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ABSTRACT
Background: The prone transpsoas (PTP) approach for lateral lumbar interbody fusion (LLIF) is a relatively novel 

technique. Currently, little is known about its associated complications and early patient- reported outcomes. The aim of this 
study was to investigate the effect of LLIF performed via the PTP approach on sagittal radiographic parameters, patient- reported 
outcome measures (PROMs), and rates of complications.

Methods: A retrospective review was performed of 82 consecutive patients who underwent LLIF via a PTP technique. 
Lumbar lordosis (LL), segmental lordosis (SL), anterior disc height (ADH), and posterior disc height (PDH) were measured 
on preoperative, initial postoperative, and 3- month postoperative radiographs. PROMs including the Oswestry Disability 
Index (ODI); the visual analog scale (VAS); and pain portions of the EQ5D, VAS back, and VAS leg ratings were collected 
at the preoperative and subsequent postoperative visits. Length of hospital stay and postoperative complications related to the 
procedure were recorded.

Results: Significant improvements were seen at the initial (4.5° ± 8.6°, P < 0.001) and 3- month (4.4° ± 7.2°, P < 0.001) 
postoperative periods for LL, as well as SL (6.8° ± 4.8°, P < 0.001; 6.7° ± 4.4°, P < 0.001), ADH (8.0 mm ± 3.6, P < 0.001; 
7.4 mm ± 3.6, P < 0.001), and PDH (3.3 mm ± 2.4, P < 0.001; 3.1 mm ± 2.5, P < 0.001). Significant improvements were seen 
at 3 months postoperatively for ODI (P < 0.001), EQ5D pain (P = 0.016), VAS leg (P < 0.001), and VAS back (P < 0.001). 
The average length of stay was 2.7 ± 4.5 days. The most common complications were ipsilateral thigh pain/numbness (45.1%), 
ipsilateral hip flexor weakness (39.0%), and contralateral thigh pain/numbness (14.6%).

Conclusions: While early PROMs and correction of sagittal radiographic parameters show promising results for the PTP 
approach for LLIF, it is not without risks.

Clinical Relevance: PTP interbody fusion is an emerging technique that allows for simultaneous access to the anterior 
and posterior columns of the lumbar spine. This early case series demonstrates significant improvement in functional outcomes 
and lumbar lordosis with a safety profile comparable to other well- established techniques.

Level of Evidence: 3.

Minimally Invasive Surgery
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INTRODUCTION

Lateral lumbar interbody fusion (LLIF) is an increas-
ingly popular minimally invasive technique developed 
for the surgical treatment of a variety of lumbar spinal 
pathology including spondylolisthesis, spinal stenosis, 
and deformity.1–3 This procedure has been shown to be 
well tolerated with good clinical and radiographic out-
comes.4–6 Moreover, it results in less tissue disruption, 
blood loss, and postoperative pain compared with tradi-
tional open surgical approaches.7

Traditionally, LLIFs are performed with the patient 
in a lateral decubitus position. As LLIFs are usually sup-
plemented with posterior pedicle screw fixation, intra-
operative repositioning of the patient to a prone position 
is often necessary. To obviate the need for positional 

changes and associated increases in operative time and 
surgical risk, surgeons have begun to investigate alter-
nate single- position techniques performed from the 
lateral decubitus8–12 and prone positions.13 Pimenta et 
al introduced the prone transpsoas (PTP) technique, 
which involves a minimally invasive approach to the 
anterior spinal column through the psoas muscle with 
the patient prone.14 This allows for simultaneous access 
to both the anterior column and posterior column via 
a single patient position to allow for circumferential 
release, direct and indirect decompression, anterior and 
posterior segmental fixation, and maintenance or cor-
rection of alignment.13,15

Few studies to date have evaluated the safety and 
efficacy of LLIF through a PTP approach. Walker et 
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al compared outcomes between PTP (n = 15) and dual 
position (n = 15) approaches for patients with single- 
level spondylolisthesis and demonstrated improvement 
in segmental lordosis (SL) in those undergoing PTP.15 
Farber et al performed a case series of 28 patients with 
the PTP approach and found a 11% complication rate, 
23% subsidence rate with radiographic follow- up, and 
significant improvement in 3month postoperative func-
tional testing.16 Pimenta et al performed a multicenter 
study of 32 patients undergoing the PTP approach and 
found the technique to be associated with a significant 
gain of SL and correction of spinopelvic alignment.17 
These studies, however, were limited by relatively small 
sample sizes.

Understanding the early complication rates, patient 
outcomes, and radiographic results of PTP is important 
for surgeons considering adopting this new technique 
in their practice. Although it is likely that the long- term 
outcomes of LLIFs performed via the PTP approach 
will be similar to those performed with the patient posi-
tioned laterally, it is important for surgeons considering 
utilizing this approach to understand the early safety 
profile of this approach. If PTP conferred a high risk 
for early adverse events, it suggests that the procedure 
in its current state should be avoided. However, if the 
safety profile is in line with previous reported outcomes 
and is similar to that of laterally performed LLIFs, then 
continued research into long- term outcomes would 
be warranted. The goal of this study is to evaluate the 
early efficacy of PTP at restoring lumbar sagittal radio-
graphic parameters and improving patient- reported 
outcome measures (PROMs). Additionally, this study 
aims to evaluate the early complications associated 

with this procedure. The authors hypothesized that PTP 
would effectively improve sagittal radiographic param-
eters and produce significant improvements in patient 
outcome measures, with a similar safety profile com-
pared with the traditional LLIF approach.

