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Abstract

BACKGROUND
This study aimed to investigate and compare the clinical e�cacy of an innovative endoscopic
posterior/transforaminal lumbar interbody fusion (Endo-P/TLIF) technique and a minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF) technique in the treatment of lumbar spinal stenosis
(LSS).

METHODS
A retrospective analysis was conducted on 45 patients who underwent Endo-P/TLIF (n = 22)(Group A)
and MIS-TLIF (n = 23) Group B for single-segment LSS between October 2018 and July 2020. The age,
sex, and surgical levels between both groups were comparative. Operation time, intraoperative blood loss,
wound length, postoperative wound drainage �ow, and postoperative time spent bedbound were
recorded. Magnetic resonance imaging (MRI) was evaluated preoperatively and 1 year postoperatively to
assess the injury of the paravertebral muscles. Visual analog scale (VAS) and Oswestry Disability Index
(ODI) scores were evaluated 1 day preoperatively, and at 7 days, 3 months, 6 months, and 1 year
postoperatively to compare the clinical e�cacy of the two groups. Computed tomography (CT) scans
were performed at 6 months postoperatively, and interbody fusion was evaluated using the Bridwell
criterion.

RESULTS
The operation time for group A (158.3 ± 32.5) was longer than that for group B (121.3 ± 27.6, P < 0.05).
Intraoperative blood loss, surgical incision length, postoperative drainage volume, and postoperative time
spent bedbound for group A were signi�cantly lower than those for group B (P < 0.05). The transversal
areas of the paravertebral muscles for group A were signi�cantly larger than those for group B (P < 0.05).
VAS and ODI scores for lumbar and leg pain in both groups were signi�cantly decreased after surgery.
However, scores in group A were signi�cantly lower than in group B at 1 week and 3 months after surgery
(P < 0.05); however, no signi�cant difference was noted in scores at 6 months and 1 year postoperatively.

CONCLUSIONS
Both techniques have similar e�cacy in the treatment of single-segment LSS; however, patients who
received Endo-P/TLIF had less postoperative paravertebral muscle injury, reduced low back pain, and a
quicker recovery.

Background
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With the increasing aging society, the economic burden of degenerative lumbar diseases is going to
increase [1]. LSS is a common degenerative lumbar disease in people with low back pain [2]. Although
most patients with LSS can be treated conservatively, some require surgery due to persistent severe pain
[3]. Since it was �rst reported, posterior lumbar interbody fusion (PLIF) has been widely used as the
standard operation for patients with LSS. Nevertheless, extensive striping of muscle within the surgery
usually causes complications, particularly postoperative low back pain. Speci�cally, multi�dus muscle
atrophy is associated with postoperative low back pain [4]. Therefore, surgeons state that decreasing
multi�dus muscle injury is critical for the improvement of postoperative clinical results. The application
of MIS-TLIF in the clinic increased with the development of minimally invasive spinal instruments. These
have enabled the expansion of channels, decompression, and fusion and �xation of the responsible
segments to be done through the intervertebral foramen from the muscle space, which causes less tissue
injury and blood loss [5]. It has received several favorable reports in the treatment of degenerative
diseases of the lumbar spine [6, 7]. Nevertheless, MIS-TLIF is limited by a narrow operating space, making
it di�cult to view deeper into the surgical opening when using tubular retractors [8]. Percutaneous
endoscopic transforaminal lumbar interbody fusion (PE-TLIF) is another technique that has been
increasingly used to treat lumbar degenerative diseases in recent years [8–10]. However, this technique is
associated with various problems regarding reducing injury caused by the surgical approach, providing a
clear surgical �eld of vision, and improving the fusion rate. To potentially address these limitations, we
investigated an innovative interbody fusion technique called endoscopic posterior/transforaminal lumbar
interbody fusion (Endo-P/TLIF). We describe our experience using this technique and its clinical
outcomes.

Methods

Clinical data
This study retrospectively reviewed 45 patients who underwent Endo-P/TLIF (n = 22) and MIS-TLIF (n = 
23) for single-segment LSS between October 2018 and July 2020. No signi�cant differences were found
in sex, age, and surgical level between the two groups (P > 0.05) (Table 1).

Inclusion and Exclusion Criteria
The inclusion criteria were patients diagnosed with single-segment LSS through imaging examination
whose condition had not improved after 3 ~ 6 months of strict conservative treatment. The exclusion
criteria were as follows: (1) multilevel LSS, grade ≥ II lumbar spondylolisthesis based on the Meyerding
scale, or spondylolysis; (2) lumbar tuberculosis or past lumbar surgery; (3) signi�cant paravertebral
muscle injury or atrophy; and (4) patients with other serious systemic diseases. All patients provided
informed consent for the surgery.
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Table 1
Basic patient data for both groups

  Endo-P/TLIF

Group

Mis-TLIF

Group

P value

Number of patients

Age(year, mean ( )

22

70.36 ± 4.23

23

71.97 ± 3.86

0.456

Gender Male/Female 9/13 11/12 > 0.999

Operative level     0.434

L4/5 22 22  

L5/S1 0 1  

Surgical Techniques
X-ray and neurophysiological monitoring were used during all surgeries.

