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Novel electromagnetic-based navigation for percutaneous
transforaminal endoscopic lumbar decompression in patients with
lumbar spinal stenosis reduces radiation exposure and enhances
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Background: Percutaneous transforaminal endoscopic lumbar decompression (PTELD) is an emerging
surgical alternative for treating lumbar spinal stenosis (LSS). However, the foraminoplasty procedure
often requires repeated fluoroscopy, and endoscopy just offers a local view. No studies have focused on
decreasing radiation exposure with electromagnetic navigation assistance. This study introduces a novel
electromagnetic-based navigation (EMN) endoscopic system for PTELD in patients with LSS and compares
the results in navigation and fluoroscopy groups.

Methods: Eighty-eight patients with LSS were randomized into either a navigation (44 patients) or fluoroscopy
group. Duration of surgery, cannula placement time, radiation dose, blood loss, intraoperative pain assessment,
and postoperative hospitalization stay were evaluated. The clinical outcomes were evaluated using a visual
analogue scale (VAS), the Oswestry Disability Index (ODI), 6-minute walk test, and modified Macnab criteria.
Results: Eighty-five patients were followed-up for at least 12 months. The duration of surgery and
cannula placement time were significantly more efficient in the navigation group (P=0.03 and P<0.001).
Intraoperative pain assessment showed significantly less pain in the navigation group (P=0.038). The
radiation dose was significantly higher in the fluoroscopy group than the navigation group (P<0.001). The
VAS scores for back (P<0.001) and leg (P<0.001) pain improved significantly in both groups after surgery,
as did the ODI (P<0.001) scores. Improvements in walking ability and Macnab criteria assessments at the
12-month follow-up, assessed subjective by patient assessments did not differ between the two groups.
Conclusions: The EMN system used in PTELD for patients with LSS compared to fluoroscopy enhances
efficiency for foraminoplasty, reduces intraoperative pain and levels of radiation exposure. It results in

outcomes comparable with results using fluoroscopy.
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Introduction

Lumbar spinal stenosis (LSS) is characterized by narrowing
of the spinal canal as a consequence of bone and soft tissue
degeneration, including osteophyte formation, degeneration
of the ligamentum flavum, disc herniation, and facet
hypertrophy (1-4).

Traditionally, LSS is treated with open laminectomy,
foraminotomy, or fusion (5,6). Recently, a minimally
invasive spine (MIS) surgical technique was developed
to improve preservation of the surrounding normal
anatomical structures and to diminish intraoperative
bleeding, thus reducing recovery times (7,8). Microscopic
bilateral decompression via a unilateral approach has been
effectively demonstrated in the treatment of LSS (9).
With development of the percutaneous endoscopic
technique, percutaneous endoscopic decompression via
the transforaminal approach is also an emerging surgical
alternative for treating LSS (10,11). The procedure can be
performed with local anesthesia, especially in older patients
with concurrent, serious, or medical illnesses who cannot
tolerate conventional surgery under general anesthesia (12).
However, the partial field of vision is restricted, and
technical difficulties can arise despite the use of spinal
endoscope, even for experienced endoscopic surgeons (13).
Furthermore, the traditional percutaneous endoscopic
lumbar discectomy technique has a flat learning curve (14).
The design and intraoperative application of the proper
trajectory for puncture in foraminoplasty for LSS are
highly demanding of experience and technique (15). Cases
with a high iliac crest or severe migration magnify the
puncture difficulty (16). The extremely minimal access
of the percutaneous endoscopic technique necessitates
precise fluoroscopic localization of anatomic landmarks to
allow for preoperative determination of optimal starting
points and trajectories. Intraoperative exposure to radiation
is an indispensable part of the percutaneous endoscopic
technique, and minimization of exposure is a major concern
for both patients and the surgical team.

In this article, we introduce a novel electromagnetic-
based navigation (EMN) endoscopic system (SEEssys,
Joimax-China, Fiagon, Germany) for percutaneous
transforaminal endoscopic lumbar decompression
(PTELD) in patients with LSS. We hypothesized that the
novel endoscopic EMN technique would result in higher
efficiency in foraminoplasty and lower levels of radiation
exposure compared to imaging-guided fluoroscopy. We
analyzed the results between navigation and fluoroscopy
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groups in a prospectively controlled case series. We present
the following article in accordance with the CONSORT
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-1877).