METHODS

Patient Selection

Prior to the initiation of this study, approval from the 
institutional review board was obtained. All patients 
who underwent lateral interbody fusion from a PTP 
approach were included for analysis regardless of surgi-
cal indication. Patients required a minimum of 1 month 
follow- up for inclusion. This timepoint was chosen to 
optimize the number of patients evaluated for imme-
diate postoperative complications. Surgeries occurred 
between 5 November 2020 and 30 March 2022. Patients 
were excluded if they underwent greater than 5 levels 
of overall fusion. Age and gender were collected for 
each patient. Additionally, the levels at which the PTP 
approach was used and the total number of levels instru-
mented were collected.

Surgical Technique

All surgeries were performed by 1 of 3 surgeons. 
The overall technique for the PTP approach and 
instrumentation is the same among the surgeons. 
Patients are positioned prone on a Jackson table 
with PTP bolsters (PTP Patient Positioner, ATEC, 
Carlsbad, CA, USA) to stabilize the torso and allow 
for control of separation between the pelvis and 

Figure 1. Intraoperative images depicting standard prone patient positioning. Pads placed below the axillae and around the hip induce a convex bend in the 
patient’s abdomen, opening up the near side of the disc space.
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the ribs on the operative side (Figure 1). Neuro-
monitoring (SafeOps, ATEC, Carlsbad, CA, USA) 
of somatosensory- evoked potentials and triggered 
electromyography (EMG) is utilized throughout the 
procedure. Fluoroscopy is utilized to confirm the 
correct level. An incision is made through the skin 
and fascia, followed by blunt dissection through 
the external oblique, internal oblique, and trans-
verse abdominus muscles. After piercing the deep 
fascia of the transverse abdominus, the retroperito-
neal space is developed, and the psoas is palpated. 
An appropriate docking point over the midpoint of 
the intended disc is found using fluoroscopy and 
triggered EMG to ensure a safe neurologic corridor. 
After sequential dilation, a retractor specifically 
designed for this procedure (Sigma LIF- PTP Access 
System, ATEC, Carlsbad, CA, USA) is inserted over 
the dilators and opened sufficiently to access the 
disc space. After confirming the absence of motor 
nerves within the field using an EMG probe, shims 
are inserted to stabilize the retractor. Annular release 
on the ipsilateral and contralateral side is followed 
by disc space and endplate preparation, trialing and 
insertion of the final implant (IndentiTi- LIF, ATEC, 
Carlsbad, CA, USA) packed with demineralized 
bone matrix (AlphaGRAFT DBM Putty, ATEC, 
Carlsbad, CA, USA), and impacted into the inter-
vertebral space. In cases where inadvertent anterior 
longitudinal ligament (ALL) rupture is suspected, a 
lateral antimigration plate attached to the implant 
(AMP, ATEC, Carlsbad, CA, USA) is placed. All 
cases in this series underwent posterior instrumen-
tation with either percutaneous or open pedicle 
screws and posterolateral fusion.

Radiographic Data Collection

Preoperative, as well as initial postoperative and 
3- month postoperative lateral lumbar radiographs 
were assessed for each patient. Initial postopera-
tive imaging was obtained on the first postoperative 
day in most patients and on the second postop-
erative day for any remaining patients. Patients 
with follow- up less than 3 months were excluded 
from a 3- month radiographic analysis. For each 
timepoint, lumbar lordosis (LL), SL, anterior disc 
height (ADH), and posterior disc height (PDH) 
were measured (Figure 2). LL was defined as the 
angle between the superior endplate of L1 and the 
superior endplate of S1. SL was the angle between 
the inferior endplate of the superiorly instrumented 
vertebrae and the superior endplate of the inferiorly 

instrumented vertebrae. ADH and PDH were the dis-
tances between the superior endplate of the inferior 
vertebrae and the inferior endplate of the superior 
vertebrae at the anterior and posterior intervertebral 
disc spaces, respectively.

Measurements were obtained by 2 investigators: 
a spine fellow and an orthopedic resident. To ensure 
interrater reliability between the 2 investigators, 
a random sample of 10 patients was measured by 
each investigator, and interclass correlation (ICC) 
analyses were performed. ICC values greater than 
0.8 were deemed acceptable. Measurements were 
obtained at each level with instrumentation placed 
via the PTP approach. In multilevel procedures, LL 
was only measured once. In cases of severe scolio-
sis, in which accurate segmental measurements on 

Figure 2. Illustration of sagittal radiographic parameters collected.
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lateral radiographs were not possible, patients were 
excluded from analysis.

Patient-Reported Outcomes

PROMs are collected from all patients pre- and post-
operatively at the authors’ institution, including those 
patients in this study. Outcome measures were collected 
preoperatively, as well as at 2 weeks, 6 weeks, and 3 
months postoperatively. Patients without available 
outcome measures, either due to lack of follow- up or 
lack of questionnaire completion, were excluded from 
this portion of the analysis. Oswestry Disability Index 
(ODI), the pain portion of the EQ5D (pain), the visual 
analog scale (VAS overall) portion of the EQ5D, as well 
as the VAS leg pain (VAS leg) and VAS back pain (VAS 
back) scores were collected for each patient. Addition-
ally, global rating of change pain and functional scores 
were collected for each patient. Finally, patient accept-
able symptom state scores were collected at each post-
operative visit.

