
Review began 07/24/2024 
Review ended 07/30/2024 
Published 08/03/2024

© Copyright 2024
Uotani et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

DOI: 10.7759/cureus.66070

Navigation-Guided C-arm-Free Minimally
Invasive Transforaminal Lumbar Interbody
Fusion: A Comparative Study of Cage Orientation
and Screw Insertion Accuracy Against the
Conventional C-arm-Assisted Technique
Koji Uotani , Masato Tanaka , Chetan Kumawat , Sharvari Gunjotikar , Yoshiaki Oda ,
Kensuke Shinohara , Tadashi Komatsubara , Shinya Arataki , Toshifumi Ozaki 

1. Department of Orthopaedic Surgery, Okayama University Hospital, Okayama, JPN 2. Department of Orthopaedic
Surgery, Okayama Rosai Hospital, Okayama, JPN 3. Department of Orthopaedic Surgery, Okayama University Graduate
School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama, JPN

Corresponding author: Masato Tanaka, tanaka0896@gmail.com

Abstract
Background: Minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF) is a widely utilized
technique in spine surgery. This study compares the efficacy and safety of MIS-TLIF performed with
traditional C-arm fluoroscopy and C-arm-free O-arm navigation. To the best of our knowledge, our study is
the first to compare cage positioning between C-arm-free and C-arm techniques for MIS- TLIF.

Methods: A retrospective, comparative analysis was conducted on 43 patients undergoing MIS-TLIF. The
group was divided based on the utilization of C-arm fluoroscopy or C-arm-free O-arm navigation. Key
parameters analyzed included cage orientation, screw insertion accuracy, operative efficiency, and
postoperative recovery. Radiographic measurements were used to assess surgical precision and
perioperative complications were documented.

Results: The study encompassed 43 patients, with no significant differences in demographic characteristics
between the two groups. Surgical time and blood loss were comparable between C-arm-free and C-arm
groups. O-arm navigation significantly reduced pedicle screw misplacement (p=0.024). Cage positioning
differed between groups (p=0.0063): O-arm cages were mostly mid-center, while C-arm cages were more
anterior-center. Such differences in the cage location did not cause any impact on clinical outcome. No
significant differences were observed in postoperative complications (screw loosenings, dural tears, surgical
site infections) between groups. The Oswestry Disability Index scores at the final follow-up showed no
significant difference between the O-arm and C-arm groups, indicating similar levels of postoperative
disability.

Conclusion: Despite the clinically insignificant difference in cage placement between C-arm-free and C-arm
dependent, C-arm-free MIS-TLIF significantly improves screw placement accuracy and reduces radiation
exposure to operating stuff. This suggests its potential as a valuable tool for safer and more precise spinal
fusion surgery.

Categories: Neurosurgery
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Introduction
From degenerative disc disease to spondylolisthesis, spanning a broad spectrum, these conditions can
significantly impair function and quality of life, underscoring the immense challenge we face in managing
these debilitating conditions [1]. Previously, transforaminal lumbar interbody fusion (TLIF) has been a
common surgical procedure for addressing these conditions, with the goal of alleviating pain, improving
spinal stability, and enhancing function. Now, minimally invasive transforaminal lumbar interbody fusion
(MIS-TLIF) has emerged as a pivotal technique in spine surgery, offering significant advantages over
traditional open approaches [2-4]. This method reduces tissue trauma, blood loss, and postoperative pain,
facilitating quicker recovery times for patients with degenerative lumbar disease [5,6]. However, the
precision of pedicle screw placement and cage insertion remains a critical concern due to the limited visual
field in minimally invasive procedures [7,8]. The advent of imaging guidance systems, particularly the use of
intraoperative C-arm, has been a significant advancement in this field. It provides real-time imaging,
enabling accurate screw placement and cage alignment [9]. Nonetheless, the use of fluoroscopy raises
concerns about the exposure of both patients and surgical teams to ionizing radiation [5]. Prolonged
radiation exposure is associated with potential health risks, necessitating the exploration of alternative
imaging modalities.
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O-arm navigation systems have recently been introduced as a solution to mitigate these concerns. These
systems provide three-dimensional intraoperative imaging with reduced radiation exposure, potentially
enhancing the accuracy of hardware placement without the associated risks of traditional fluoroscopy [9].
The application of O-arm navigation in MIS-TLIF procedures in spinal surgery potentially combines the
benefits of minimally invasive techniques with the precision of instrumentation [10]. The adoption of new
technologies like O-arm navigation in MIS-TLIF warrants thorough investigation to establish their efficacy
and safety.

Despite the increasing use of navigated and C-arm-guided MIS TLIF, there is a dearth of literature
comparing the outcomes of these two methods. Therefore, this study aims to compare the outcomes of MIS-
TLIF performed with traditional C-arm fluoroscopy to those utilizing C-arm-free O-arm navigation,
focusing on surgical outcomes such as cage orientation and screw insertion accuracy, operative efficiency,
and postoperative recovery.

