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Abstract
Background: To compare the clinical, surgical and radiographic outcomes of O-arm navigated C-arm free,
simultaneous single-position oblique lumbar interbody fusion (OLIF) and percutaneous pedicle screw
(PPS) �xation with minimally invasive posterior/ transforaminal lumbar interbody fusion (MI-PLIF/TLIF).

Methods: This is retrospective comparative study. The study included 98 patients, 63 in single position
OLIF (group SO) and 35 in MI-PLIF/TLIF (group P/T). Surgical time, blood loss, mobilization time after
surgery and complications were analyzed for all patients. Clinical evaluation included visual analog scale
(VAS) for back pain, oswestry disability index (ODI). Radiological parameters included cage height (CH),
cage to disc ratio (CDR), DH change, pre and postoperative disc height (DH), foraminal height (FH),
foraminal area (FA), segmental lordosis (SL).

Results: In group SO (vs group P/T), surgical time, blood loss and mobilization time were 117.7± 34.1
minutes (171.8 ± 40.6 minutes, p<0.000001), 139.2 ± 82.0 ml (vs. 374.2 ± 247.7 ml, p<0.000001) and 2.7
±1 .0 days (vs 3.9 ± 2.4 days, p<0.000001) respectively. The CH, CDR, DH change and postoperative DH,
FH, FA increase were statistically signi�cant in group SO compared to group P/T. VAS and ODI
improvement were similar in both groups. Mobilization time is shorter in group SO. Total complication
rate in group SO was 7% while that in group P/T was 11%.

Conclusions: Simultaneous single position O-arm navigated C-arm free OLIF reduces the surgical time,
blood loss, mobilization time after operation without the risk of an adverse event of intraoperative
radiation to operating staff. Good indirect decompression can be achieved with this method. Clinical
results were similar in both groups.

Introduction
Spinal instability due to degenerative, traumatic, infectious and neoplastic diseases may require fusion
[1]. Posterior lumbar interbody fusion (PLIF) and transforaminal lumbar interbody fusion (TLIF) are
widely accepted procedures for this purpose. However, they involve paraspinal muscles stripping,
posterior vertebral bone removal, neural tissue handling and risk of dural tear which in long term may
lead to chronic back pain [2]. To solve these problem, minimally invasive PLIF/TLIF (MI- PLIF/TLIF) were
introduced to reduce some of these complications [3]. Mayer described less invasive retroperitoneal pre-
psoas approach; which is now equivalent to oblique lumbar interbody fusion (OLIF) [4]. OLIF has
advantages like indirect decompression with less exposure related morbidity, less postoperative pain [5].
This technique also reduces blood loss, accelerates recovery, preserves of posterior structures and there is
no neural tissue handling [6]. In conventional OLIF, cage insertion is done in lateral position followed by
posterior pedicle screw (PPS) insertion in prone position. This requires change of position which
increases operative time and medical cost [7]. To reduce operative time, we started doing single-lateral
position OLIF [8]. To further reduce the operative time we reported O-arm navigated single position OLIF
with simultaneous PPS insertion by two surgeons in 2017 [9]. There are very few studies comparing the
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clinical, surgical and radiographic outcomes of the simultaneous single-position OLIF and PPS �xation
with MI PLIF/TLIF performed with O-arm navigation. The aim of this study is to compare the same.

Methods
This study was approved by ethics committee of our institute. We retrospectively included 98 patients
with lumbar degenerative disease treated with simultaneous single-position OLIF-PPS (63 patients -
Group SO) and MI-PLIF/TLIF (7 patients PLIF and 28 patients TLIF total 35 - Group P/T) for a single level
from May 2017 to January 2020. More than 1 year follow up were performed for all cases. Group SO
included 20 men, 43 women while Group P/T included 15 men and 20 women.

Surgical settings and procedures for single-position OLIF
This procedure is performed in right lateral decubitus position with neuromonitoring. Hinged carbon �ber
table is used to facilitate O-arm scan. Patient is kept at posterior aspect of table and secured with tape.
Table is bent 15 to 20 degrees to open up the disc spaces. Bone graft is taken from posterior iliac crest
and reference frame is applied to sacroiliac joint through same incision. O-arm scan is obtained and
images are transmitted to Stealth station navigation system Spine7R (Medtronic, Medtronic Sofamor
Danek, Minneapolis, MN, USA). Navigation instruments are registered and using navigated pointer skin
incision is marked for intended bilateral PPS and disc space. Through a 2 cm incision, cranial PPS are
inserted on either sides into the cranial vertebra (L4) with the help of navigated instruments by the �rst
assisting surgeon. The main surgeon simultaneously proceeds with OLIF cage insertion. The navigated
probe helps to center the 4 cm left oblique skin incision. The �bers of external oblique, internal oblique
and transversus abdominis muscles are split during exposure. The navigated �rst navigated dilator is
placed anterior to psoas at the disc space level and sequential dilation is performed until a 22mm tubular
retractor can be placed. The self-retaining retractors are applied over anterior aspect of psoas.
Discectomy, cage insertion and PPS are done simultaneously by 2 separate surgeons using navigated
instruments alternately (Figure 1, 2). The important point is after putting distal PPS (L5), then insert the
cage because of the navigation accuracy will be changed if the OLIF cage is inserted �rst. Complete
procedure is described in another article of ours [9].