Complications

To determine the rate of postoperative complications, 
a medical record review was performed by a single 
investigator. Each patient’s operative report, as well as 
their postoperative and follow- up notes was reviewed 
for all complications related to the index procedure. Hip 
flexor pain and weakness were defined as pain or weak-
ness with resisted hip flexion that occurred after the 
first postoperative day. All complications that occurred 
within 3 months of the index procedure were included.

Statistics

The number of single, 2- level, 3- level, and 4- level 
instrumentations and the disc spaces instrumented were 
expressed as proportions of the whole. For radiographic 
outcomes, paired sample t tests were used to compare 
the initial postoperative and the 3- month postopera-
tive radiographic measurements with the preoperative 
measurements. Similarly, paired sample t tests were 
used to compare PROMs at 2 weeks, 6 weeks, and 3 
months with the preoperative measurements. Global 
rating of change pain and functional scores, which are 
not obtained preoperatively because they are assess-
ments of improvement after a procedure, were reported 
as the proportion of patients who reported at least a 10 
(“a little bit better”) and those that reported at least a 
13 (“quite a bit better”). A cutoff of 10 was chosen as 
it indicates the percentage of patients who experienced 
at least mild improvement from the procedure, while 

13 was chosen as it indicates the proportion of patients 
who significantly benefied from the procedure. The per-
centage of patients reporting a positive patient accept-
able symptom state score was reported as a proportion 
of the whole. All statistical analyses were performed 
using SPSS (v28, IBM, Armonk, NY). A P value of 
0.05 or less was considered statistically significant.

RESULTS

A total of 82 patients underwent lateral interbody 
fusion via a PTP technique with a total of 133 levels 
instrumented (Table 1). The mean age was 63 ± 12 
years, and 56% of patients were women. Of the 82 
total patients, 56% were single- level PTPs, 32% were 
2- level, and 6% each were 3- or 4- level PTPs. The most 
commonly instrumented level was L4- L5 (34%), fol-
lowed by L3- L4 (33%), L2- L3 (23%), and L1- L2 (8%). 
With PTP and non- PTP instrumented levels included, 
43% of patients underwent single- level fusion, 28% 
had 2 levels fused, 16% had 3 levels fused, 10% had 
4 levels fused, and 2% had 5 levels fused. An anterior 
lumbar interbody fusion was performed concomitantly 
in 1 patient (1.2%). Single- level transforaminal lumbar 
interbody fusion was performed concomitantly in 10 
patients (12.2%), while 6 patients underwent concom-
itant 2- level transforaminal lumbar interbody fusion 
(7.3%).

The ICC values were 0.976 for LL, 0.920 for SL, 
0.940 for ADH, and 0.885 for PDH. The average preop-
erative LL was 46° ± 13°, SL was 5° ± 5°, ADH was 8 
mm ± 4, and PDH was 4 mm ± 3. LL was significantly 

Table 1. Demographics of patients undergoing the PTP approach to lateral 
lumbar interbody fusion (N = 82).

Demographics n (%)

No. of levels 133
No. of PTP
  1 46 (56)
  2 26 (32)
  3 5 (6)
  4 5 (6)
Total no. of levels fused
  1 35 (43)
  2 23 (28)
  3 13 (16)
  4 8 (10)
  5 2 (2)
Level of PTP
  L1- L2 11 (8)
  L2- L3 30 (23)
  L3- L4 44 (33)
  L4- L5 45 (34)
Gender, % women 56
Age, y, mean (SD) 63 (12)

Abbreviation: PTP, prone transpsoas.
Note: Data presented as n (%) except where otherwise noted.
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improved by 4.5° ± 8.6° on the initial postoperative 
imaging (P < 0.001) and by 4.4° ± 7.2° on 3- month 
postoperative radiographs (P < 0.001) (Table 2). SL 
increased by 6.8° ± 4.8° on initial postoperative radio-
graphs (P < 0.001) and 6.7° ± 4.4° at 3 months (P < 
0.001). ADH increased by 8.0 mm ± 3.6 (P < 0.001) 
and 7.4 mm ± 3.6 (P < 0.001) at the initial postopera-
tive and 3- month timepoints, respectively. Finally, PDH 
increased by 3.3 mm ± 2.4 (P < 0.001) and 3.1 mm ± 
2.5 (P < 0.001) at the initial postoperative and 3- month 
timepoints, respectively.

The average length of stay was 2.7 ± 4.5 days. ODI 
values initially nonsignificantly worsened at the 2- week 
postoperative visit; however, these values significantly 
improved relative to their preoperative values at 6 weeks 
(−7.7 ± 20; P = 0.023) and 3 months (−18.3 ± 17.4; P 

< 0.001) (Table 3). Pain EQ5D scores improved at all 3 
timepoints (−0.4 ± 1, –1.0 ± 1.1, –0.8 ± 0.4; P = 0.017, 
P < 0.001, P = 0.016), as did leg VAS scores (−2.3 ± 
4.1, –3.3 ± 3.6, –3.8 ± 3.4; all P < 0.001) and back VAS 
scores (−1.6 ± 2.5, –3.3 ± 3.1, –3.9 ± 3.2; all P < 0.001). 
VAS EQ5D scores remained unchanged at 2 weeks (P = 
0.541) and 3 months (P = 0.145) but were significantly 
improved at 6 weeks (6.6 ± 15.8; P = 0.012).

