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Introduction

Over the years, healthcare spending has exhibited a 
consistent upward trend on a global scale (1,2). This 
complex issue is influenced by various determinants 
encompassing government policies, the structure of 
healthcare financing, and the escalating costs associated 

with medical equipment and healthcare personnel (3,4). 
These multifaceted factors often lie beyond the realm of 
most healthcare practitioners. However, clinicians possess 
a distinctive vantage point from which they can actively 
contribute to the containment and efficient management of 
healthcare expenditures through their clinical practices (5). 
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In surgical practice, the operating theatre (OT) is a 
resource intensive environment, with studies reporting 
OT costs to be the second most expensive contributor to a 
patient’s surgical care (6). Recent evidence has suggested that 
variations in surgeon’s experience and preference influenced 
OT resource usage (7). In the field of orthopaedics, studies 
on resource optimisation have mostly focused on joint 
replacement surgeries (8-10). The literature on cost analysis 
of spine surgeries is sparse. 

Recent data indicate a notable surge in the volume of 
elective lumbar fusion surgeries. Concurrently, there has 
also been a noticeable upwards trend in the average cost 
associated with these procedures (11). Among the various 
techniques for lumbar fusion, lateral lumbar interbody fusion 
(LLIF) emerges as a highly effective minimally invasive 
surgical choice for patients afflicted with degenerative lumbar 
disease (12,13). LLIF is routinely performed with posterior 
instrumentation for improved biomechanical stability 
of the segment (14). Traditionally, LLIF and posterior 
instrumentation were staged procedures. However, technique 
advancements have enabled some surgeons to perform 
both interventions in a single operative session, albeit 
necessitating two different patient positions, lateral decubitus 
for LLIF and a prone position for percutaneous pedicle 
screw (PPS) insertion (15). The most recent evolution in this 
surgical technique has resulted in both LLIF and posterior 
instrumentation being executed in a singular patient 
position (16-19). 

With the elimination of positional changes during 
this single-staged, single-position LLIF procedure, 

the authors postulate that there will be a reduction in 
resource utilization. The principal objective of this study 
was to assess the aforementioned hypothesis. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jss.amegroups.com/article/
view/10.21037/jss-24-20/rc).

Methods

This was a retrospective cohort study conducted in a 
tertiary academic hospital in Singapore with ethics approval 
obtained from the Singhealth Centralised Institutional 
Review Board (IRB), approval number 2023/2505. Informed 
consent was waived as de-identified data was used for the 
analysis. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). 

All patients who underwent single-stage anterior-
to-psoas (ATP) LLIF by the senior author between 
September 2020 and September 2023 were identified. 
Patients who underwent revision fusion surgery were 
excluded. Demographic details included were gender, 
age and Charlson Comorbidity Index (CCI). Operative 
variables collected were duration of surgery and if surgery 
was performed in a single position (SP) or dual position 
(DP). Complications evaluated were intra-operative 
complications such as dura tear, injury to nerve roots 
and anaesthesia related complications. Peri-operative 
complications included were bleeding requiring blood 
transfusion, deep vein thrombosis or pulmonary embolism, 
myocardial infarction, pneumonia, urinary tract infection, 
delirium, unplanned return to theatre, superficial surgical 
site infection and inpatient mortality. Variables related to 
resource usage that were of interest included length of stay 
(days), implant fee (Singapore dollars, SGD), consumables 
fee (SGD), anaesthetist fee (SGD) and facility fee (SGD).

Statistical analysis

Stata 14.0 (College Station, TX, USA) was used for 
statistical analysis. The distribution characteristics of each 
group were explored, including skewness, mean, and type 
of distribution. To compare quantitative outcomes between 
groups, the Mann-Whitney U-test was utilised, presenting 
results as medians with interquartile range (IQR). As the 
outcome measures were skewed, they were log-transformed 
to approximately conform to normality.

To provide a comprehensive view beyond median 
comparison, quantile regression was employed, assessing 
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differences across various quantiles of the data. Additionally, 
Generalized Linear Models (GLMs) with suitable 
distribution patterns (e.g., Gamma) were utilized to account 
for the nature of our outcome variables. These models were 
adjusted for CCI and levels. Significance level was defined 
as P<0.05. 

