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Objective: Endoscopic transforaminal lumbar interbody fusion (Endo-TLIF) has gained in-
creasing popularity among spine surgeons. However, with the use of fluoroscopy, intraop-
erative radiation exposure remains a major concern. Here, we aim to introduce Endo-TLIF
assisted by O-arm-based navigation and compare the results between O-arm navigation
and fluoroscopy groups.

Methods: Sixty-four patients were retrospectively analyzed from May 2019 to September
2020; the nonnavigation group comprised 34 patients, and the navigation group comprised
30 patients. Data on radiation dose, blood loss, postoperative drains, surgery time, com-
plications, and length of hospital stay (LOS) were collected. Clinical outcomes were evalu-
ated from postoperative data such as fusion rate, Oswestry Disability Index (ODI), and vi-
sual analogue scale (VAS). Radiation dose and surgery time were selected as primary out-
comes; the others were second outcomes.

Results: All patients were followed up for at least 12 months. No significant differences were
detected in intraoperative hemorrhage, postoperative drains, hospital LOS, or complica-
tions between the 2 groups. The radiation dose was significantly lower in the navigation
group compared with the nonnavigation group. The time of cannula placement and pedicle
screw fixation was significantly reduced in the navigation group. No significant differences
were detected between the clinical outcomes in the 2 groups (VAS and ODI scores).
Conclusion: The present study demonstrates that O-arm-assisted Endo-TLIF is efficient
and safe. Compared with fluoroscopy, O-arm navigation could reduce the radiation expo-
sure and surgical time in Endo-TLIF surgery, with similar clinical outcomes. However, the
higher doses exposed to patients remains a negative effect of this technology.

Keywords: Endo-TLIF surgery, O-arm device, Fluoroscopy, Surgery time, Percutaneous

pathway, Radiation exposure

(LDD), which causes pain and disability. Spinal fusion is con-
sidered an effective technique for treating LDD, and this tech-

As the elderly population continues to grow, an increasing  nique is continuously developing to achieve the goal of maxi-

number of people suffer from lumbar degenerative disease =~ mizing outcomes and minimizing morbidity. Minimally inva-
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sive spinal (MIS) surgery has gained popularity among spinal
surgeons because of advances that reduce intraoperative trau-
ma, require smaller incisions, require less recovery time, and
result in fewer perioperative complications."* Spinal endoscopy
techniques have developed rapidly and are widely used in treat-
ing LDD. A newly emerging endoscopic spinal surgery, endo-
scopic transforaminal lumbar interbody fusion (Endo-TLIF), is
manipulated via the transforaminal corridor with little bone re-
moval and maximum preservation of the surrounding struc-
tures.>* Many previous studies have suggested that Endo-TLIF
is an effective and safe procedure for LDD.>”

However, as in other MIS surgeries, fluoroscopic assistance is
essential for Endo-TLIF because surgeons must reach the prop-
er target and place the pedicle screws percutaneously. In fact,
fluoroscopy is used both in the first step and throughout the
procedure because it is difficult to identify the operation direc-
tion through the percutaneous pathway. In addition, further
fluoroscopic checks are required for the insertion of the poly-
etheretherketone (PEEK) cage and fixation of the pedicle screws.
Therefore, intraoperative radiation exposure for both patients
and surgeons is of significant concern.

In recent years, navigation systems have been successfully ap-
plied in various surgical fields® including neurosurgery, endos-
copy, bronchoscopy, and arthroscopy. They are also used in spi-
nal surgery, and many studies have suggested that they can ef-
fectively reduce radiation exposure and surgical time.”"!

There have been very few studies on the navigation systems
used in Endo-TLIE Therefore, we aimed to introduce Endo-TLIF
using the O-arm-based navigation system and compare the re-

sults between the navigation and fluoroscopy groups.