At 2 weeks from surgery, 53% of patients reported 
at least a “little bit better” function compared with 
their preoperative state (Figure 3). This improved to 
80% at 6 weeks and 93% at 3 months. Similarly, 39% 
reported that their function was “quite a bit better” at 2 
weeks, while 55% and 67% reported “quite a bit better” 
function at 6 weeks and 3 months, respectively. Pain 
followed a similar trend with 58% reporting at least 
“a little bit better” improvement at 2 weeks, 86% at 6 
weeks, and 87% at 3 months (Figure 4). Twenty- eight 
percent reported their pain as at least “quite a bit better” 
at 2 weeks, 67% at 6 weeks, and 73% at 3 months. At 2 
weeks from surgery 64% of patients reported being at an 
acceptable symptomatic state (Figure 5). This improved 
at 6 weeks to 76% of patients, and at 3 months to 79% 
of patients.

Sixty- two patients (76%) experienced at least 1 post-
operative complication related to their index procedure 
(Table 4). The most common complication was ipsilat-
eral hip flexor pain (45%) followed by ipsilateral hip 
flexor weakness (39%). Intraoperative ALL rupture 
occurred in 3 (3.7%) of the patients. Additionally, 4 
patients had a PTP level aborted after incision due to 
lack of a safe neurological corridor through the psoas. 
There was 1 case of subsidence >2 mm on 3- month 
postoperative radiographs. Additionally, there were 
2 cases of femoral nerve palsy (2.4%) and 2 cases of 
death (2.4%). Both femoral nerve palsies fully recov-
ered within 3 months of surgery. Both deaths were unre-
lated to the surgical approach: one of the deaths was 
secondary to complications from an aspiration pneumo-
nia sustained postoperatively, and the other death was 
of unknown cause. This death occurred 2 weeks after 
surgery in a patient who was found deceased at home 
but had otherwise been recovering uneventfully.

DISCUSSION

Patients in our study undergoing PTP LLIF 
demonstrated significant improvement in LL and 
SL as well as ADH and PDH at both initial postop-
erative imaging and 3 months. ODI improved sig-
nificantly at 6 weeks and 3 months. Pain improved 
significantly at all timepoints, while EQ5D VAS 

Table 2. Radiographic measurements.

Radiographic Measure N

Mean (SD) Change 
Compared With 

Preoperative P Value

Lumbar lordosis, °
  Initial postoperative 80 4.5 (8.6) <0.001
  3 mo postoperative 57 4.4 (7.2) <0.001
Segmental lordosis, °
  Initial postoperative 123 6.8 (4.8) <0.001
  3 mo postoperative 85 6.7 (4.4) <0.001
Anterior disc height, mm
  Initial postoperative 123 8.0 (3.6) <0.001
  3 mo postoperative 85 7.4 (3.6) <0.001
Posterior disc height, mm
  Initial postoperative 123 3.3 (2.4) <0.001
  3 mo postoperative 85 3.1 (2.5) <0.001

Note: Boldface indicates statistically significant findings with P value <0.05

Table 3. Patient- reported outcomes.

Measure N

Mean (SD) Change 
Compared With 

Preoperative P Value

ODI
  2 wk postoperative 32 6.4 (23.2) 0.129
  6 wk postoperative 38 −7.7 (20) 0.023
  3 mo postoperative 29 −18.3 (17.4) <0.001
Pain EQ5D
  2 wk postoperative 33 −0.4 (1) 0.017
  6 wk postoperative 40 −1.0 (1.1) <0.001
  3 mo postoperative 5 −0.8 (0.4) 0.016
VAS EQ5D
  2 wk postoperative 33 −2.8 (26.2) 0.541
  6 wk postoperative 40 6.6 (15.8) 0.012
  3 mo postoperative 5 16.4 (20.2) 0.145
Leg VAS
  2 wk postoperative 39 −2.3 (4.1) <0.001
  6 wk postoperative 42 −3.3 (3.6) <0.001
  3 mo postoperative 32 −3.8 (3.4) <0.001
Back VAS
  2 wk postoperative 38 −1.6 (2.5) <0.001
  6 wk postoperative 43 −3.3 (3.1) <0.001
  3 mo postoperative 31 −3.9 (3.2) <0.001

Abbreviations: ODI, Oswestry Disability Index; VAS, visual analog scale.
Note: Boldface indicates statistically significant findings.
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score demonstrated significant improvement at 6 
weeks. Both leg and back pain improved signifi-
cantly at all timepoints postoperatively. A majority 
of patients experienced at least some improvement 
in pain and function at 2 weeks from surgery, with 
67% and 73% reporting a significant improvement 
in pain and function, respectively, at 3 months. The 
most common postoperative complications were 
bilateral hip flexor pain and ipsilateral hip flexor 
weakness. Recent studies have shown similar find-
ings when evaluating the PTP approach, but none 
have included as large of a sample size as the 
current study.15–17

The maintenance and correction of sagittal balance 
are common topics within the spine surgical litera-
ture because of its direct impact on positive surgical 
outcomes and quality of life.18 LL, a key feature in 
maintaining sagittal balance, has been demonstrated 
to be especially important both clinically and func-
tionally.19–23 Alimi et al evaluated radiological out-
comes of laterally performed LLIF in 90 degenerative 
disc disease patients (145 vertebral levels) at midterm 
follow- up and demonstrated lumbar sagittal lordosis 
increases of 5.3° postoperatively (P < 0.0001) and 2.9° 
at latest follow- up (P = 0.014).24 Rothrock et al’s meta- 
analysis reported that the mean increase of SL with 

Figure 3. Function global rating of change (GROC) scores at 2 wk, 6 wk, and 3 mo from surgery.