Materials And Methods
Study design
We conducted a retrospective, comparative study of patients undergoing MIS-TLIF. The participants were
divided into two groups based on whether the procedure was performed with C-arm-free O-arm navigation
or with the use of C-arm fluoroscopic guidance. This investigation adhered strictly to the ethical standards
set forth in the Declaration of Helsinki for medical research involving human subjects and received approval
from the institutional review board of our hospital.

Patients selection
The inclusion criterion was any patients who underwent one or two level TLIF due to lumbar degenerative
diseases. The study encompassed 43 consecutive patients. These procedures were conducted at a single
medical institution over the period from April 2017 to April 2019. The exclusion criteria were inaccessibility
of data and less than one year of follow-up. Each patient was followed up for a period exceeding one-year
post-surgery. Functional outcome was evaluated using the Oswestry Disability Index (ODI) in follow-up
periods. Inclusion criteria were (1) lumbar spondylolisthesis grade 1 or 2; (2) Persistent mechanical lower
back pain with or without lower limb radiation pain, confirmed by radiologic findings; and (3) Failure of
more than three months of conservative treatment, or recurrent attacks of symptom. Exclusion criteria were
(1) lumbar spondylolisthesis grade 3 or more; and (2) the presence of infectious diseases, metabolic bone
diseases, spinal trauma, deformities, or tumors.

Surgical procedures of C-arm-free O-arm navigation-guided MIS-TLIF
Patients were placed in a prone position under general anesthesia. A reference frame was attached to the
percutaneous pin, which was fixed into the ilium near the posterior superior iliac spine. Following this, an
O-arm scan was performed to obtain reconstructed 3D images. Using the navigation system, percutaneous
pedicle screws (PPS) were accurately inserted. Skin incisions made for both cranial and caudal PPS were then
connected on the symptomatic side. Facet joints were resected using an osteotome, and this local bone graft
was used for bone grafting. The disc space was prepared with navigated instruments to ensure appropriate
direction and depth. A banana cage was inserted with a bone graft. The end position of the cage was
confirmed using a navigated pointer. Finally, rods were anchored to the screws followed by a compression
procedure to ensure stability and alignment (Figure 1).
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FIGURE 1: Surgical technique of C-arm-free TLIF
Place the reference frame percutaneously into the ilium near the posterior superior iliac spine and capture images
with the O-arm. Use the navigation to determine the pedicle screw entry point and create a mini-open incision at
the midpoint between the facet joint and the pedicle screw entry point on the side intended for cage insertion. On
the cage insertion side, perform tapping up to the screw hole (A); on the contralateral side, insert the pedicle
screw. Under navigation, resect the facet joint and intervertebral disc (B), then insert and rotate a banana-shaped
cage without the use of a C-arm. After cage placement, use a navigated pointer to approximate the position
verification (C). Confirm final positioning with X-ray imaging (D).

TLIF: transforaminal lumbar interbody fusion

Surgical procedures for MIS-TLIF with C-arm
The same steps were followed in this procedure under the guidance of a C-arm instead of an O-arm. The
banana cage was inserted under C-arm guidance.

Radiographic measurements
The positioning of the cage was assessed using postoperative CT images. In the axial view, the vertebral
body was divided into nine segments by trisecting lines in both the sagittal and coronal planes. Additionally,
the rotation of the cage was defined by the angle created between a horizontal baseline and a line extending
from the center of the cage to the center of the spinal canal (Figure 2). Screw malposition was defined as
Gertzbein-Robbins scale grade C or more (pedicle breach > 2mm) [11].
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FIGURE 2: Positioning and orientation of spinal cages
(A) An axial view illustration of the vertebral body, segmented into three equal sections in the sagittal and coronal
planes.

(B) The orientation angle (θ) of the cage is defined by the line extending from the center of the cage to the center
of the spinal canal, in relation to a horizontal baseline.

The presence of screw loosening and non-union were diligently evaluated by two experienced spine
surgeons using postoperative functional X-ray and CT images obtained at the final follow-up.

Complications
In assessing complications, the incidence of dural tears, neurological deterioration, epidural hematoma, and
surgical site infections were specifically investigated within each group.

Statistical analysis
Ordinal scale data in this study were analyzed using the Mann-Whitney U test, while continuous variables
were evaluated using the independent samples t-test, a parametric method ideal for comparing the means of
two independent groups. Nominal scale data were compared using Fisher's exact test to determine the
presence of nonrandom associations between two categorical variables. All statistical calculations were
meticulously performed using GraphPad Prism version 6.0 (GraphPad Software, La Jolla, CA, USA). Statistical
significance was set at p<0.05, with this threshold guiding the identification of meaningful differences and
associations within the study's findings.

