antepsoas corridor. 
The lateral and posterior surgical levels are then marked 
under true lateral and anteroposterior (AP) images using a 
fluoroscope C-arm, with the endplates and pedicles parallel 
on the lateral view and with the spinous process bisecting 
the pedicles on the AP view. For a lateral approach, 
the planned skin incision is marked anterior to the 
targeted vertebrae if approaching lower lumbar segments  
(Figure 1G). The skin incision mark is drawn slightly more 
posteriorly when approaching thoracic or thoracolumbar 
segments, centered over the closest rib to the targeted 
level which will be harvested later as autograft (Figure 1H). 
A 4–5 cm incision is usually sufficient for a 1- or 2-level 
discectomy. After marking the skin incision, the patient is 
then carefully sterilized and draped to expose the lateral 
surgical corridor and posterior exposure area with the C-arm 
machine fixed in the true AP view position (Figure 1I). True 
lateral view is obtained by rotating the C-arm over the 
patient (Figure 1J). The upper part of the C-arm at the top 
of the patient also needs to be covered with a sterile drape. 
The specific rotation of the C-arm in each direction can be 
marked at this time to ensure ease in returning to these true 
AP and lateral images (Figure 1K,1L) later.

Surgical techniques

Using L2–L5 lower lumbar segment OLIF as an example 
of the minimally invasive lateral approach surgery in prone 
position, it follows the same procedure in a lateral decubitus 
position (28) (Figure 2A). After incision of the skin and 
subcutaneous fascia, the external oblique, internal oblique, 
and transverse abdominis are successively separated by 
muscle splitting. The retroperitoneal fat and peritoneal 
content are retracted ventrally using finger dissection until 
the psoas muscle is palpated. Dissecting down and exposing 
the psoas is more challenging with the patient in the prone 
position due to the greater depth of the field compared to 
the lateral decubitus position where gravity aids in lowering 
the abdominal content. A long Kocher clamp with a gauze 
pusher can be used to strip the fascia on the psoas muscle 
and identify the targeted disc level along the anterior edge 
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Figure 1 Step by step preparation of prone lateral spinal surgery using rotatable radiolucent table. (A) The hip pad on the approach 
side was positioned downward to the position of the upper thigh as indicated by the red arrow. (B) Full exposure of the working space 
on the approach side from the ribs to the iliac crest with patient’s abdomen hanging freely. (C) Two lateral positioners are placed on the 
contralateral side ribs and femoral trochanteric area as support after rotation and backstop during graft placement. Tape is used to secure the 
thoracic and pelvic area of the patient while avoiding the sterilized surgical field. (D-F) Once the patient is secured by taping, the patient is 
manually rotated 30–40 degrees away from the approach side for a better approach to the surgical corridor. (G) The skin incision is marked 
anterior to the targeted vertebrae for lower lumbar segments in the lateral approach. (H) The skin incision mark is drawn centered over 
the closest rib to the targeted thoracic or thoracolumbar level, which is slightly more posterior than the lower lumbar segments. (I) The 
C-arm machine was positioned in the true anteroposterior view position before sterilization and draping. (J) True lateral view is obtained by 
rotating the C-arm over the patient. (K,L) Intraoperative true anteroposterior and lateral images obtained by the C-arm before incision of 
an L3–4 adjacent segment disease.
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of the psoas muscle. The psoas muscle at the target disc 
level is slightly mobilized, enabling the antepsoas working 
corridor to about 2–3 cm. A Kirschner wire is inserted into 
the targeted disc at an angle approximately parallel to the 
ground, which equals an angle of 30–40 degrees obliquely 
to the coronal plane of the vertebral body (Figure 2B). The 
insertion point is confirmed using fluoroscopic AP & lateral 
view to be between the anterior half to anterior one-third 
of the disc level in lateral view. Serial dilators are inserted 
with fingers protecting the abdominal content from being 
trapped into the dilators. A table-mounted OLIF retractor is 
docked with the psoas muscle retracted dorsally. No muscle 
should protrude from underneath the retractor blades. 
Similar to the decubitus OLIF, a thorough discectomy is 
performed under direct vision and fluoroscopic guidance 
after annulotomy. Endplates are prepared under fluoroscope 
guidance using a Cobb elevator to avoid endplate injury. 
After serial trialing to the proper size of the cage, the OLIF 
interbody cage packed with a combination of allograft, 
artificial bone graft, or demineralized bone matrix (DBM) 
is inserted. The cage position is checked under fluoroscopic 
AP & lateral views. More complex procedures like mini-
open corpectomy, anterior column realignment (ACR), or 
tumor excision can also be performed with a wider approach 
window in this position.