Methods

According to a pre-defined protocol, between April 2018
and October 2018, following approval from the Ethics
Committee of The Army Medical University (written
informed consent was obtained from all patients), Eighty-
eight patients from the teaching hospital of a medical
university in southwestern China agreed to participate. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The work has been
reported in line with the CONSORT 2010 Statement (17).
All the patients were assigned randomly by a computer-
generated randomization process, in a 1:1 ratio, to the
navigation group or the fluoroscopy group. For allocation
concealment, the randomization allocation results of each
patient were deposited in a light-proof envelope by the
statistician and were not revealed to the surgeon until the
operation day. This random controlled clinical trial was
registered in a public trial registry (ChiCTR1900028523).

The inclusion criteria were: age is between 18 and
80 years; diagnosis is single-level LSS combined with disc
herniation (DH); the main complain symptoms is unilateral
neurological intermittent claudication or radicular leg
pain refractory to nonsurgical management for at least
12 weeks; and absence of significant instability. The
exclusion criteria were: symptoms without herniation or
sciatica; severe osseous central stenosis; inoperable medical
disease; peripheral nerve disease; instability; multilevel LSS;
previous lumbar surgery; spinal infections; ossification of
the ligamentum flavum; traumatic lesions; and presence of
bony metastasis. The diagnosis of LSS was based on the
presence of typical symptoms and morphology of the dural
sac on the cross-section on MRI (4,5).

Perioperative data, including duration of surgery,
cannula placement time, radiation dose, blood loss, and
intraoperative pain assessment, as well as postoperative
hospitalization stay, were recorded. Intraoperative pain
was assessed as follows: “none” = mild or no pain from the
puncture, “moderate” = moderate pain from the puncture
for a short time, “severe” = severe pain from the puncture
for a long time, and “intolerable” = pain of such a degree
that the operation should be stopped (15).

The primary outcome was the score on the Oswestry
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Disability Index (ODI, which ranges from 0 to 100). Second
clinical outcomes were evaluated using a visual analogue
scale (VAS, which range from 0 to 10), and modified Macnab
criteria (18). A 3-point improvement in the VAS score and
a 12-point improvement in the ODI score were considered
the minimum clinically important difference (19). All clinical
follow-up variables were collected preoperatively and
postoperatively at 1-, 3-; 6-, and 12-month follow-up by two
clinic researchers who were not involved in the operations.
In addition to the patient reported outcome measures, the
6-minute walk test (the distance that a patient can walk in
6 minutes) was assessed by a trial nurse at baseline and at the
12-month follow-up (20).

In the navigation group, two patients were excluded due
to the plan bias in the operation. The mean follow-up was
14.5+2.2 months. During the follow-up period, one patient
in the navigation group was lost to follow-up, leaving
41 navigation (group A) patients and 44 non-navigation
(group B) patients for final analysis.

Surgical technique

All surgeries were performed by one experienced endoscopic
surgeon.

Navigation group

The patient was placed in a prone position on a
special, nonmetallic, carbon fiber OR table to prevent
electromagnetic interference. The field generator was
placed on the gluteal or ventral side of the patient so that
the electromagnetic field encompassed the entire surgical
field. The K-wire was drilled or driven 2 cm deep into the
spinous process of the vertebral body, which was the nearest
caudal vertebra among the relevant vertebral bodies. The
localizer was fixed to the K-wire at a distance 5-10 mm
from the skin. Then, the patient tracker was attached to the
spinous process to form the reference for the coordination
system. The mapper bridge, which was placed just next to
the localizer, was identified by at least 17 markers in the
anteroposterior and lateral images for a high possibility of
successful registration (Figure I). The mapper bridge was
positioned on the back so that all the mapper symbols were
green. After lateral and anteroposterior images were taken,
the mapper bridge was not moved. Then, the fluoroscopy
images were transferred to the navigation system via a USB
drive. Once data were loaded, the system automatically
performed registration. The system could not correct
static errors that were attributable to the position and
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alignment of the navigation instrument. After confirming
registration, intraoperative 2D images were used to match
the preoperative CT data. Then, navigation was carried out
virtually, in real time, in a 3D data set.