Operative procedure

After intubation, the patient was placed in a right lateral 
decubitus position with hips in slight flexion to relax the 
psoas muscle. The target segment was identified using 

intra-operative c-arm fluoroscopy. Following which, the 
surgical field was cleaned and draped. This included the 
planned location for pedicle screw fixation (Figure 1). After 
skin incision, the external oblique, internal oblique and 
transversus abdominis muscles were bluntly dissected for 
access to the retroperitoneal space. The psoas muscle was 
identified and retracted posteriorly. With the extraperitoneal 
fat acting as a cushion, the abdominal organs were retracted 
anteriorly. Once the intervertebral space was visualised, 
a guide needle was inserted and position was confirmed 
with fluoroscopy. A tubular retractor with an attached light 
source was then inserted into the surgical plane to facilitate 
access. This was followed by annulotomy and disc space 
preparation. A combination of curette, end-plate shaver, 
pituitary rongeur and Kerrison rongeur were used to ensure 
thorough disc space preparation. Following which, trial 
implants were inserted. Once the desired implant size was 
selected, the actual implant with allograft was inserted. 
Fluoroscopy was used to check the position of implant 
and once it was satisfactory, the surgical site was irrigated, 
Floseal used for haemostasis, and closure was performed in 
layers. 

SP

When performing SP LLIF, the patient remains in the 
right lateral decubitus position. The reference array was 
then inserted on the left iliac crest. Following which, the 
O-arm® (Medtronic plc.; Surgical Technologies, Louisville, 
USA) was brought into the surgical field and draped, before 
being brought to the vertebral levels of interest (Figure 2). 
Anteroposterior and lateral radiographs were performed 
to confirm the level followed by a computer tomography 
scan. The data was then transferred to the navigation 
system (StealthStation S8; Medtronic, Minneapolis, MN, 
USA). A planar probe was used to guide the skin incisions 
for the insertion of the pedicle screws. After skin incision, 
a navigated Jamshidi needle (CareFusion, San Diego, 
CA, USA) was used to create a pedicle tract. A Kirschner 
wire was passed through the Jamshidi needle to maintain 
the trajectory. Following which the Jamshidi needle was 
removed. The cannulated pedicle screw was inserted 
via the Kirschner wire using a navigated screw driver  
(Figure 3). The wire was removed once the screw was in 
place. Rods were inserted and radiographs were performed 
using the O-arm®. Once position was satisfactory, the 
rods were locked in place. A final set of radiographs was 
performed prior to closure.

Patient’s lumbar region 
in a lateral position

Caudal

Left

Cranial

Right

Figure 1 Surgical field cleaned and draped to expose planned 
locations for pedicle screws.

Patient’s abdomen in a 
lateral position

Cranial

Left

Right

Figure 2 Patient with reference array on left iliac crest and O-arm 
positioned over vertebral levels of interest.
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DP

In DP LLIF, after closure of the abdominal incision, 
all drapes were removed. The patient was then turned 
prone. Following which, all members of the surgical 
team performed surgical scrubbing and gowning again. 
The surgical field for posterior instrumentation was then 
clean and draped. Surgical exposure was performed for 
attachment of the reference array on the spinous process in 
greatest proximity to the vertebral levels of interest. The 
next steps for O-arm® positioning and navigated screws 
insertion were similar to what was described above. 

Post-operative instructions

All patients were reviewed by the physiotherapist on 
the same day or on post-operative day one. They were 
allowed ambulation with lumbar corset post-operatively. 
Radiographs were performed after patients ambulated. 
They were discharged after completion of three doses of IV 
antibiotics and when cleared by physiotherapist for home.

Results

A total of 20 patients were identified. There were 6 patients 
(5 males, 1 female) in the SP group and 14 patients (9 males, 
5 females) in the DP group. The median age of patients in 
the SP group was 67 [62, 72] years while the median age 
of patients in the DP group was 66 [58, 71] years. There 
were no significant difference in the distribution of the 
CCI between the two groups (P=0.27). Among the six 
patients in the SP group, 4 (66.6%) had single level fusion, 
1 (16.7%) had two level fusion and another patient (16.7%) 
had three level fusion. Among the 14 patients In the DP 
group, 5 (35.7%) had single level fusion, 6 (42.9%) had two 
level fusion and 3 (21.4%) had three level fusion. There 
was no significant difference in the distribution of levels 
of fusion between the two groups (P=0.57). None of the 
patients had intra-operative complications. There were no 
recorded post-operative complications in the SP group, but 
one patient in the DP group developed pneumonia post-
operatively. The above is summarised in Table 1. 

The median length of stay for both the SP and DP 
groups was four days. However, from the GLM model, 
the SP group was associated with a 44.6% decrease in the 
length of stay (P=0.02) compared to the DP group, holding 
CCI and levels constant. The median operative time for 
the SP group was 150 min (IQR, 140–240 min) while the 
operative time for the DP group was 282.5 min (IQR, 
210–420 min), P<0.001. The median implant fee ($15,815 
vs. $20,371, P=0.91), consumables fee ($2,509 vs. $3,839, 
P<0.001) and anaesthetist fee ($188 vs. $216, P=0.43) for 
the SP group were all lower than the DP group although 
only the difference in consumables fee achieved statistical 
significance. When comparing the median facility fee, the 
SP group was slightly higher at $1,553 compared to $1,467, 
but this was not statistically significant (P=0.85). When 
comparing the median sum of implants, consumables, 
anaesthetist and facility fees between the two groups, SP 
had a lower cost ($21,881, IQR, 19,290–30,902) compared 
to DP ($32,297, IQR, 23,031–35,640), P=0.24. More details 
can be found in Table 2. 