MATERIALS AND METHODS

We retrospectively analyzed 64 patients who underwent En-
do-TLIF assisted by O-arm navigation or conventional 2-dimen-
sional (2D) fluoroscopy in our center between May 2019 and
September 2020. The Ethics Committee of the Second Affiliat-
ed Hospital of Army Medical University approved this study,
and written informed consents were obtained from all patients.
Patients who met all of the following criteria were included: (1)
age >18 and <80 years, (2) diagnosis of lumbar spondylolis-
thesis (below Meyerding grade II), lumbar instability, or lumbar
spinal nerve canal stenosis, and (3) conservative therapy for >3
months prior. The exclusion criteria included inoperable physi-
cal ailments or mental disease, history of lumbar spinal surgery,
spinal infection or tumor, and traumatic lesions. One experi-

https://doi.org/10.14245/ns.2143324.662

enced surgeon performed all the surgeries.

Perioperative data such as radiation dose, blood loss, postop-
erative drains, surgery time, complications, and length of hos-
pital stay (LOS) were collected. In addition, the time required
for specified steps in the surgery was recorded, including the
navigation set-up time, cannula placement time, and percuta-
neous pedicle screw fixation time. Clinical outcomes were eval-
uated from postoperative data such as Oswestry Disability In-
dex (ODI), visual analogue scale (VAS), and modified MacNab
criteria. Surgical complications were assessed, including severe
nerve root injury, vascular damage, hematoma, and cauda equi-
na injury. Additionally, patient spine fusion was assessed using
computed tomography (CT) images at 12 months postopera-
tively. The bridging trabecular bone formation between the ver-
tebral body was regarded as solid fusion in the CT images. Ra-
diation dose and surgery time were selected as primary outcomes,
and the others were secondary outcomes. The radiation dose
was collected from the radiation generator, and the duration of
radiation exposure was also collected.

1. Endo-TLIF Assisted by O-arm Navigation Surgical

Procedure

Patients with general anesthesia were placed in the prone po-
sition. A nerve monitoring system monitored somatosensory-
evoked potentials and free-running electromyography through-
out the operation. Two K-wires (2.0-mm diameter) were used
to anchor the reference frame to the iliac crest (Fig. 1A). Next,
the O-arm (O-arm Surgical Imaging System and Stealth-Sta-
tion; Medtronic, Minneapolis, MN, USA) was used to obtain
intraoperative 3-dimensional (3D) images (Fig. 1B). Then ac-
quired CT pictures were instantly transmitted to the computer,
and multiplanar images of the lumbar spine were reconstructed
using the navigation system. Subsequently, surgical instruments
were registered to be traced intraoperatively in real time. In gen-
eral, navigation preparation time, including reference frame
fixation, O-arm scan, picture transmit, and instrument registra-
tion, is less than 10 minutes.

The entry point of pedicle screws was determined using 3D-
image guidance to optimize screw length and avoid neurovas-
cular structures. The pedicle screw was placed at a suitable depth
using a navigated screwdriver (Fig. 2A, B). The image of screw
trajectory and position was displayed on the monitor in real
time, and the surgeon could make appropriate adjustments ac-
cording to the image (Fig. 2C, D). After the screws were in place,
C-arm was used to confirm the final position of the screws. Next,
we use a spinal needle to reach the target point via the naviga-

www.e-neurospine.org 377



Gong J, et al.

Endoscopic Lumbar Interbody Fusion Assisted by Navigation

Fig. 1. (A) The percutaneous iliac pin with attached reference array is fixed in place. (B) The O-arm device is in place and pre-

pared for image capture.

Fig. 2. (A) Image of a navigated screwdriver with an attached tracking array, and (B) it was registered intraoperatively. (C, D)
The track of the Access Tracker was visible in real time and the surgeon could make appropriate adjustments.

tion system. Sequential dilation was performed to expand the
soft tissue, and a double-cannula device was docked on the lat-
eral aspect of the facet joint to perform foraminoplasty under
navigation guidance. The navigation system showed the depth
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and pathway of the reamer or bone drill on a computer screen
in real time until foraminoplasty was completed (Fig. 3). After
the working cannula was advanced through the dilator and its
position was confirmed using C-arm, reamers of different di-
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Fig. 3. (A, B) The navigated trocar-like puncture probe was used during foraminoplasty. (C) The entire puncture trajectory was
designed and accurately assisted by navigation. (D) The depth of the processed intervertebral space was evaluated by the Access
Tracker.

ameters were used to remove the degenerative disc tissue. There-
after, the intervertebral disc was filled with allografts and recom-
binant human bone morphogenetic protein, and PEEK cages
were implanted via an expandable tube (ZELIE Sanyou, China).
The final position of PEEK cages was identified using C-arm.
Finally, a standard percutaneous endoscopic lumbar discecto-
my procedure was performed.