For a lateral approach to thoracic or thoracolumbar 
segments, circumferential subperiosteal dissection of the 
previously marked rib is performed after skin incision 
and fascial dissection. Right-side approach in the thoracic 
segments (T8–T11) was typically chosen to avoid 

mobilization of the aorta. For thoracolumbar (T11–L2) 
segments, the left-side approach was mostly utilized due to 
its potential connection to the left retroperitoneal antepsoas 
approach. The approach side may vary depending on the 
laterality of the lesion. The rib should be dissected further 
than the skin incision after undermining and mobilizing 
the subcutaneous fascia. A rib cutter and rongeur are used 
for the partial rib resection after freeing the rib from the 
subcostal neurovascular bundle and parietal pleura. The 
retropleural space is carefully developed between the plane 
of endothoracic fascia and parietal pleura as described by 
Uribe et al. (7). A generous retropleural blunt dissection 
above and below the targeted disc level under the adjacent 
ribs is performed to avoid incidental parietal pleura tear. 
The rib head near the targeted disc level is identified and 
blunt dissection is carried to the anterior vertebral body. A 
table-mounted OLIF retractor is docked to retract the lung 
and parietal pleura. Then lateral procedures like discectomy, 
mini-open corpectomy and interbody reconstruction and 
fusion can be performed similarly to the MIS lateral lumbar 
retroperitoneal approach.

Our typical workflow for minimally invasive prone lateral 
surgery usually begins with MIS lateral interbody fusion 
followed by percutaneous posterior pedicle screw fixation. If 
the surgery needs to begin with the posterior approach, the 
table is rotated back to the horizontal position after draping. 
Posterior-based surgical procedures like open/percutaneous 
pedicle screw insertion, decompression, osteotomy, cement 
augmentation, or endoscopic surgery can all be performed 
after simply rotating the table back to the true horizontal 

Figure 2 Comparisons of (A) traditional decubitus lateral antepsoas approach and (B) rotated prone lateral antepsoas approach.

A B
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position as checked by the fluoroscope. For complex or 
revision surgery which typically requires multiple flips, like 
posterior to lateral to posterior approaches, simultaneous 
lateral and posterior manipulation in the prone position 
is also possible without the need to re-drape the patient. 
During MIS lateral approach surgery, the surgeon operates 
at the ventral side and can choose to stand or sit on a stool, 
depending on the surgeon’s ergonomic approach angle. 
After completing the surgery, both lateral and posterior 
wound closure are performed in a standard fashion. A drain 
is placed when performing complex surgeries. Significant 
pleural violations may necessitate the placement of a chest 
tube.

Statistical analysis

The clinical and radiographic outcomes of preoperative 
and postoperative sagittal Cobb angle of lateral surgical 
level (kyphosis was determined as minus value; whereas 
lordosis was determined as plus value), VAS and ODI were 
compared with paired-t test or Wilcoxon signed-rank test. 
The Shapiro-Wilk test was employed to assess whether 
the data followed a normal distribution. Subgroup analyses 
of both prone lateral retropleural and retroperitoneal 
approaches were performed. Statistical significance was 
defined as P value <0.05. The analyses were conducted 
using SPSS Version 25 (IBM Corporation, Armonk, NY, 
USA).

Results

Patient demographics and operative details

There is a consecutive series of 64 patients receiving 
minimally invasive prone lateral spinal surgeries within the 
study interval. All of the operations were performed by the 
same surgical team. The demographic data and operative 
details are listed in Table 1. There were 30 females and 34 
males with a mean age of 61.8±12.8 years (range, 26–88 years).  
The American Society of Anesthesiologists (ASA) gradings 
were as follows: I, 3 (4.7%); II, 9 (14.1%); III, 50 (78.1%); 
and IV, 2 (3.1%). The spinal disease etiologies of all patients 
were 15 (23.4%) degenerations, 11 (17.2%) deformities, 
25 (39.1%) infections, 9 (14.1%) traumas, and 4 (6.3%) 
tumors. Case examples in each etiology were presented as 
Figures 3-7.