Surgical settings and procedures for MI-PLIF/TLIF
In the MI-PLIF/TLIF group, with use of navigation PLIF patients undergo mini-open partial laminectomy,
bilateral cage with bone graft insertion, and PPS. In navigated TLIF, patients are operated with mini-open
unilateral facetectomy, bean cage with resected lamina tip bone graft insertion, and PPS. All patients
undergo �xation with navigated PPS.

Clinical evaluation
Clinical outcomes assessment included visual analogue scale (VAS) for back pain and Oswestry
disability index (ODI). This data was collected preoperatively and post surgery at 3, 6, 12 and 24 months.
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The time for ambulation was documented in each group. Any intraoperative or postoperative
complications were noted.

Surgical evaluation
Surgical time, blood loss, mobilization time post surgery, any complications like neurological de�cit, dural
tears, end plate fracture, infection, epidural hematoma, reoperation, implant failure and misplacement
were noted.

Radiographic Evaluation
The following radiological outcomes were measured: Pre and postoperative disc height (DH), foraminal
height (FH), foraminal area (FA), segmental lordosis (SL). The cage to disc ratio (CDR) and DH change
were determined on CT. Cage height (CH) used during surgery was documented.

DH was calculated as the mean value of anterior disc height (ADH) and posterior disc height (PDH). ADH
was measured as the distance between the 2 endplates at the anterior aspect of disc space and PDH was
measured as the distance between the 2 endplates at the posterior aspect of disc. FH was measured as
the distance between the inferior pedicle of cranial vertebra and the superior pedicle of the caudal
vertebra. FA and CDR were measured by using a digitalized tool measuring the area in the picture
archiving and communication system (SYNAPSE5, Fuji�lm medical system, USA). All the data were
assessed by 2 senior spine surgeons KU and YF.

The lumbar interbody union was evaluated in each group at one year follow-up CT.

Statistical Analysis
Continuous variables were presented as the mean ± SD and categorical variables as counts. Comparison
between groups was performed using Mann–Whitney U test and Chi-squared test, with p value < 0.05
considered statistically signi�cant. All analyses were performed using SPSS (version 19.0; IBM).

Results
Patients’ demographic data and level of fusion are given in Table 1. Pre and postoperative clinical,
surgical and radiographic data are summarized in Table 2 and Figure 3 to 5. Mean follow up period for
group SO was 32.9 ± 7.0 months and that for group P/T was 33.7 ± 7.5 months (ranging from 34 to 12
months) in both groups. Surgery time was less in group SO (112.0 ± 32.4 minutes) than group P/T (171.8
± 40.6 minutes) with p <0.00001. Blood loss was 139.2 ± 82.0 milliliters in group SO while that in group
P/T was 374.2 ± 247.7 milliliters with p <0.00001 (Figure 3). The time for ambulation was signi�cantly
shorter in group SO than group P/T (2.7 ± 1.0 days vs 3.9 ± 2.4 days, respectively; p <0.00001).

In radiological parameters, preoperative statistical difference in DH, FA, SL was not signi�cant between
both groups except FH which showed statistically signi�cant difference (group SO 14.4 ± 4.5 millimeters
vs group P/T 11.7 ± 5.3 millimeters; p < 0.021). Cage height used was signi�cantly more in group SO
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(10.1 ± 1.3millimeters) than group P/T (7. 8 ± 1.0 millimeters) with p <0.00001. CDR was 5.2 ± 1.9 in
group SO and 2.5 ± 2.3 in group P/T. The CDR, postoperative DH, FH and FA were high in group SO than
group P/T and the difference was statistically signi�cant with percentile increase of 64% in DH, 25% in
FH and 30% in FA in group SO (Figure 4, 5). The fusion rate of group SO and group P/T at one year
follow-up were 96.8% and 94.2%, respectively (p =0.9849).

The change in VAS and ODI were not statistically signi�cant between both groups. There was one case of
reference frame site incision infection which was treated with dressings and antibiotics and four cases
had thigh pain and hip �exion weakness which resolved in 2 months in group SO. While two cases in
group P/T had dural tear and two cases had hematoma which required evacuation. Thus, total
complication rate was 6.3% in group SO and 14.1% in group P/T. These results are summarized in Table
3.