2. Surgical Technique of Endo-TLIF Assisted by C-arm

The operation was performed with the assistance of tradition-
al fluoroscopy, as previously reported.'” After surgery, analgesic
and anti-inflammatory treatments were administered.

3. Statistical Analysis

The IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA)
was used to analyze data, and Statistical significance was defined
as p-values less than 0.05. Statistics are expressed as mean + stan-
dard deviation or frequency. The Independent-sample t-test,
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chi-square test, and Mann-Whitney U-test were used to exam-
ine differences between the 2 groups, as appropriate.

RESULTS

Thirty-four patients were included in the nonnavigation group
(14 men and 20 women), and 30 patients in the navigation group
(13 men and 17 women). The follow-up time of all patients was
at least a year. No significant differences in patient demograph-
ics were detected between the 2 groups (Table 1).

The dose of radiation administered was 7.58 +0.84 mGy in
the navigation group; this was significantly lower than in the
nonnavigation group (59.08 +9.77 mGy). The duration of radi-
ation exposure was 59 seconds in the nonnavigation group and 9
seconds in the navigation group (p<0.001). Intraoperative
blood loss, postoperative drainage, hospital LOS, and complica-
tions were not significantly different between the 2 groups (Ta-
ble 1). The navigation set-up time was 5.9 + 0.84 minutes. Both
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Table 1. Patient demographics and perioperative data

Characteristic Nonnavigation (n=34) Navigation (n=30) p-value
Sex 0.862

Male 14 13

Female 20 17
Age (yr) 53.35+£7.52 55.60+8.38 0.262
Body mass index (kg/m?) 25.18+2.90 24.74+2.21 0.503
Types of lumbar degenerative disease 0.976

Degenerative spondylolisthesis 14 13

Lumbar discogenic pain 4 3

Lumbear spinal canal stenosis 6 7

Recurrent lumbar disc herniation 4 3

Segmental instability 6 4
Surgical level

L3-4 4 2 0.792

L4-5 27 26

L5-81 3 2
Radiation dose (mGy) 59.08£9.77 7.58+0.84 <0.001
Radiation exposure duration (sec) 59 (46-72) 9(6-12) <0.001
Blood loss (mL) 45.24+9.84 44.50+17.44 0.886
Postoperative drains (mL) 38.62+10.14 36.17+8.48 0.512
Hospital length of stay (day) 3.79+1.02 3.40+0.59 0.081
Complications (n) 2 0 0.494

Values are presented as number or mean + standard deviation.

Table 2. Comparison of surgery time between the 2 groups

Variable Nonnavigation ~ Navigation  p-value
Set-up time - 59+0.84

Cannula placement time ~ 34.6+3.7 22.6+2.7 <0.001
Pedicle screw fixed time ~ 47.1+2.8 37.0£2.8 <0.001
Total operation time 134.2+10.2 119.8£10.5 <0.001

Values are presented as mean + standard deviation.

cannula placement time (22.6 = 2.7 minutes) and pedicle screw
fixation time (37.0+ 2.8 minutes) were significantly shorter in
the navigation group. The total operation time was also reduced
in the navigation group (p<0.001) (Table 2). Compared with
preoperative scores, both VAS and ODI scores significantly
improved after surgery at different times in both groups (Table
3). Nevertheless, there were no significant differences between
the 2 groups (Table 3). The excellent and good rates were 91.2%
in the nonnavigation group and 93.3% in the navigation group.
No significant difference was observed between the excellent
and good rates of the 2 groups (p=0.682). No major complica-
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tions occurred during the surgery. Only 2 occurrences of tran-
sient ipsilateral dysesthesia were recorded, and the clinical symp-
toms disappeared with conservative treatment. The spine fusion
was 94.1% (32 cases) and 93.3% (28 cases) respectively in the
nonnavigation group and navigation group at 12 months post-
operatively, and no significant difference was observed between
the groups. However, all patients in the 2 groups had achieved
solid spine fusion at the final follow-up, and there was no sub-
sidence occurrence in both groups.