The mean operation time was 314±148 minutes (range, 
92–785 minutes) and the mean blood loss was 863±843 mL 

(range, 50–4,600 mL). The mean length of the surgical level 
was 4.1±2.0 (range, 2–10). The lateral surgical level ranged 
from T8 to L5 and the posterior surgical level ranged from 
T6 to ilium. There were 10 (15.6%) patients receiving 
revision surgery and 9 (14.1%) of them received lateral 
surgery for the previously operated levels.

Of the lateral approaches, there were 25 thoracic 
or thoracolumbar retropleural (2 from right side) and  
39 lumbar retroperitoneal (1 from right side) approaches. 
The spinal disease etiologies of the 25 retropleural 
approaches were 6 (24%) deformities, 10 (40%) infections, 
5 (20%) traumas, and 4 (16%) tumors, while the etiologies 
of the 39 retroperitoneal approaches were 15 (38%) 
degenerations, 5 (13%) deformities, 15 (38%) infections, 
and 4 (10%) traumas. Among the 39 retroperitoneal 
approaches, 36 underwent antepsoas and 3 underwent 
transpsoas approaches (1 from right side and 2 from left 
side). All of the 3 patients receiving transpsoas approach 
were due to drainage of psoas muscle abscess and used the 
transpsoas window for lateral discectomy and debridement. 

For minimally invasive lateral procedures, there were 
63 patients received lateral discectomy and fusion (1-level: 
26; 2-level: 29; 3-level: 7; 4-level: 1), 26 received mini-
open lateral corpectomies (1-level: 22; 2-level: 4), 8 had 
lateral instrumentation. There were 3 patients underwent 
single level en bloc spondylectomy using the prone lateral 
combined approach (2 patients at L1, 1 patient at L2). 

For posterior pedicle screw instrumentation, there 
were 20 patients used open method and 44 patients used 
percutaneous method. There were 20 patients received 
additional cement augmentation and 20 patients received 
other posterior surgical procedures like posterior 
decompression, Ponte osteotomy, screw removal, 
debridement, and spinal endoscope.

Clinical and radiographic outcomes

The clinical and radiographic outcomes for all patients and 
different etiologies treated with prone lateral retropleural 
and retroperitoneal approaches were listed in Tables 2,3. 
There were significant improvements in sagittal Cobb 
angles of lateral surgical level, ODI and VAS between 
before operation and 1 year postoperatively (all P<0.05) 
except for the tumor patients. For prone lateral retropleural 
group, the sagittal Cobb angle of lateral surgical level 
improved from −20.8°±18.0° to 7.7°±14.0° with a mean 
difference of 28.5°±15.7° (P<0.001). The ODI improved 
from 40.8±5.2 to 18.9±9.3 and the VAS also improved from 
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7.7±0.9 to 3.3±1.7 (both P value <0.001). For prone lateral 
retroperitoneal group, the sagittal Cobb angle of lateral 
surgical level improved from −3.6°±17.2° to 20.9°±9.6° with 
a mean difference of 17.3°±18.2°, the ODI improved from 
36.8±8.4 to 13.7±10.2 and the VAS also improved from 
7.4±1.1 to 2.3±1.8 (all P<0.001).

The postoperative complications followed by prone 
lateral surgery were listed in Table 4. The approach-
related complication rate is 9% (6/64). Among the 
approach-related complications, there are 5 (13%) out of 
39 retroperitoneal approach patients developed transient 
left thigh pain/weakness. All of them recovered within 3 
months of surgery. There was no peritoneal organ injury 
during the retroperitoneal approach. One multiple trauma 
patient with L1 compression fracture and L3 comminuted 
burst fracture received L1 vertebroplasty, prone lateral 
antepsoas L3 corpectomy and L2–4 percutaneous cemented 
instrumentation developed left lower abdominal wall 
abscess formation and hernia and received laparoscopic 
debridement and repair of ventral hernia at postoperative 
5 months (Figure 6). For the deformity correction-related 
complications, one patient developed recurrent dislocation 
of previous implanted total hip arthroplasty and received 
subsequent revision total hip arthroplasty surgeries. There 
were 3 junctional failures with 2 proximal junctional 
kyphosis and 1 distal junctional kyphosis requiring revision 
surgeries.