Figure 4. Pain global rating of change (GROC) scores at 2 wk, 6 wk, and 3 mo from surgery.
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laterally performed LLIFs varied from 2.9° to 4.0°.25 
Similarly, a systematic review by Ahlquist et al demon-
strated that the mean gain of SL with LLIF was 4.4°.26 
Campbell et al evaluated short- term (mean 6.2 months) 
outcomes of laterally performed LLIF without decom-
pression for the treatment of symptomatic degenerative 
spondylolisthesis at L4- L5 and demonstrated a mean 
global lordosis increase of 2.1° (60.3° preoperatively 
and 62.4° postoperatively).1 In a radiographic review 
of 43 patients, Sharma et al found that although lateral 
LLIF significantly improved lumbar scoliosis and SL, 
there was no significant effect on global lordosis.27 
Similarly, Johnson et al evaluated the radiographic 
effects of LLIF on 22 patients and found significantly 

increased segmental LL by 3.3° (P < 0.0001), but this 
did not change overall LL or significantly alter pelvic 
indices associated with sagittal balance.28 Our data 
show that PTP LLIF improves LL and SL by 4.4° (P 
< 0.001) and 6.7° (P < 0.001), respectively, at 3- month 
follow- up. We suggest that these early results are com-
parable or superior with those reported in previous 
studies evaluating the radiologic effects of LLIF on LL. 
These improvements in lordosis may be attributable to 
the prone positioning of the patient during interbody 
insertion as opposed to laterally performed LLIFs.

Alimi et al’s study of laterally performed LLIF out-
comes at 17.6 months reported improvement in ODI 
21.1 and VAS scores for back, buttock, and leg pain 
by 21.1 and 3.7, 3.6, and 3.7 points, respectively (P 
< 0.0001).24 Campbell et al demonstrated that LLIF 
improved mean ODI score by 29.7% at 3- month fol-
low- up and 53% at 6- month follow- up.1 Phillips et al’s 
prospective multicenter study evaluated 107 patients 
with degenerative scoliosis treated with LLIF with or 
without supplemental posterior fixation and found sig-
nificant mean improvements in ODI, VAS for back pain 
and leg pain, and short form- 36 physical and mental 
component scores at 24- month follow- up.29 Similarly, 
Kotwal et al demonstrated improvements of 53%, 
43%, and 41% in VAS for pain, ODI, and the physi-
cal components summary of short form- 12, respec-
tively, at minimum 2- year follow- up after LLIF.30 Our 
study demonstrates that PTP is associated with similar 
short- term improvements in PROMs. ODI improved 
significantly at 6 weeks and 3 months. Pain improved 
significantly at all timepoints, while EQ5D VAS score 

Figure 5. Patient acceptable symptom state (PASS) scores at 2 wk, 6 wk, and 3 mo from surgery.

Table 4. Postoperative complications.

Complication n (%)

Ipsilateral hip flexor pain 37 (45.1)
Ipsilateral hip flexor weakness 32 (39.0)
Ipsilateral thigh numbness 6 (7.3)
Contralateral hip flexor pain 12 (14.6)
Contralateral hip flexor weakness 3 (3.7)
Anterior longitudinal ligament rupture 3 (3.7)
Urinary retention 6 (7.3)
Aborted prone transpsoas level 4 (4.9)
Pseudohernia 1 (1.2)
Deep vein thrombosis 1 (1.2)
Femoral nerve palsy 2 (2.4)
Pneumonia 1 (1.2)
Altered mental status 1 (1.2)
Urosepsis 1 (1.2)
Subsidence on 3- month radiographs 1 (1.2)
Foot drop 1 (1.2)
Bradycardia 1 (1.2)
Adjacent segment spondylolisthesis 1 (1.2)
ST depression on electrocardiogram 1 (1.2)
Psoas bleeding during retractor removal 1 (1.2)
Death 2 (2.4)
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demonstrated significant improvement at 6 weeks. Both 
leg and back pain improved significantly at all time-
points. While some measures such as ODI and VAS 
were initially worse upon immediate follow- up, this 
is to be expected given that initial postoperative pain 
may take weeks or months to resolve. For example, 
while ODI values initially nonsignificantly worsened 
at the 2- week postoperative visit, this proved transient 
as these values improved relative to their preoperative 
counterparts at 6 weeks (P = 0.023) and 3 months (P < 
0.001).

Reported complications following laterally per-
formed LLIF include neurologic injury, hip flexion 
weakness, vascular injury, subsidence, vertebral body 
fracture, pseudohernia, visceral injury, and wound 
infections. The incidence of thigh paresthesia and 
numbness after LLIF has been reported to range widely 
from 0.7% to 30%, and the incidence of motor weak-
ness has ranged from 3.4% to 23.7%.31–34 However, 
when neurological symptoms occur, most are tempo-
rary, with 90% resolving spontaneously within a year 
after surgery.33 In the largest consecutive case series 
of 600 patients treated with laterally performed LLIF, 
Rodgers et al reported a 0.7% incidence of transient 
neurological injury.32 Our results of thigh numbness of 
7.3% and femoral nerve palsy of 2.4% are well within 
reported ranges for both LLIF and PTP.13,17 Moreover, 
our finding of 39% hip flexor weakness is both com-
parable with the 27.5% reported by Tohmeh et al and 
likely transient.35 Subsidence was reported by Le et al 
to be 14.3% at mean follow- up of 14.3 months; our rate 
of 1.2% is significantly lower, though this finding pos-
sibly stems from our shorter follow- up duration.36

Several authors have reported the incidence of ALL 
rupture to be 8% to 9% of patients for the treatment of 
adult degenerative scoliosis using laterally performed 
LLIF.37,38 The rate of incidental rupture of the ALL 
was reported to be 0.8% with oblique lumbar interbody 
function or LLIF in a nationwide survey in Japan.39 
Maruo et al found the incidence of ALL rupture after 
adult spinal deformity surgery using oblique lumbar 
interbody function or LLIF to be 22% among patients 
and 8.6% among disc levels.40 Our cohort had a rate 
of ALL rupture of 3.7% among patients and 2.3% per 
level, suggesting decreased risk relative to laterally per-
formed LLIF. However, this may be secondary to differ-
ences in surgeon technique or due to unidentified ALL 
ruptures in this cohort.