Results
Patient demographics and characteristics
The study encompassed 43 patients, with mean ages of 73.8 and 65.7 years in the C-arm-free and C-arm
groups, respectively. Detailed demographic characteristics, including age and gender distributions, are
presented in Table 1. No significant differences in age and gender were observed between the groups.
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Patient demographics C-arm free C-arm p-value

Number of patients (N) 30 13 -

Age (years) 73.8 65.7 0.144

Sex (M/F) 18/12 7/6 0.747

Total number of Intervertebral disc levels 34 14 -

L2/3 4 1 -

L3/4 3 3 -

L4/5 14 4 -

L5/S 13  6 -

Total number of pedicle screws 136 70 -

TABLE 1: Patient demographics
The statistical analysis was done by Fisher's exact test and a significant difference was set at p<0.05.

Surgical outcomes
The surgical time for the C-arm group was 153.2 minutes, while for the C-arm-free group, it was 184.4
minutes, with no significant difference (p-value=0.054) between them. Similarly, blood loss was comparable
between the groups, with the C-arm group experiencing 520.8 mL and the C-arm-free group 416.2 mL (p-
value=0.288). These results are depicted in Figure 3.

FIGURE 3: The duration of surgery and estimated blood loss per level
There was no significant difference in the duration of surgery (A) and estimated blood loss (B) between the group
undergoing surgery without a C-arm and the group undergoing surgery with a C-arm. The statistical analysis was
done by the Mann-Whitney U test and a significant difference was set at p<0.05.

Comparison of cage positioning
In the C-arm-free group, cages were predominantly positioned at the mid-center of the endplate, with 65%
at the mid-center, followed by 32% at the anterior-center. Conversely, in the C-arm group, cages were more
frequently placed at the anterior-center of the endplate, with 64% at the anterior-center and 22% at the mid-
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center (p=0.0063, Fisher’s exact test). The average cage rotation angle was 74 degrees in the C-arm-free
group and 77 degrees in the C-arm group, with no significant intergroup difference (p=0.919, Figure 4).

FIGURE 4: Cage position and rotation analysis
(A) Cage positioning in the C-arm-free group, showing a tendency for cages to be placed at the mid-center of the
endplate. (B) Cage positioning in the C-arm group, with cages more frequently located at the anterior-center of the
endplate. (C) Cage rotation in both groups, with an average rotation angle of 74 degrees in the C-arm-free group
and 77 degrees in the C-arm group. The statistical analysis was done by the Mann-Whitney U test and a
significant difference was set at p<0.05.

Evaluation of complications
The C-arm-free group exhibited significantly fewer pedicle screw malpositions compared to the C-arm group
(p=0.024), with one in the C-arm-free group and four in the C-arm group. The incidence of pedicle screw
loosening, nonunion, dural tears, and surgical site infection rates did not significantly differ between the
groups (Table 2). Notably, no cases of epidural hematoma, neurological deterioration, or cage back out were
observed in either group.

Surgical complications C-arm free C-arm p-value

Number of patients (N) 30 13  -

Pedicle screw malposition 1 4 0.024

Patients with pedicle screw loosening 2 4 0.350

Malunion (cases) 0 2 0.086

Dural tear (cases) 3 2 0.630

Post-operative infection (cases) 1 0 0.999

TABLE 2: Surgical complications: C-arm-free group versus C-arm group
The statistical analysis was done by Fisher's exact test and a significant difference was set at p<0.05.

The ODI (%) at final follow-up
At the final follow-up, the ODI percentages were 26.3 in the C-arm group and 35.8 in the C-arm-free group,
revealing no significant differences (p=0.196) (Figure 5).
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FIGURE 5: ODI (%) at final follow-up
No significant differences were observed in the ODI (%) between the C-arm group and the C-arm-free group at
the last follow-up. The statistical analysis was done by the Mann-Whitney U test and a significant difference was
set at p<0.05.

ODI: Oswestry Disability Index

Discussion
In the current study, we have compared radiologic and clinical outcomes of two techniques used in MIS-
TLIF; C-arm-free and C-arm dependent techniques. Our findings demonstrated that although no clinical
outcome difference was present, pedicle screw misplacement was significantly higher in C-arm-dependent
MIS-TLIF. Additionally, there was no significant difference in operating time and blood loss among the two
techniques. MIS-TLIF presents a compelling alternative to open TLIF. These methods appear to produce
comparable clinical outcomes to open TLIF, showing similar improvements in ODI and Visual Analog Scale
(VAS) scores during follow-up, as well as comparable fusion rates with no significant differences [8]. The
advent of minimally invasive technology and instruments has heightened patients' preference for
minimizing iatrogenic injury during and after surgery. Hence, contemporary technologies such as O-arm
navigation, capable of delivering real-time intraoperative 3D images of the operative area to enhance the
precision of pedicle screws and cage insertion, are increasingly being embraced nowadays [9]. The use of O-
arm navigation in C-arm-free MIS-TLIF demonstrated comparable precision in pedicle screw placement and
cage orientation to traditional C-arm techniques [10]. However, there is a paucity of studies comparing the
outcomes of C-arm-free and C-arm-assisted MIS-TLIF procedures.