Discussion

Recent advancements in spinal surgery have emphasized 
the efficacy of single-position dual approaches in treating 

Table 1 Patient demographics and operative details

Variables Results

Age (years) 61.8±12.8 [26–88]

Sex (F/M) 30/34

Body height (cm) 161.5±9.3

Body weight (kg) 66.3±13.1

BMI (kg/m2) 25.3±4.3

ASA grading

I 3 (4.7)

II 9 (14.1)

III 50 (78.1)

IV 2 (3.1)

Disease etiology

Degeneration 15 (23.4)

Deformity 11 (17.2)

Infection 25 (39.1)

Trauma 9 (14.1)

Tumor 4 (6.3)

Operative time (minutes) 314±148 [92–785]

Blood loss (mL) 863±843 [50–4,600]

Length of surgical level 4.1±2.0 [2–10]

Surgical level

Lateral T8–L5

Posterior T6–ilium

Revision surgery 10 (15.6)

Lateral surgery for previously operated 
level

9 (14.1)

Lateral surgery

Retropleural approach 25

Retroperitoneal approach 39

Antepsoas 36

Transpsoas 3

Procedures

Discectomy and fusion 63

1-level 26

2-level 29

3-level 7

4-level 1

Corpectomy 26

Lateral instrumentation 8

En bloc spondylectomy 3

Table 1 (continued)

Table 1 (continued)

Variables Results

Posterior surgery

Pedicle screw instrumentation 64

Open 20

Percutaneous 44

Cement augmentation 20

Other posterior procedures* 20

Data are presented as mean ± standard deviation [range], n or 
n (%). *, including posterior decompression, Ponte osteotomy, 
screw removal, debridement, and spinal endoscope. F, female; 
M, male; BMI, body mass index; ASA, American Society of 
Anesthesiologists.
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degenerative lumbar disease (13,17). This method, aligned 
with MIS principles, offers multi-dimensional benefits. 
It reduces the need for patient repositioning, enhances 
operating room efficiency, and facilitates simultaneous 
anterior and posterior column manipulation (20).  
Compared to staged flip surgeries requiring patient 
repositioning, a multi-center study utilizing the Lateral 
decubitus position for simultaneous LLIF or anterior 
lumbar interbody fusion (ALIF) and percutaneous pedicle 
screw instrumentation reported reduced blood loss, shorter 
hospital stays, and decreased postoperative ileus, while 
maintaining similar incidences of wound complications, 

vascular injury, neurological complications, or venous 
thrombotic events (29). A meta-analysis further indicates 
that single-position surgeries, either in decubitus or prone 
positions, shorten operative times and hospital stays 
without compromising complication rates or radiographic 
outcomes (30). Compared to the posterior approach surgery 
in decubitus position, the prone position is more familiar 
and comfortable for most spinal surgeons, allowing for the 
execution of various techniques in complex scenarios (26). 
With its benefits in posterior-based surgical techniques, 
performing lateral surgery in the prone position has proven 
to be a safe and efficient alternative for revision lumbar 

Figure 3 A 49-year-old female with L4–5 degenerative spondylolisthesis received minimal invasive fusion surgery. (A-D) Anteroposterior, 
lateral standing and flexion-extension radiographs demonstrating L4–5 grade I degenerative spondylolisthesis. (E-G) The preoperative 
MRI revealed L4–5 grade B spinal stenosis. (H,I) The anteroposterior and lateral radiographs showed a L4–5 prone lateral OLIF and 
percutaneous posterior instrumentation. MRI, magnetic resonance imaging; OLIF, oblique lumbar interbody fusion.
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fusion, compared to staged flip surgeries (20,31). This 
approach is also viable for complex cases requiring posterior 
high-grade three-column osteotomy, with prone transpsoas 
lumbar corpectomy enabling simultaneous posterior and 
lateral access (32,33).

Emerging literature has shed light on other advantages 
of lateral surgery in the prone position. A meta-analysis 
demonstrated that the restoration of segmental lordosis in 
lateral surgery is significantly better in the prone position 
than in the decubitus position (30). Serial anatomical 
studies indicate that in the prone position with hip 
extension, the psoas muscle is least anteriorly elongated, 
resembling its positioning in supine magnetic resonance 
imaging (MRI) (19,21,22). The psoas shows substantial 
lateral mobility and posterior retraction at L5 in this 
position (19). Another cadaveric study also revealed that 

the femoral nerve of the lumbar plexus is more posteriorly 
located at the L4–L5 disc space in the prone position 
compared to the lateral decubitus position, potentially 
lowering the risk of femoral nerve injury in prone 
transpsoas approach surgeries (21). In this position, major 
vessels like the inferior vena cava (IVC) and right iliac 
vein experience significant anterior mobility, particularly 
at higher levels. Although the retroperitoneal organs 
shift away from the operative field in the prone position, 
they remain close enough to be at risk of injury (34).  
The overall low rate of retroperitoneal or peritoneal injury 
makes it difficult to demonstrate a lower risk in the prone 
position (35).