This study has several limitations, including its retro-
spective nature, which could generate bias in data gath-
ering and analysis. Importantly, however, all PROMs 

were obtained prospectively. The authors attempted to 
utilize broad inclusion criteria to minimize selection 
bias. The short- term follow- up of 3 months does not 
allow for clear differentiation between temporary and 
permanent neurologic and pain- related complications, 
and longer- term follow- up will therefore be necessary 
for further evaluation of complications, radiographic 
parameters, and subsidence. This study was a single- 
center study in which all surgeries were performed by 3 
surgeons, which may have increased the margin of error 
and decreased generalizability. However, limiting the 
number of surgeons enabled us to ensure consistency 
of surgical technique and postoperative care. Given that 
complications were identified with use of chart review, 
there is a possibility that not all complications were doc-
umented appropriately and are therefore missing from 
the data. Moreover, our data set was missing inputs for 
PROMs due to lack of patient completion; as a result, 
there were fewer patients in these groups, which may 
have affected the results of subsequent analysis and 
may introduce a response bias.

CONCLUSIONS

This study is the largest cohort study to date to report 
early outcomes of PTP LLIF. Our patients demonstrated 
significant improvement in LL and SL, ADH and PDH, 
and PROMs at 3- month follow- up. Complications 
including hip flexor pain and weakness were compara-
ble with similar studies evaluating laterally performed 
LLIFs. While these results are limited to the immediate 
postoperative period, they are clinically important as 
they suggest that the LLIF in the prone position using 
this technique is, at least, a safe alternative to lateral 
decubitus positioning. The benefits and risks of this 
procedure are important to consider when determining 
procedure plans and counseling patients. Prospective 
study is warranted to directly compare prone position-
ing with lateral positioning for transpsoas lumbar inter-
body fusion.

ACKNOWLEDGMENTS

The authors would like to acknowledge Dr. Geneva 
Hargis for creating the illustration used in this study.

REFERENCES
 1. Campbell PG, Nunley PD, Cavanaugh D, et al. Short- term 
outcomes of lateral lumbar interbody fusion without decompression 
for the treatment of symptomatic degenerative spondylolisthesis 
at L4- 5. Neurosurg Focus. 2018;44(1):E6. doi:10.3171/2017.10.
FOCUS17566

 by guest on May 5, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/


Early Clinical Outcomes of the Prone Transpsoas Lumbar Interbody Fusion Technique

International Journal of Spine Surgery, Vol. 17, No. 1120

 2. McGowan JE, Kanter AS. Lateral approaches for the surgical 
treatment of lumbar spondylolisthesis. Neurosurgery Clinics of North 
America. 2019;30(3):313–322. doi:10.1016/j.nec.2019.02.005
 3. Taba HA, Williams SK. Lateral lumbar interbody 
fusion. Neurosurg Clin N Am. 2020;31(1):33–42. doi:10.1016/j.
nec.2019.08.004
 4. Goyal A, Kerezoudis P, Alvi MA, Goncalves S, Bydon M. 
Outcomes following minimally invasive lateral transpsoas inter-
body fusion for degenerative low grade lumbar spondylolisthesis: 
a systematic review. Clin Neurol Neurosurg. 2018;167:122–128. 
doi:10.1016/j.clineuro.2018.02.020
 5. Lehmen JA, Gerber EJ. Mis lateral spine surgery: a system-
atic literature review of complications, outcomes, and economics. 
Eur Spine J. 2015;24 Suppl 3(3):287–313. doi:10.1007/s00586-
015-3886-1
 6. Walker CT, Farber SH, Cole TS, et al. Complications for min-
imally invasive lateral interbody arthrodesis: a systematic review 
and meta- analysis comparing prepsoas and transpsoas approaches. 
J Neurosurg Spine. 2019;30(4):446–460. doi:10.3171/2018.9.SP
INE18800
 7. Goldstein CL, Macwan K, Sundararajan K, Rampersaud YR. 
Perioperative outcomes and adverse events of minimally invasive 
versus open posterior lumbar fusion: meta- analysis and systematic 
review. J Neurosurg Spine. 2016;24(3):416–427. doi:10.3171/2015.
2.SPINE14973
 8. Buckland AJ, Ashayeri K, Leon C, et al. Single position 
circumferential fusion improves operative efficiency, reduces 
complications and length of stay compared with traditional cir-
cumferential fusion. Spine J. 2021;21(5):810–820. doi:10.1016/j.
spinee.2020.11.002
 9. Quiceno E, Hartman C, Godzik J, Pacult MA, Hemphill 
C, Uribe JS. Single position spinal surgery for the treatment of 
grade II spondylolisthesis: a technical note. J Clin Neurosci. 
2019;65:145–147. doi:10.1016/j.jocn.2019.03.016
 10. Walker CT, Godzik J, Xu DS, Theodore N, Uribe JS, Chang 
SW. Minimally invasive single- position lateral interbody fusion with 
robotic bilateral percutaneous pedicle screw fixation: 2- dimensional 
operative video. Oper Neurosurg (Hagerstown). 2019;16(4):E121. 
doi:10.1093/ons/opy240
 11. Ouchida J, Kanemura T, Satake K, Nakashima H, Ishi-
kawa Y, Imagama S. Simultaneous single- position lateral interbody 
fusion and percutaneous pedicle screw fixation using O- arm- based 
navigation reduces the occupancy time of the operating room. Eur 
Spine J. 2020;29(6):1277–1286. doi:10.1007/s00586-020-06388-
6
 12. Ziino C, Konopka JA, Ajiboye RM, Ledesma JB, Koltsov 
JCB, Cheng I. Single position versus lateral- then- prone positioning 
for lateral interbody fusion and pedicle screw fixation. J Spine Surg. 
2018;4(4):717–724. doi:10.21037/jss.2018.12.03
 13. Pimenta L, Taylor WR, Stone LE, Wali AR, Santiago- 
Dieppa DR. Prone transpsoas technique for simultaneous single- 
position access to the anterior and posterior lumbar spine. Oper 
Neurosurg (Hagerstown). 2020;20(1):E5–E12. doi:10.1093/ons/
opaa328
 14. Pimenta L, Taylor WR, Stone LE, Wali AR, Santiago- 
Dieppa DR. Prone transpsoas technique for simultaneous single- 
position access to the anterior and posterior lumbar spine. Oper 
Neurosurg (Hagerstown). 2020;20(1):E5–E12. doi:10.1093/ons/
opaa328
 15. Walker CT, Farber SH, Gandhi S, Godzik J, Turner JD, 
Uribe JS. Single- position prone lateral interbody fusion improves 