As far as we know, our research is the first to examine the differences in cage positioning between C-arm-
free and C-arm techniques. Spinal fusion cages play a crucial role in maintaining intervertebral disc height,
promoting bony fusion, and restoring lumbar lordosis in MIS-TLIF surgery [11]. Numerous studies have
highlighted the significance of cage placement within the disc space as a critical factor influencing cage
migration [12]. The incidence of cage migration varies from 0.8% to 23% in the literature [13]. Such
migration of the cage can lead to direct compression of the neurological elements, the development of
nonunion, and failure of the instrumentation [14].

The difference in cage location arose from the inability of the navigation system to monitor the cage rotation
and such a difference had not any clinical importance. The importance of cage positioning within the disc
space for achieving primary stability has been underscored by various biomechanical studies [15,16]. There
is currently no universally agreed-upon standard for the optimal placement of cages during lumbar
interbody fusion procedures. Some studies suggest that positioning the cage as anteriorly as feasible within
the disc space not only reduces the risk of migration but also aids in achieving optimal lordosis [17].
However, biomechanical research highlights the potential benefits of placing the cage at the posterolateral
endplate to minimize the likelihood of cage subsidence [18]. Interestingly, we found significant differences
in cage placement between the two groups. In the C-arm-free group, cages were predominantly positioned
at the mid-center of the endplate, while in the C-arm group, cages were more frequently placed at the
anterior-center. This variation can be attributed to the use of banana cages, which are not compatible with
navigation.

There were no significant differences in operative time and blood loss between both techniques, indicating
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that O-arm navigation can achieve similar efficiency as the C-arm method [19,20]. In contrast to our study, a
study conducted by Peng et al. reported longer operative times with navigation-assisted procedures [6]. This
discrepancy may be attributed to differences in surgical techniques, the learning curve of surgical staff, or
variations in the navigation systems utilized [6]. Importantly, the use of O-arm navigation substantially
reduces the surgeon's exposure to ionizing radiation, a critical occupational hazard in procedures utilizing
fluoroscopy [2,21]. This benefit enhances the overall safety of the procedure for medical personnel [22]. In
our study, the personnel in the operating room were not exposed to radiation at any phase of the procedure.

In our study, the C-arm group had a higher incidence of pedicle screw malpositioning (four cases) compared
to only one case in the O-arm group (p=0.024). However, the difference in pedicle screw loosening between
the groups was not statistically significant (p=0.208). The significant reduction in pedicle screw
malpositioning in the O-arm group suggests that O-arm navigation may enhance surgical accuracy, which is
directly linked to patient safety and the success of fusion procedures [23,24]. Numerous studies have
corroborated this discovery, demonstrating that navigated techniques result in a notable decrease in the
incidence of screw misplacement [25-27]. The findings from these studies revealed that 69-94% of the
screws remained entirely within the pedicle during freehand technique, 28-85% during fluoroscopy, and 89-
100% during CT navigation [27,28]. In navigation-assisted procedures, the ability to visualize axial scans
provides enhanced anatomical detail compared to conventional C-arm imaging. Additionally, real-time
insertion guidance allows for live monitoring of instrument placement, offering surgeons greater precision
and confidence during the procedure [29].

Other surgical complications such as nonunion, dural tear, neurological deterioration, and surgical site
infections did not show significant differences between the two groups. Both groups showed similar
postoperative disability levels, as indicated by the ODI percentage at the final follow-up. This suggests that
the choice between C-arm-free and traditional C-arm methods might not significantly impact patient
recovery and long-term quality of life, making O-arm navigation a viable option for MIS-TLIF [30].

The study's limitations include its retrospective design, small sample size, and the need for longer follow-up
to assess long-term outcomes. Navigation systems also have limitations such as calibration errors, sight
obstruction, intraoperative changes, learning curves, cost and infrastructure, and potential for technology
failure. Future research directions include conducting prospective, randomized trials to compare navigation-
assisted versus C-arm-guided MIS-TLIF and evaluating the cost-effectiveness of navigation-assisted
surgery.

Conclusions
This study highlights that O-arm navigation significantly improves screw placement accuracy in MIS-TLIF,
with acceptable cage placement, and clinically comparable outcomes to traditional methods. The reduction
in radiation exposure with O-arm use emphasizes its promise for enhancing surgical team safety. These
encouraging results advocate for the broader adoption of O-arm navigation in spinal fusion surgeries,
marking a step forward in surgical precision and safety.
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