In this study, we detail the application of a minimally 
invasive prone lateral combined approach for spinal surgery 
on 64 patients using a rotatable radiolucent Jackson table. 

Figure 4 A 74-year-old female with degenerative lumbar kyphosis received corrective surgery. (A-D) Anteroposterior and lateral standing 
radiographs demonstrating a L2-iliac posterior instrumentation, L5–S1 TLIF and prone lateral L2–5 OLIF. Prone lateral grade 1 ACR 
at L4–5 was performed to restore L4–S1 lordosis. TLIF, transforaminal lumbar interbody fusion; OLIF, oblique lumbar interbody fusion; 
ACR, anterior column realignment.
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Figure 5 A 65-year-old man with T8–10 vertebral osteomyelitis of previous T9 vertebroplasty received debridement, cement removal and 
reconstruction surgery due to unresponsive to prolonged antibiotics treatment. (A-D) Anteroposterior and lateral radiographs demonstrating 
a T6–12 percutaneous posterior instrumentation and prone lateral T9 corpectomy and cement removal. (E-G) The preoperative MRI 
revealed T8–10 vertebral osteomyelitis with paraspinal abscess formation. (H,I) The patient recovered from septic shock with no recurrent 
infection and mobilized independently as shown in the anteroposterior and lateral standing radiographs. MRI, magnetic resonance imaging.
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Figure 6 A 59-year-old woman suffered from pelvic fracture, L1 compression fracture and L3 comminuted burst fracture after falling 
from height received staged operations for multiple trauma. (A-E) The plain radiographs and CT showed L1 compression fracture and L3 
comminuted burst fracture. The axial views revealed severe spinal canal compromised by the retropulsed fragments at L3 level. (F,G) The 
postoperative anteroposterior and lateral views demonstrating an open reduction and internal fixation for pelvic fracture, L1 vertebroplasty, 
L2–4 percutaneous posterior cemented instrumentation and anterior reconstruction after L3 corpectomy for direct decompression of 
the spinal canal. (H-J) The postoperative CT at 5 months showed stable implant construct with solid union of the fractured vertebra and 
adequate direct spinal canal decompression of the retropulsed fragments as compared to preoperative CT. CT, computed tomography.

By rotating the prone patient 30–40 degrees, we could 
perform various MIS lateral techniques at thoracolumbar 
segments from T8 to L5, such as discectomy, fusion, 
mini-open corpectomy, lateral instrumentation, and 
even combined approaches for single-level  en bloc 
spondylectomy in the lumbar spine. While some surgeons 
have recommended rotating the operating table by  
10–30 degrees to improve ergonomics and enhance lateral 
access visualization during prone transpsoas surgery 

(13,16,25), it is crucial to recognize that the trajectory 
for the prone antepsoas approach differs from that of the 
prone transpsoas approach. A 30–40-degree rotation has 
aligned the surgeon’s horizontal vision line with the oblique 
trajectory utilized for OLIF in the decubitus position  
(Figure  2 ) .  Surgeons  must  care fu l ly  d i s sec t  the 
retroperitoneal space to avoid ventral incursion that could 
jeopardize peritoneal organs. The psoas muscle, transverse 
process tip, and iliac crest could serve as the landmark when 
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approaching to the lower lumbar spine. Utilizing a table-
mounted retractor enables retraction of the psoas muscle 
and peritoneal organs, thereby revealing the antepsoas 
OLIF corridor. When performing the OLIF orthogonal 
maneuver in this rotated prone position, it is imperative for 
surgeons to know that an oblique downward angle of 30–40 
degrees corresponds with the true lateral direction. Despite 
the differing orientation from the decubitus position, 
surgeons were able to adapt with the help of intraoperative 
fluoroscopic guidance and performed various lateral 
techniques with adjusted directions.