Discussion

The rising healthcare cost is not unique to the spine service, 
but also reflected in the greater healthcare system (1,2). As 
the aging population continue to drive healthcare expenses, 
there is a growing imperative to seek innovative solutions 

Patient’s lumbar region 
in a lateral position

Right

Caudal Cranial

Left

Figure 3 Pedicle screw insertion with navigated screw driver.
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for cost containment. In this paper, we have demonstrated 
a reduction in operative time as well as cost in single level 
LLIF when performed in a SP compared to DP.

LLIF has been gaining popularity as a minimally 
invasive technique for treating degenerative lumbar spinal 
conditions. It allows for the implantation of a larger 
fusion cage with increased fusion rate (20), while avoiding 
posterior structures in the spine such as the nerve roots and 

ligamentum flavum. This technique also facilitates indirect 
decompression and is able to restore both sagittal and 
coronal alignment (21). Figure 4 demonstrates pre-operative 
lumbar spine radiographs of a patient who underwent SP 
LLIF by the senior author, while Figure 5 demonstrates 
the post-operative lumbar spine radiographs of the same 
patient. 

When performed with the conventional technique, the 

Table 1 Demographics

Variable All Single position Dual position P value

No. of patients 20 6 (30.0) 14 (70.0) –

Age (years) 66 [62, 71.5] 67 [62, 72] 66 [58, 71] 0.71

Gender 0.61

Male 14 (70.0) 5 (83.3) 9 (64.3)

Female 6 (30.0) 1 (16.7) 5 (35.7)

CCI 0.27

0 9 (45.0) 1 (16.7) 8 (57.1)

1 5 (25.0) 2 (33.3) 3 (21.4)

2 6 (30.0) 3 (50.0) 3 (21.4)

Levels 0.57

1 9 (45.0) 4 (66.6) 5 (35.7)

2 7 (35.0) 1 (16.7) 6 (42.9)

3 4 (20.0) 1 (16.7) 3 (21.4)

Patients with post-operative 
complications

1 (5.0) 0 (0.0) 1 (7.1)—pneumonia >0.99

Data are presented as median [IQR] or n (%). CCI, Charlson Comorbidity Index; IQR, interquartile range.

Table 2 Resource usage comparisons between single position and dual position

Variable Single position (n=6) Dual position (n=14) Adjusted coefficient 95% CI P value

Length of stay (days)* 4 [2, 4] 4 [4, 12] −0.59 −1.09, −0.08 0.02

Operative time (minutes)* 150 [140, 240] 282.5 [210, 420] −0.10 −1.0, −0.24 <0.001

Implant fee (SGD)* 15,815 [14,700, 21,900] 20,371 [15,020, 25,820] −0.001 −0.02, 0.02 0.91

Consumables fee (SGD)* 2,509 [2,091, 2,940] 3,839 [3,032, 4,479] −0.05 −0.08, −0.03 <0.001

Anaesthetist fee (SGD) 188 [103, 305] 216 [215, 616] −0.05 −0.16, 0.07 0.43

Facility fee (SGD)* 1,553 [866, 2,391] 1,467 [1,426, 4,358] −0.007 −0.08, 0.07 0.85

Sum of implant, consumables, 
anaesthetist and facility fees (SGD)*

21,881 [19,290, 30,902] 32,297 [23,031, 35,640] −0.01 −0.03, 0.01 0.24

Data are presented as median [IQR]. *, adjusted for levels and CCI. SGD, Singapore dollars; CI, confidence interval; IQR, interquartile range; 
CCI, Charlson Comorbidity Index. 
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patient is required to be in two positions, lateral for LLIF 
and prone for posterior instrumentation. The surgery 
may be staged, or done in a single setting with positional 
change intra-operatively. With further developments in this 
surgical technique, spine surgeons were able to perform the 
procedure with the patient remaining in a SP throughout 
the surgery (16-19). It was reported by Ziino et al. that DP 
LLIF had a longer OT time compared to SP and was likely 
due to the intra-operative position change (18). This result 
is consistent with what we have demonstrated in this study. 
The reduction in OT time has also resulted in a reduction 