DISCUSSION

As a minimally invasive procedure, Endo-TLIF has been suc-
cessfully manipulated to treat LDD and achieve positive clinical
outcomes.”” Jin et al."” presented a consecutive case series of
Endo-TLIE demonstrating satisfactory clinical and radiological
results. It indicated that Endo-TLIF is a promising surgical al-
ternative for treating LDD. In 2020, Wu et al."* compared Endo-
TLIF with open-TLIF in the treatment of LDD, supporting the
hypothesis that Endo-TLIF is a viable option for treating single-
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Table 3. Comparison of clinic outcomes between the 2 groups

Characteristic Nonnavigation ~Navigation  p-value
VAS scores of low back
Preoperative 5.47+0.93 5.53+£0.90 0.670
1 Day 2.53+0.75 2.87+0.97 0.140
3 Months 1.06+0.55 1.00+0.37 0.602
12 Months 0.62+0.60 0.7+0.53 0.493
VAS scores of leg
Preoperative 4.61+2.71 4.83+3.14 0.276
1 Day 1.88+1.17 1.97+1.30 0.535
3 Months 0.68+0.59 0.7£0.60 0.878
12 Months 0.53+0.71 0.57+0.57 0.563
ODI scores
Preoperative 49.26+6.65  50.87+591 0.154
3 Months 11.74+7.89 12.7£6.41 0.433
12 Months 6.99£6.55 8+5.52 0.272
MacNab criteria (n) 0.682
Excellent 28 26
Good 3 2
Fair 1 2
Poor 2 0
Fusion rate (%) 94.1 93.3 1.000

Values are presented as mean + standard deviation unless otherwise
indicated.
VAS, visual analogue scale; ODI, Oswestry Disability Index.

segment LDD with little trauma, rapid recovery, and inexpen-
sive cost. These both suggest that Endo-TLIF is an effective tech-
nique with less trauma and faster recovery. Intraoperative ion-
ization-based imaging techniques are essential for MIS surgery
to expose the spine visually. Compared with open procedures,
x-rays are more frequently used during the operation, which
increases surgery time and causes harm to both patients and
medical staff.'>'® Therefore, the associated radiation exposure
remains a major concern, especially for surgeons who are fre-
quently exposed."”

Compared with open surgery, MIS techniques such as MIS-
TLIF are highly dependent on fluoroscopy as the limited expo-
sure fields and constrained working tube, which results in high-
er radiation exposure to both patients and the surgeon.”® In a
meta-analysis, the results indicated that mean fluoroscopy in
MIS-TLIF was 94 seconds which was 2-fold of open surgery.”
In addition, Godzik et al* also reported that radiation expo-
sure to the surgeon in the MIS-TLIF group was 408.3 +£192.3
uSv which was significantly higher than lateral transpsoas lum-
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bar interbody fusion (208.6+ 146.9 puSv). A previous prospec-
tive cohort study* showed that Endo-TLIF had less intraopera-
tive blood loss, less patient postoperative pain, and shorter hos-
pital stay with similar surgical outcomes when compared with
MIS-TLIE These outcomes prove that Endo-TLIF is better than
MIS-TLIF in certain diseases. However, as a less invasive sur-
gery than MIS-TLIE, there are many other percutaneous proce-
dures in Endo-TLIF besides percutaneous screw placement,
leading to more radiation exposure. The advent and develop-
ment of navigation technology have had a profound impact on
spinal surgery.”>” Computer-assisted 3D navigation can pro-
vide high-resolution images and a more detailed view of the
pedicles, improving the precision of spinal screw placement. As
reported in a previous study, the nerve injury risk and clinical
complications could be decreased through this technique.** Zhao
et al”® compared the occurrence of postoperative hydrothorax
between O-arm navigation and free-hand in spinal deformity
surgery. They found that the volume of postoperative hydro-
thorax could be significantly reduced using the O-arm naviga-
tion, and this was ascribed to the improvement in screw implan-
tation accuracy. Besides this, the O-arm navigation system can
significantly reduce the radiation exposure of surgeons. Images
can be obtained using navigation systems, with the surgeons
outside the operating theater, with no additional intraoperative
CT scan or fluoroscopy required to continue with the procedures.
A prospective randomized study compared radiation exposure
between 2D and 3D fluoroscopic techniques. The results sug-
gested that the surgeon radiation exposure in the 2D fluorosco-
py group was 9.96 times higher than that in the navigation group.”®
In the present study, the mean radiation dose in the navigation
group was 7.58 £ 0.84 mGy, much lower than that in the non-
navigation group. Our results are consistent with those of a pre-
vious study.”’