Similar to the prone retroperitoneal antepsoas approach, 
the minimally invasive prone retropleural approach 

can be performed at the thoracolumbar region without 
diaphragm takedown using the rotatable radiolucent table. 
This technique streamlines complex cases by facilitating 
simultaneous lateral and posterior approaches, therefore 
negating the need for multiple flips and re-drapes. With this 
technique, a three-column osteotomy can be transitioned 
to an ACR (36) with low-grade posterior osteotomy in 
adult spinal deformity correction without the need for 
re-draping (Figure 4). This method is also applicable to 
treating infective spondylodiskitis through a minimally 
invasive lateral approach, complemented by percutaneous 
posterior instrumentation (Figure 5). For single-level 
lumbar en bloc spondylectomy, it allows the simultaneous 

Figure 7 A 50-year-old man with L1 single metastatic adenocarcinoma from rectal cancer received total en bloc spondylectomy. (A,B) The 
preoperative MRI showed L1 spinal tumor with right psoas muscle involvement. (C,D) The intraoperative fluoroscope and gross photo of 
the specimens. (E,F) The postoperative anteroposterior and lateral standing radiographs demonstrating a T11–L3 posterior instrumentation 
and anterior reconstruction after prone lateral simultaneous approached total en bloc spondylectomy. The vertebral body was removed via 
lateral window to avoid excessive traction of bilateral L1 roots. MRI, magnetic resonance imaging.
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execution of lateral and posterior procedures, enabling 
tumor and anterior vertebral body removal without 
excessive retraction of the lumbar roots (Figure 7). With the 
patient in prone position, various MIS posterior procedures 
like percutaneous vertebroplasty or spinal endoscope could 
also be done easily in conjunction with the lateral surgery. 
However, this approach is not without its trade-offs. A 
combined lateral and posterior approach for complex 
spinal deformities often leads to longer, single-stage 
surgeries, which carry increased risks of anesthesia-related 
complications and pressure sores. To mitigate this, we have 
incorporated the use of thick silicone pads at the four-post 
frame and two lateral positioners on the contralateral side. 
Additionally, while the 30–40 degrees rotated prone position 
demands fluoroscopic guidance for surgical orientation—
less intuitive than the lateral decubitus position—it may 
present more challenges for morbidly obese patients. For 

obese patient with high BMI, longer instruments and 
retractor blades must be used. The retractor could be placed 
to the ideal place after adjustments under both direct vision 
and fluoroscopic guidance. The authors used the headlight 
to facilitate vision in the minimal invasive wound. In our 
series, the most corpulent patient underwent successful 
surgery has a BMI of 36.4. Additional care must be taken to 
adjust surgical incisions for obese patients combined with a 
high iliac crest when accessing lower lumbar segments. The 
surgical incision should be more anterior to avoid being 
hindered by the high iliac crest. Larger rotational angle  
(>40 degrees) is another strategy to overcome a high 
iliac crest. However, the surgeons should be aware of the 
rotatory angle and surgical orientation while doing the 
discectomy and cage insertion under fluoroscopic guidance. 
According to literatures, 34% of the patients developed 
transient femoral neuropraxia after prone LLIF and the 

Table 2 Clinical and radiographic outcomes for prone lateral retropleural approach

Variables All (N=25) Deformity (N=6) Infection (N=10) Trauma (N=5) Tumor (N=4)

Length of surgical level 5.3±1.9 [3–10] 6.3±2.3 [4–10] 5.7±2.3 [3–8] 3.4±0.9 [3–5] 5.0±0.0 [5]

OP time (minutes) 372±156 430±163 321±126 268±88 542±140

Blood loss (mL) 1,104±821  
[200–3,000]

1,217±816  
[200–2,200]

1,155±1,065  
[200–3,000]

710±338  
[300–1,200]

1,300±623  
[750–2,000]