segmental lordosis in lumbar spondylolisthesis. World Neurosurg. 
2021;151:e786–e792. doi:10.1016/j.wneu.2021.04.128
 16. Farber SH, Naeem K, Bhargava M, Porter RW. Single- 
position prone lateral transpsoas approach: early experience and 
outcomes. J Neurosurg Spine. 2021;1(aop):1–8. doi:10.3171/2021
.6.SPINE21420
 17. Pimenta L, Amaral R, Taylor W, et al. The prone transpsoas 
technique: preliminary radiographic results of a multicenter experi-
ence. Eur Spine J. 2021;30(1):108–113. doi:10.1007/s00586-020-
06471-y
 18. Glassman SD, Berven S, Bridwell K, Horton W, Dimar 
JR. Correlation of radiographic parameters and clinical symptoms 
in adult scoliosis. Spine (Phila Pa 1976). 2005;30(6):682–688. 
doi:10.1097/01.brs.0000155425.04536.f7
 19. Adams MA, Mannion AF, Dolan P. Personal risk 
factors for first- time low back pain. Spine (Phila Pa 1976). 
1999;24(23):2497–2505. doi:10.1097/00007632-199912010-
00012
 20. Berlemann U, Jeszenszky DJ, Bühler DW, Harms J. The 
role of lumbar lordosis, vertebral end- plate inclination, disc height, 
and facet orientation in degenerative spondylolisthesis. J Spinal 
Disord. 1999;12(1):68–73. doi:10.1097/00002517-199902000-
00011
 21. Booth KC, Bridwell KH, Lenke LG, Baldus CR, Blanke 
KM. Complications and predictive factors for the successful 
treatment of flatback deformity (fixed sagittal imbalance). Spine 
(Phila Pa 1976). 1999;24(16):1712–1720. doi:10.1097/00007632-
199908150-00013
 22. Chen I- R, Wei T- S. Disc height and lumbar index as 
independent predictors of degenerative spondylolisthesis in 
middle- aged women with low back pain. Spine (Phila Pa 1976). 
2009;34(13):1402–1409. doi:10.1097/BRS.0b013e31817b8fbd
 23. Jang J- S, Lee S- H, Min J- H, Maeng DH. Influence of 
lumbar lordosis restoration on thoracic curve and sagittal position 
in lumbar degenerative kyphosis patients. Spine (Phila Pa 1976). 
2009;34(3):280–284. doi:10.1097/BRS.0b013e318191e792
 24. Alimi M, Hofstetter CP, Cong G- T, et al. Radiological 
and clinical outcomes following extreme lateral interbody fusion. 
J Neurosurg Spine. 2014;20(6):623–635. doi:10.3171/2014.1.SP
INE13569
 25. Rothrock RJ, McNeill IT, Yaeger K, Oermann EK, Cho 
SK, Caridi JM. Lumbar lordosis correction with interbody fusion: 
systematic literature review and analysis. World Neurosurg. 
2018;118:21–31. doi:10.1016/j.wneu.2018.06.216
 26. Ahlquist S, Park HY, Gatto J, Shamie AN, Park DY. 
Does approach matter? A comparative radiographic analysis of 
spinopelvic parameters in single- level lumbar fusion. Spine J. 
2018;18(11):1999–2008. doi:10.1016/j.spinee.2018.03.014
 27. Sharma AK, Kepler CK, Girardi FP, Cammisa FP, Huang 
RC, Sama AA. Lateral lumbar interbody fusion: clinical and radi-
ographic outcomes at 1 year: a preliminary report. J Spinal Disord 
Tech. 2011;24(4):242–250. doi:10.1097/BSD.0b013e3181ecf995
 28. Johnson RD, Valore A, Villaminar A, Comisso M, Balsano 
M. Pelvic parameters of sagittal balance in extreme lateral inter-
body fusion for degenerative lumbar disc disease. J Clin Neurosci. 
2013;20(4):576–581. doi:10.1016/j.jocn.2012.05.032
 29. Phillips FM, Isaacs RE, Rodgers WB, et al. Adult degen-
erative scoliosis treated with XLIF: clinical and radiographical 
results of a prospective multicenter study with 24- month follow- up. 
Spine (Phila Pa 1976). 2013;38(21):1853–1861. doi:10.1097/
BRS.0b013e3182a43f0b

 by guest on May 5, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/


Wellington et al.