The entire surgery was performed under local
anesthesia and optional narcotic sedation. The stylet
was removed from the 18G needle, and the IseePointer
sensor was inserted into the needle and locked with a Luer
connection. The needle was held on the multipad until the
needle symbol appeared in the top right corner. A total of
15-30 mL of 0.5% lidocaine was infiltrated into the
puncture trajectory through the needle. Under the
guidance of real-time inline navigation views, the optimal
foraminoplasty trajectory on the superior articular
process (SAP) for intracanal exposure and neurological
decompression based on different clinical diagnoses could
be easily designed and obtained (Figure 2). A puncture
guidance angle was also given during puncture, and green
was displayed when the angle was correct. Then, the
following surgical procedure was performed: (I) a guide
wire was passed through the needle, and the needle was
removed; (II) a skin incision (approximately 1.5 cm) was
made at the entry point of the guide wire; (III) the guiding
rod was held on the multipad until the symbol was chosen
automatically; (IV) the guiding rod was inserted along the
guide wire with the inline views toward the SAP; (V) a half-
serrated working tube was inserted with the navigation rod,
which consisted of the IseePointer and adapter, and was
then removed; (VI) an appropriate reamer with a handle
was introduced along the half-serrated working cannula;
(VII) the endoscope with the Iseepointer in the left flushing
canal was inserted; (VIII) the ventral osteophyte on the
SAP could be resected safely under the inline navigation
views and was removed by forceps under endoscopy with
the use of navigation views (Figure 3); (IX) after adequate
foraminoplasty, the bone-plasty and working-tube position
was confirmed through fluoroscopy, the fluoroscopic
images were basically consistent with the navigation (Figure
4); (X) the ipsilateral ligamentum flavum was removed, and
the endoscope with the Iseepoint in the left flushing canal
was inserted to confirm the location (Figure 5); (XI) the
surgical decompression of neural root could be performed
from the dorsal ligamentum to ventral herniation, until the
compression of the neural root was relieved (Figure 6).

Fluoroscopy group
The procedure was performed as above using imaging-

guided fluoroscopy, as described by Xiong et 4/. (10).
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Figure 1 The patient tracker is attached to the spinous process (red arrow), and the mapper bridge is placed next to the localizer (A); the

mapper bridge is identified by at least 17 markers on anteroposterior and lateral images (B,C).

Figure 2 Real-time inline navigation trajectory help aim for the target point to superior articular process on lateral (A) and anteroposterior

images (B).
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Figure 3 An appropriate reamer with handle is introduced along the half-serrated working cannula, then endoscope with the Iseepointer in

the left flushing canal is inserted (A); the superior articular process is resected safely under the inline navigation and endoscopy views (B,C,D).

Statistical analysis

Statistical software PASS11 (NCSS, LLC, Kaysville,
Utah, USA) was used to calculate the sample size of
this study. Significance level (a) was defined 0.05, and
power calculations (1-p) were defined 0.9. The calculated
minimum sample size was 35 patients in each group for this
trial. Descriptive assessments and analytical statistics were
performed with SPSS (version 21.0, SPSS, Chicago, IL,
USA) depending on the group characteristics. Independent
sample t tests, Chi-square tests, and Mann-Whitney U tests
were conducted for baseline data, perioperative data, and
Macnab outcome comparisons between the two groups. A
nonparametric test was used for skewed variables. Repeated-
measures analysis of variance was performed to evaluate
the outcomes (VAS and ODI) at different follow-up points
in the two groups. Paired #-tests were used to compare
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the scores at 1-, 3-, 6-, and 12-month follow-up with
the baseline scores in each group. P<0.05 (two sides) was
considered significant, and a power analysis was conducted.

Results

The demographic characteristics of the two groups were
not significantly different (P>0.05) (7able 1). Eighty-five
patients were followed-up for at least 12 months.