Surgical level

Lateral T8–L5 T11–L5 T8–L4 T11–L2 T12–L3

Posterior T6–ilium T10–ilium T6–L4 T10–L2 T11–L4

Sagittal Cobb angle of lateral surgical level 

PreOP −20.8°±18.0° −26.9°±26.3° −19.9°±11.3° −30.1°±16.4° −2.5°±6.4°

PostOP 7.7°±14.0° 13.8°±20.8° 1.3°±8.9° 5.6°±6.6° 16.9°±15.0°

Difference 28.5°±15.7° 40.7°±10.5° 21.2°±14.8° 35.7°±15.7° 19.4°±11.2°

P value <0.001 0.03 0.005 0.043 0.07

ODI

PreOP 40.8±5.2 40.3±2.3 42.9±1.8 43.6±2.5 32.8±8.6

PostOP 18.9±9.3 16.3±9.9 21.1±8.7 14.4±11.7 22.8±5.3

P value <0.001 0.03 0.005 0.043 0.14

VAS

PreOP 7.7±0.9 7.5±0.5 8.0±0.7 8.2±0.8 6.8±1.5

PostOP 3.3±1.7 3.0±1.1 3.8±1.5 1.8±2.0 3.3±2.1

P value <0.001 0.03 0.005 0.043 0.20

Data are presented as mean ± standard deviation or [range]. Paired-t test or Wilcoxon signed-rank test was used to obtain the P value. 
OP, operative; ODI, Oswestry Disability Index; VAS, Visual Analogue Scale.
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strength of the left hip flexor muscle decreased by 22.6% 
followed by decubitus OLIF (37,38). In our study, 13% of 
the patient developed transient left thigh pain/weakness and 
all of them resolved within 3 months postoperatively.

This study has certain limitations. Primarily, it is a 
retrospective case series with only short-term follow-up and 
lacks a control group for benchmarking against standard 
two-staged surgeries in both decubitus and prone positions. 
Nonetheless, it is pioneering in detailing the minimally 
invasive retroperitoneal antepsoas and retropleural 
approaches in the rotated prone position. The early clinical 
outcomes and a low approach-related complication rate 
suggest its viability for a range of pathologies, including 
degeneration, deformity, infection, trauma, and tumors. 
A navigation system was not employed, which could have 
reduced fluoroscopic radiation exposure to the medical staff 
and potentially increased surgical efficiency. Future research 

should include a larger, prospective comparative cohort 
study with extended follow-up to refine the treatment 
algorithm and identify any limitations of this technique.

Conclusions

Our study demonstrates the feasibility of minimally 
invasive prone lateral spinal surgery with the good 
clinical and radiographic outcomes while maintaining 
acceptable complication rates. Both lateral retropleural and 
retroperitoneal antepsoas approaches, in combination with 
various posterior procedures, can be effectively performed 
in the prone position using a rotatable radiolucent 
Jackson table. This method presents a promising option 
for patients requiring complex spinal surgeries. To gain a 
deeper understanding of the safety profile and long-term 
outcomes, future research involving larger patient cohorts 

Table 3 Clinical and radiographic outcomes for prone lateral retroperitoneal approach

Variables All (N=39) Degeneration (N=15) Deformity (N=5) Infection (N=15) Trauma (N=4)

Length of surgical level 3.5±1.8 [2–10] 2.5±0.6 [2–4] 5.8±3.3 [3–10] 3.5±1.4 [2–6] 4.3±1.7 [2–6]

OP time (minutes) 276±131 208±85 473±201 267±75 319±121

Blood loss (mL) 709±830  
[50–4,600]

253±168  
[50–650]

1,490±1,761  
[350–4,600]

720±419  
[100–1,400]

1,400±979  
[200–2,200]

Surgical level

Lateral L1–L5 L3–L5 L2–L5 L1–L5 L2–L5

Posterior T10–ilium L2–L5 T10–ilium T12–ilium T12–ilium

Sagittal Cobb angle of lateral surgical level

PreOP −3.6°±17.2° 12.1°±8.0° −18.2°±31.5° 5.4°±12.4° −7.3°±8.1°

PostOP 20.9°±9.6° 20.3°±8.3° 25.5°±10.1° 17.7°±9.7° 29.6°±8.5°

Difference 17.3°±18.2° 8.2°±5.0° 43.8°±29.3° 12.3°±12.2° 36.9°±2.0°

P value <0.001 0.001 0.043 0.003 0.07

ODI

PreOP 36.8±8.4 27.6±4.9 39.8±4.0 43.3±2.4 43.5±4.4

PostOP 13.7±10.2 6.5±3.4 10.4±4.5 21.1±11.1 17.5±9.6

P value <0.001 0.001 0.043 0.001 0.07

VAS

PreOP 7.4±1.1 6.4±0.8 7.6±0.9 8.1±0.8 8.3±1.0

PostOP 2.3±1.8 0.9±1.2 2.2±1.3 3.5±1.6 3.0±1.2

P value <0.001 0.001 0.043 0.001 0.07

Data are presented as mean ± standard deviation or [range]. Paired-t test or Wilcoxon signed-rank test was used to obtain the P value. 
OP, operative; ODI, Oswestry Disability Index; VAS, Visual Analogue Scale.
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and extended follow-up periods is essential.
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