of anaesthetist fee. Repositioning intra-operatively can also 
be associated with complications from anaesthesia such 
as endotracheal tube displacement (22). None of the DP 
patients in this study had such complications due to the 
meticulous care provided by the anaesthetists. With the 
elimination of position changes in SP LLIF, the usage of 
consumables was also reduced. Consumables include a new 
set of sterile drapes, new set of surgical gown and gloves 
for all staff scrubbing up for the case, as well as prone face 
cushions and ocular paddings for the patient. All these 
add up to a significant cost for patients and the healthcare 
service. From the results in this study, the total cost of 
implants, consumables, anaesthetist fee and facility fees was 
more than $10,000 lower in the SP group compared to the 
DP group, with the most significant cost reduction achieved 
among consumables. The SP group was also associated 
with a shorter length of acute hospital stay compared to the 
DP group after correcting for CCI and number of levels 
fused. This outcome may be attributed to the reduced 
operative time and as a result, reduced time under general 
anaesthesia (GA). Although GA remains the predominant 
anaesthesia modality in spine surgery, prolonged time under 
GA is associated with its own set of complications as well 
as increased LOS (23). In order to mitigate the effect GA 
has on post-operative recovery, recent advancements in 
spine surgery include awake spinal fusion. Previous studies 
have reported that awake spinal fusion was associated with 
a shorter time to ambulation and decreased LOS (24,25). 
While most studies have reported on awake transforaminal 
lumbar interbody fusion (TLIF), the literature on awake 
LLIF is sparse. Further research is warranted to evaluate 
awake LLIF. 

While innovation for cost savings is a worthy pursuit, 
it must not compromise clinical outcomes. Ouchida  
et al. performed a cohort study comparing the outcomes 
of SP to DP LLIF. Like our study, PPS was inserted under 
navigation guidance. They reported a reduction in intra-
operative time without significant difference in rates of 
PPS misplacement and endplate injury. The Japanese 
Orthopaedic Association (JOA) score was also evaluated at 6 
months and there was no significant difference between the 
two groups (17). Another study comparing SP to DP LLIF 
was performed by Cheng et al., PPS insertion was performed 
without navigation guidance. There was no significant 
difference in rates of PPS misplacement. The post-operative 
visual analogue scale (VAS) score and Oswestry Disability 
Index (ODI) was also similar between the two groups (16). 
However in Ziino et al.’s study comparing SP to DP LLIF 

Figure 4 Pre-operative lumbar spine anterior-posterior and lateral 
radiographs.

Figure 5 Post-operative lumbar spine anterior-posterior and 
lateral radiographs.
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where PPS insertion was performed without navigation 
guidance, endplate fracture occurred in 7.1% of patients in 
the SP group and screw removal was required for 4.8% of 
patients in the SP group. The DP group did not have these 
complications (18). Although computed tomography (CT) 
scans were not performed post-operatively for patients in 
our study, none of the patients required screw removal and 
all post-operative radiographs were reviewed by the senior 
author and screw positions were satisfactory. In another 
study by Blizzard et al., fusion rate among patients who 
underwent SP LLIF was evaluated with CT at 6 months 
and was reported as 87.5% (19). This was similar to a meta-
analysis reporting LLIF rates to be 91.6% (20).

It is worth noting that PPS placement with the patient in 
a lateral position is not conventional and may pose as a steep 
learning curve for some spine surgeons (26). If performed 
under fluoroscopy guidance, the rate of screw misplacement 
may be higher in the hands of less experienced surgeons. 
However, with the aid of navigation, PPS insertion in 
the lateral position can be performed more safely and  
accurately (27). From the senior author’s experience, extra 
care has to be taken when inserting the left pedicle screw 
as the effect of gravity on the soft tissues can affect the 
direction of the screwdriver and hence the screw position.

This study possesses several notable strengths. It 
comprises a consecutive series conducted by a single surgeon 
within a single tertiary hospital, and with a standardised 
post-operative recovery protocol. This eliminates potential 
variations that could compromise the validity of the results, 
enhancing the reliability and comparability of the outcomes. 
The potential confounding factors and the variable accuracy 
of data collection via a registry method were not present. 
The small number of patients in this study is a limitation 
the authors recognise. This was also a retrospective cohort 
study and potential factors that can influence the outcomes 
of interest were not fully within control.

Conclusions

SP LLIF with navigated PPS insertion described in this 
paper is a MIS technique with reduced resource usage. 
Previous studies on SP LLIF reported equivalent clinical 
outcomes when compared to conventional LLIF performed 
in two positions. In our institution, the overall cost of SP 
LLIF with navigated PPS was lower than single stage DP 
LLIF. However, more studies are required to evaluate the 
long term outcomes of SP LLIF.
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