The duration of surgery and cannula placement time
were significantly shorter in the navigation group (P=0.03,
P<0.001). The radiation dose was significantly higher in
the fluoroscopy group (P<0.001). There was significantly
less intraoperative pain in the navigation group (P=0.038)
(Table 2). VAS and ODI scores did not differ at baseline
(P>0.05). VAS scores for back and leg pain improved
significantly in both groups after surgery and improved
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Figure 4 After adequate foraminoplasty, the bone-plasty and working-tube position was confirmed through fluoroscopy, the fluoroscopic

images (A,B) were basically consistent with the navigation (C,D). AP, anteroposterior; LT, lateral.

gradually over time, as did the ODI scores. Repeated-
measures analysis showed no significant differences in
VAS and ODI scores between the two groups. The mean
walking distance increased by 188 m (to 412 m) and by
185 m (to 405 m) in the navigation and fluoroscopy group,
respectively (Tuble 3). According to the Macnab criteria,
the total excellent and good rate was 90.6%, the fair
improvement rate was 7.1%, and two patients had a poor
result. Improvements in walking ability and Macnab criteria
assessments at the 12-month follow-up did not differ
between treatment groups (1able 4).

There were no serious complications. Transient
numbness of the leg occurred in three patients and two
patients complained of postoperative headache, and
symptoms resolved with conservative management. One
patient in group B had a poor result with incomplete
decompression of the contralateral area, which was

© Annals of Translational Medicine. All rights reserved.

demonstrated by postoperative MRI and CT. Another
patient in navigation group who had poor outcomes
still reported 6 months of symptom relief after surgery.
However, the patient complained of recurrence symptoms
at the 12-month follow-up and then received minimally
invasive transforaminal lumbar interbody fusion due to the
recurrence of LSS.

Discussion

This prospective controlled study has demonstrated
higher efficiency in foraminoplasty and lower levels of
radiation exposure in the navigation group. In this article,
we introduced a visualized endoscopic electromagnetic
navigation system, consisting of a field generator, multiple
field sensors, a processing computer, and matched
instruments (10). The EMN procedure has high accuracy
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Figure 5 The ipsilateral ligamentum flavum is removed (A), and the endoscope with the Iseepoint in the left flushing canal is inserted to

confirm the location (B,C). N, nerve; LF, ligamentum flavum; DH, disc herniation.

Figure 6 The surgical decompression of neural root can be performed from the dorsal to ventral, until the compression of the neural root is

relieved (A); the real-time decompression location on lateral and anteroposterior images (B,C). N, nerve.

similar to optical navigation and eliminates the line-
of-sight restrictions inherent in optical systems. The
EMN procedure has the advantage of being compatible
with nonrigid instruments, such as puncture needles,
and the potential for expanded applications in MIS and
percutaneous procedures, where the instruments to be
tracked may be flexible (21,22). EMN with an image-

© Annals of Translational Medicine. All rights reserved.

guided application of thoracic pedicle screws results in a
decrease in fluoroscopic radiation exposure and the degree
of perforation compared with conventional techniques
using anatomic landmarks, however, problems can arise
with field distortion when the transmitter is moved or when
ferromagnetic substances approach the electromagnetic
field (23). Under novel EMN guidance systems, surgeons
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Table 1 Demographic characteristic of the enrolled patients
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Table 2 Perioperative data of all patients