In our study, although there is an additional mean 5.9-minute
navigation set-up time before surgery, the total duration of sur-
gery in the navigation group was significantly shorter than that
in the nonnavigation group (119.8 + 10.5 minutes vs. 134.2+10.2
minutes). This may be ascribed to the reduced time of cannula
placement (22.6+ 2.7 minutes vs. 34.6 £ 3.7 minutes) and pedi-
cle screw placement (37.0 + 2.8 minutes vs. 47.1 + 2.8 minutes)
in the navigation group. The results showed that the efficiency
of Endo-TLIF was improved by navigation. In another retro-
spective study, the effect of navigation on surgical efficiency was
explored.”® The total operative time decreased significantly in
the O-arm navigation group compared with the free-hand group.
In the present study, clinical outcomes such as VAS and ODI
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scores improved significantly in the 2 groups postoperatively.
Differences between the nonnavigation and navigation groups
were not detected significantly in the VAS and ODI scores. Also,
hospital LOS and complications were not significantly different
in the 2 groups. Several previous studies have assessed the im-
pact of O-arm navigation on clinical outcomes (nerve injury
and reoperation rate). These studies support the hypothesis
that navigation-assisted spinal surgery could improve clinical
outcomes by reducing nerve injury and reoperation rates for
mispositioned screws.”>" All surgeries in our study were per-
formed by senior doctors; hence, it was not difficult for them to
place screws accurately in the lumbar pedicle. Therefore, we
did not study the screw placement. No patients underwent re-
operation in either of the 2 groups; only 2 occurrences of tran-
sient ipsilateral dysesthesia were recorded in the nonnavigation
group, and the clinical symptoms disappeared with conserva-
tive treatment.

Endo-TLIF surgery assisted by O-arm navigation offers sev-
eral advantages. First, the surgical efficiency could be improved,
especially in some percutaneous procedures, including cannula
placement and pedicle screw fixation. Second, the radiation ex-
posure to operation staff can be reduced, having a positive ef-
fect on protecting their health. In addition, surgeons can deter-
mine the desired screw sizes and rod lengths and assess the ex-
tent of the discectomy. However, some disadvantages have also
been reported. First, O-arm for intraoperative CT navigation
resulted in higher radiation doses to patients compared with C-
arm.””?* In a multicenter study, the results indicated that the
mean doses for patients in the O-arm group were 4 times high-
er than those in the C-arm group.” Radiation exposure shows a
positive dose effect in breast cancer mortality®® and has been
linked to various cancers.” Although some minimized-dose O-
arm Protocols could be used to reduce negative effects for pa-
tients,” the impact of exposure for patients in O-arm naviga-
tion remains a problem. Moreover, O-arm-assisted Endo-TLIF
surgery is comparatively expensive and may lead to an addi-
tional financial burden on patients. Although the cost of new
technologies is reducing steadily over time, more research on
cost-effectiveness is needed to justify the navigation technique
financially.”® There are some limitations to our study. This was
a retrospective study that compared the intraoperative data and
clinical outcomes between the 2 groups. The sample size was
relatively small, and inherent selected bias could not be ignored.
Randomized controlled trials with large sample sizes and long-
term follow-up are needed in future.
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CONCLUSION

We have shown that Endo-TLIF assisted by O-arm naviga-
tion is efficient and can reduce radiation exposure. O-arm navi-
gation could reduce radiation exposure and surgical time in
Endo-TLIF surgery with clinical outcomes similar to those with
fluoroscopy. Navigation is a promising alternative for patients
undergoing Endo-TLIF surgery. However, the higher doses ex-
posed to patients remain a negative effect of this technology.
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