International Journal of Spine Surgery, Vol. 17, No. 1 121

 30. Kotwal S, Kawaguchi S, Lebl D, et al. Minimally inva-
sive lateral lumbar interbody fusion. J Spinal Disord Tech. 
2015;28(4):119–125. doi:10.1097/BSD.0b013e3182706ce7
 31. Berjano P, Langella F, Damilano M, et al. Fusion rate 
following extreme lateral lumbar interbody fusion. Eur Spine J. 
2015;24 Suppl 3(3):369–371. doi:10.1007/s00586-015-3929-7
 32. Rodgers WB, Gerber EJ, Patterson J. Intraoperative 
and early postoperative complications in extreme lateral inter-
body fusion: an analysis of 600 cases. Spine (Phila Pa 1976). 
2011;36(1):26–32. doi:10.1097/BRS.0b013e3181e1040a
 33. Cummock MD, Vanni S, Levi AD, Yu Y, Wang MY. An 
analysis of postoperative thigh symptoms after minimally inva-
sive transpsoas lumbar interbody fusion. J Neurosurg Spine. 
2011;15(1):11–18. doi:10.3171/2011.2.SPINE10374
 34. Knight RQ, Schwaegler P, Hanscom D, Roh J. Direct 
lateral lumbar interbody fusion for degenerative conditions: early 
complication profile. J Spinal Disord Tech. 2009;22(1):34–37. 
doi:10.1097/BSD.0b013e3181679b8a
 35. Tohmeh AG, Rodgers WB, Peterson MD. Dynamically 
evoked, discrete- threshold electromyography in the extreme lateral 
interbody fusion approach. J Neurosurg Spine. 2011;14(1):31–37. 
doi:10.3171/2010.9.SPINE09871
 36. Le TV, Smith DA, Greenberg MS, Dakwar E, Baaj AA, 
Uribe JS. Complications of lateral plating in the minimally invasive 
lateral transpsoas approach. J Neurosurg Spine. 2012;16(3):302–307. 
doi:10.3171/2011.11.SPINE11653
 37. Caputo AM, Michael KW, Chapman TM, et al. Extreme 
lateral interbody fusion for the treatment of adult degenerative 
scoliosis. J Clin Neurosci. 2013;20(11):1558–1563. doi:10.1016/j.
jocn.2012.12.024
 38. Castro C, Oliveira L, Amaral R, Marchi L, Pimenta L. Is the 
lateral transpsoas approach feasible for the treatment of adult degen-
erative scoliosis? Clin Orthop Relat Res. 2014;472(6):1776–1783. 
doi:10.1007/s11999-013-3263-5
 39. Fujibayashi S, Kawakami N, Asazuma T, et al. Com-
plications associated with lateral interbody fusion: nationwide 
survey of 2998 cases during the first 2 years of its use in Japan. 
Spine (Phila Pa 1976). 2017;42(19):1478–1484. doi:10.1097/
BRS.0000000000002139
 40. Maruo K, Arizumi F, Kusuyama K, Kishima K, Tachib-
ana T. Incidence and risk factors of anterior longitudinal ligament 

rupture after posterior corrective surgery using lateral lumbar 
interbody fusion for adult spinal deformity. Clin Spine Surg. 
2021;34(1):E26–E31. doi:10.1097/BSD.0000000000001000

Funding: The authors received no financial support 
for the research, authorship, and/or publication of this 
article.

Declaration of Conflicting Interests: 
Hardeep Singh and Isaac Moss are paid consultants for 
Alphatec.

Disclosures: Ian Wellington, Christopher Antonac-
ci,Chirag Chaudhary, Ergin Coskun, Mark Cote, and 
Scott Mallozzi have nothing to disclose. Hardeep Singh 
serves as a consultant for Stryker and Alphatec. Isaac 
Moss receives royalties from Spineart and Alphatec, 
owns stock in Spinal Simplicity and Orthozon, and is 
a consultant for Stryker, Biedermann, Alphatec, Spine-
wave and Nuvasive.

Ethics Approval: Approval was obtained from 
our institution’s institutional review board prior to the 
initiation of this study.

Corresponding Author: Isaac L. Moss, Depart-
ment of Orthopedics, The University of Connecti-
cut, 120 Dowling Way, Farmington, CT 06032, USA;  
Imoss@ uchc. edu

Published 23 January 2023
This manuscript is generously published free of charge 
by ISASS, the International Society for the Advance-
ment of Spine Surgery. Copyright © 2023 ISASS. To 
see more or order reprints or permissions, see http:// 
ijssurgery. com.

 by guest on May 5, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/

	Early Clinical Outcomes of the Prone Transpsoas Lumbar Interbody Fusion Technique
	Abstract
	INTRODUCTION
	METHODS
	Patient Selection
	Surgical Technique
	Radiographic Data Collection
	Patient-Reported Outcomes
	Complications
	Statistics

	RESULTS
	DISCUSSION
	CONCLUSIONS
	Acknowledgments

	References