Characteristic Group A Group B P value Variables GroupA  Group B P value
Cases 41 44 Duration of surgery (min) 74.5+20.5 90.4+25.9 0.03*
Sex 0.831 Cannula placement time (min)  18.6+8.3 35.3x15.1 <0.001*
Male 27 28 Radiation dose (mGy) 3.4+1.0 8.5+2.0 <0.001*
Female 14 16 Blood loss (mL) 13.4+11.3 13.6+10.3 0.925
Age (year) 0.993 Intraoperative pain 0.038*
Range 19-73 23-67 Mild 25 15
Mean =+ stand. Dev. 47.39+14.76 47.36+11.72 Moderate 13 21
Levels involved 0.627 Severe 3 8
L3-L4 3 4 Intolerable 0 0
L4-L5 16 21 Postoperative hospitalization 2.3+0.8 2.6+0.9 0.190
L5-S1 22 19 stay (days)
) *, P values (two sides) below 0.05 were statistically significant
Type of stenosis 0.387 between two groups. Group A, navigation group; Group B,
Central stenosis 11 8 fluoroscopy group.
Lateral recess stenosis 21 29
Both 9 7 degeneration, including osteophyte formation, degeneration
Severity of stenosis 0.168 of the ligamentum flavum, disc herniation, and facet
Schizas grade C 24 32 hypertrophy (1-4). As a result of the pathogenesis of LSS,
_ both ventral decompression for disk herniation and dorsal
Schizas grade D 17 12 . .
nerve decompression for ligamentum flavum and facet
Body mass index 0.751 hypertrophy should be performed (25,26). Nevertheless,
<18.5 2 4 the degree of spinal instability is dependent on the extent of
18.5-23.9 18 19 resection of the articular joints and ligamentous tissues. Two
04279 18 16 hlgh—l.evel randomized controlled trials .revealeffl no clinical
benefit 2 years after surgery by adding fusion surgery
=28 8 5 to decompression surgery (5,6). Microscopic unilateral
Follow-up 0.324 laminotomy with bilateral decompression via a unilateral

Mean + stand. Dev. 14.3+2.2 14.8+2.2

Group A, navigation group; Group B, fluoroscopy group.

can obtain a 3D anatomical structure of the spine
or multiplanar imaging reconstruction, and surgical
instruments can be tracked in real time for 3D space. The
surgeon can synchronously obtain the local magnification
operative view and the whole decompression site to confirm
adequate decompression with high efficiency and low levels
of radiation exposure.

LSS is the most common lumbar degenerative disease
in elderly patients (24). LSS is characterized by narrowing

of the spinal canal as a consequence of bone and soft tissue

© Annals of Translational Medicine. All rights reserved.

approach has been used in generative lumbar stenosis with
good postoperative outcomes reported (27). During the
PTELD technique, dorsal decompression was achieved
by partial resection of the ventral SAP and ligamentum
flavum, but the structure of the facet joint capsule was still
intact (10). The procedure can be performed with local
anesthesia, especially in older patients who cannot tolerate
conventional surgery under general anesthesia.

In our study, functional improvements were consistent
with the previous literature (8). The excellent and good
improvement rate in all patients was 90.6%, and the VAS
(P<0.001) and ODI (P<0.001) scores improved significantly
in both groups after surgery. We did not observe significant
differences between the groups with respect to reductions in
the VAS (Back, P=0.980; Leg, P=0.724) and ODI (P=0.243)

Ann Transl Med 2020;8(19):1215 | http://dx.doi.org/10.21037/atm-20-1877
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Table 3 Preoperative, follow-up VAS, ODI, scores and 6-minute walk assessment

Within-subjects (P value)

Variables Group A Group B Between-subjects, group (P value)
Time Time* group
VAS of Back, mean = SD <0.001 0.109 0.98
Baseline 7.17+0.58 6.75+0.57
1 month 2.05+1.30* 1.98+1.27*
3 months 1.54+0.87* 1.52+0.85*
6 months 1.68+1.04* 1.84+1.01*
12 months 1.51£1.19* 1.84+1.20*
VAS of leg, mean + SD <0.001 0.33 0.724
Baseline 5.88+0.84 5.90+0.86
1 month 2.54+1.40* 2.32+1.49*
3 months 2.10+1.62* 1.70+1.56"
6 months 2.02+1.88* 1.95+1.85*
12 months 1.34+1.30" 1.59+1.44*
ODI score, mean = SD <0.001 0.315 0.243
Baseline 53.73+3.63 53.75+3.55
1 month 12.93+8.24* 16.73+11.00*
3 months 11.78+8.01* 13.39+8.52*
6 months 11.73+10.15* 13.07+9.88*
12 months 11.17+9.96" 12.95+10.06*
6-minute walk test, months <0.001 0.876 0.354
Baseline 227+71 220+63
12 months 415+48* 405+53*

*, P<0.05 for significant improvement compared with baseline assessment. VAS, visual analog scale; ODI, Oswestry Disability Index;

Group A, navigation group; Group B, fluoroscopy group.