Discussion
PLIF and TLIF are established procedures for lumbar fusion. However, these techniques are associated
with complications like paraspinal muscle injury, damage to posterior support structures, prolonged
muscle retraction, di�culty in disc space visualisation and preparation, need for revision surgery [1, 10].
These led surgeons towards indirect decompression which relies on restoration of disc height leading to
increase in foraminal height, stretching of ligamentum �avum and posterior longitudinal ligament
restoring central spinal canal [11]. OLIF and lateral lumbar interbody fusion (LLIF) provide advantages
like, indirect neural decompression with solid bone fusion, large cage insertion, low risk of cage
subsidence, less incidence of dural tears. Compared to posterior procedures, there is better restoration of
coronal and sagittal pro�le [12, 13]. One of the indirect decompression procedures is LLIF which utilizes
trans-psoas route [14]. But LLIF has unique disadvantages like lumbar plexus injury and psoas muscle
weakness [15]. With conventional LLIF, C-arm usage is necessary and navigated implants and
instruments are di�cult to use. For these reasons, OLIF has received considerable attention as it provides
enhances the visual operative �eld, reduces, neurological complications, approach is anterior to psoas
and navigated implants are available [1, 13, 16].

Traditionally with OLIF procedure, a cage is inserted in lateral position and PPS is done in prone position.
This needs change of position leading to increase surgical time. It has been proved that single position
OLIF reduced surgery time by almost 60 minutes [7, 8]. Another comparative study reported that,
navigated single position OLIF reduces operative time by 30 minutes compared to repositioning OLIF [17].
With our technique, OLIF can be performed under navigation in lateral position in single sitting with
simultaneous interbody fusion and PPS �xation. With our procedure, mean operative time reduces by
around 60 minutes compared group P/T. This less operative time reduces medical cost and allows faster
turnover of cases. With OLIF there is less tissue trauma and no damage to posterior structure. Due to this
reason patients can be mobilized and discharged earlier [16]. The time for ambulation in our study for
group SO was 2.7 ± 1.0 days while that in group P/T was 3.9 ± 2.4 days. Clinical results of ODI and VAS
were no difference between two groups. This indicates indirect decompression was effective for group
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SO (OLIF cases). In our patients operated with OLIF, DH increased by 64%, FH by 25% and FA by 30% due
to indirect decompression. Lin et al. in their study showed that after OLIF, DH, FH, FA increased by 49%,
19% and 64% respectively [6].

The total complication rate in group SO was 6.3% and that in group P/T was 14.1%. In the study by Lin et
al complication rate was 36% in the OLIF group and 32% [16]. A meta-analysis reported that complication
rate after OLIF was 26.7% with psoas weakness being most common complication [18]. There are less
complications in OLIF our cases compared to literature [19–21]. This can be because of use of
neuromonitoring and O-arm navigation. Though not statistically signi�cant group P/T showed better
correction of SL compared to group SO in our patients. This can be because of use of lateral position for
OLIF which does not allow for greater correction of lordosis.

There is concern about radiation hazard is for MIS surgeons and staff working high volume centres. Our
O-arm navigated C-arm free technique is without any radiation exposure to operating staff. There is
argument about increased radiation to patients, but it has been observed that it takes around 20 to 24
seconds to get O-arm scan. This is equivalent to 1.5 minutes of �uoroscopy [22]. We further reduce
radiation exposure to patient by setting low �eld of view and low dose mode of O-arm.

Though indirect decompression being an excellent method, it too has some limitations. It has been
reported that indirect decompression fails to give good results in severe central canal stenosis, gross
motor de�cit and cauda equina syndrome [22]. There are limitations of our study. Foremost, sample size
in group P/T was relatively smaller than in group SO, with increased sample size required to con�rm our
�ndings. The preoperative FH was higher in group SO than group P/T, this can be selection bias of
surgeon towards PLIF or TLIF for severely stenotic cases. Further research is warranted to clarify the long-
term clinical outcome.

Conclusion
Simultaneous single position O-arm navigated C-arm free OLIF reduces the surgical time, blood loss,
ambulation time after operation without the risk of an adverse event of intraoperative radiation to
operating staff. Good indirect decompression can be achieved with this method. Clinical results were
similar in both groups.
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Figures

Figure 1

Intraoperative picture showing two surgeons operating simultaneously. The patient is in the right lateral
position, left is the main surgeon, right is the assistant surgeon applying a rod percutaneously, reference
frame is attached at the left posterior iliac crest.



Page 12/15

Figure 2

O-arm images showing navigated cage and screw placement. An OLIF cage is inserted in coronal view (A)
and axial view (B). Pedicle screw tapping is performed in sagittal view(C) and axial view (D)
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Figure 3

Radiological measurement Disc height (AB+CD)/2, Segmental lordosis=angle AEB, Cage height=
(FG+HI)/2, Cage to disc ratio=(AB+CD)/(FG+HI), Foraminal height= JK, Foraminal area=gray area

Figure 4

Difference in operative time and blood loss in group SO and group P/T. A; 69 years man L4-5 OLIF, B; 79
years woman L4-5 PLIF
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Figure 5

Difference of cage height used, preoperative and postoperative DH, CDR, DH change in group SO and
group P/T.
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Figure 6

Preoperative and postoperative FH and FA change in group SO and group P/T.

Figure 7

Legend not included with this version
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