Table 4 Modified Macnab criteria

Outcome  Description Group A Group B P value
Excellent  Complete relief of symptoms 26 29 0.929
Good Marked improvement but occasional pain 12 10

Fair Improved functional capacity and the need for pain medications 2 4

Poor Unimproved symptoms or worsening 1 1

Group A, navigation group; Group B, fluoroscopy group.

scores. Improvements in walking ability (P=0.354) and
Macnab criteria assessments (P=0.929) at the 12-month
follow-up with the use of subjective patient assessments did
not differ between the treatment groups. The assessment

© Annals of Translational Medicine. All rights reserved.

of long-term clinical outcomes and randomized controlled
trials should be considered to provide more evidence-based
conclusions in the future.

During surgery, with the aid of real-time 3D navigation
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views, the entire puncture trajectory targeted at the tip of
the SAP could be designed accurately, and the proper skin
entry point was easily selected. Possible bony obstructions,
including a high iliac crest and hypertrophic transverse
processes, can be easily avoided with navigation views. In
our study, the duration of surgery and cannula placement
time were shorter, the radiation dose was lower, and there
was less pain in the navigation group. Most of the severe
pain during foraminoplasty was assumed to originate from
exiting nerves and the posterior longitudinal ligament
instead of the SAP. Under EMN guidance systems,
surgeons can obtain a total 3D anatomical structure of the
spine and can synchronously obtain a local magnification
operative view. Surgical instruments can be tracked
in real time for precise targeting of the puncture and
foraminoplasty. Nevertheless, imaging-guided surgery is
an adjunct technology to fluoroscopic imaging and is not
intended to replace it. In contrast, the frequency of imaging
will decrease and be limited to pivotal procedural checks for
positioning, thus decreasing overall radiation exposure and
enhancing safety and efficiency in foraminoplasty.

In terms of the current technical status, surgical
indications for percutaneous transforaminal endoscopy
are expanded from soft tissue pathologies to LSS.
However, the learning curve remains flat, and most spinal
surgeons remain unfamiliar with the technique. Surgical
decompression of the dural sac or nerve roots starts from
the dorsal bony-plasty to ventral decompression. Navigable
endoscopic punches and curettes can help remove thickened
ligaments and osteophytes delicately and efficiently,
as demonstrated by our results. Patients with LSS
combined with DH who complain of unilateral lower limb
radiculopathy are considered appropriate for PTELD (11).
To comply with the indication to obtain optimized
clinical results, only patients with unilateral neurological
intermittent claudication or radicular leg pain were included
in our study, and some symptomatic elderly patients without
herniation or sciatica symptoms were excluded. Moreover,
there are some features of intraoperative fluoroscopy,
such as magnification, distortion, and parallax. Therefore,
the intraoperative C/G-Arm should be compatible with
electromagnetic navigation and calibrated yearly.

The novel electromagnetic tracking surgical navigation
system used in this investigation integrates intraoperative
fluoroscopy with preoperative CT-based data to achieve
intraoperative virtual 3D visualization in real time.
Traditional optical navigation systems, which are mostly
based on intraoperative cone-bone CT scans to obtain
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anatomical data, have been reported to increase radiation
in scoliosis surgery (28). Unlike optical navigation systems,
the EMN technique does not require an optical reference
frame outside the site or on the instruments that can
interfere with the normal workflow and eliminate line-of-
sight restrictions. The primary limitation of the technology
is the potential distortion of the electromagnetic field, so
nonferromagnetic instruments and carbon fiber operating
room tables should be prepared. Stainless steel objects
should be kept more than 10 cm from electromagnetic
computer surgery instruments to minimize electromagnetic
interference (29).

Conclusions

In conclusion, compared to fluoroscopy, the novel EMN
technique for PTELD in LSS patients can achieve similar
clinical symptom improvement results. Furthermore, higher
efficiency in foraminoplasty and lower radiation exposure
levels were demonstrated. This system is easy to handle and
does not limit the workflow. The electromagnetic tracking
surgical navigation system can integrate intraoperative
fluoroscopy with preoperative CT-based data to achieve
intraoperative virtual 3D visualization in real time, which
is a breakthrough in progress and will further enhance
navigation ability and clinical application in more hospitals.
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