Endo-P/TLIF Surgery (L4/5 as an example).

Patients were placed in the prone position under general anesthesia. X-ray �uoroscopy was used to view
the intervertebral space, and the pedicle positions of the lumbar bridges L5 and L4 were adjusted. The
midline and bilateral spinous processes were marked. Under the guidance of electromagnetic navigation,
percutaneous punctures for bilateral pedicle screw channels were performed, and four guidewires were
installed. A right guidewire incision at L5 was used to make a 1.5-cm oblique incision “from the outside
down to the inside up,” approximately 2 cm from the midline of the spinous process. The �rst guidewire
was inserted into the oblique incision, extending to the articular surface. After a satisfactory position was
con�rmed by �uoroscopy, expansion casing was inserted step by step, the working channel was inserted,
and an outer ring saw was �xed onto the bone surface. The position was determined again by
�uoroscopy, and then a Delta endoscope system was connected (Joimax, Germany) (Fig. 1A, B).

Using a microscope, a trephine was used to block surrounding soft tissues, and radiofrequency
electrocoagulation was used to stop bleeding. Soft surface tissues were cleaned using an endoscopic
grasp, and the articular process and lamina were gradually exposed (Fig. 2A). The L4 inferior articular
process and part of the lamina were removed using a trephine and an endoscopic grinding drill (Fig. 2B).
The ligamentum �avum was progressively exposed in the proximal-lateral-distal direction (Fig. 2C, D, E)
and was resected off (Fig. 2F), and the thecal sac and nerve root were exposed (Fig. 2G). A medial margin
of the L5 superior articular process was resected, and a spinal canal and nerve root canal were
performed. The bone resection was restored with an intervertebral space bone graft. The roots of nerves
involved in walking were probed and decompressed (Fig. 2H).
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Then, the working channel was rotated to block the nerve root and thecal sac out of the channel (Fig. 3A).
The annulus �brosus was cut using an endoscopic bone chisel (Fig. 3B), and a discectomy was
performed using a detachable endoscopic square reamer and nucleus pulposus forceps (Fig. 3C, D, E).
Endplate cartilage was removed with a special endoscopic endplate scraper from the upper and lower
surface of the lamina, causing slight bleeding. The anterior longitudinal ligament was assessed (Fig. 3F).
After microscopically con�rming the completion of the intervertebral space treatment, autologous bone
and bone repair materials were mixed and implanted into the intervertebral space. Then, a metal
expandable intervertebral fusion device was implanted (Fig. 3G).

The position of the cage wires was rechecked, and the nerve root and thecal sac were detected using a
microscope (Fig. 3H). The endoscope and working channel were then removed. A bilateral hollow pedicle
screw and longitudinal connecting rod were percutaneously inserted along the reserved guidewire and
tightened to restore the normal angle of the lumbar bridge. After the positions of the fusion cage and
pedicle screw were satisfactory, a drainage tube was installed and the incision was sutured.

MIS-TLIF Surgery
MIS-TLIF surgery was carried out in accordance to those reported in literature.

Postoperative Management
Infection prevention was implemented postoperatively. Drainage tubes were postoperatively removed at
the appropriate time according to drainage �ow. After drainage tube removal, patients were equipped with
a support to move out of bed. X-ray and CT scans were repeated, and the lumbar and back muscles were
trained 2 weeks after the operation.

Clinical Outcome Measurements
The operation time, intraoperative blood loss, wound length, postoperative wound drainage �ow, and
postoperative time spent bedbound of the patients in both groups were recorded. Lumbar MRI scans were
performed preoperatively and 1 year postoperatively to delineate the bilateral multi�dus and erector
muscles and measure the cross-sectional area of adjacent segment muscles to assess any injury to the
paravertebral muscles. Visual analog scale (VAS) and Oswestry disability index (ODI) scores were
evaluated 1 day preoperatively and at 7 days, 3 months, 6 months, and 1 year postoperatively to compare
the clinical e�cacy of the two groups. Six months after surgery, CT scans were performed to evaluate
interbody fusion according to the Bridwell interbody fusion grading system [11].

Statistics Analysis
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS), version
21.0, software. Values are presented as means ± standard deviations. Independent t tests were used for
the comparison between the groups. We used the χ2 test or Fisher’s exact probability method for the
comparison of numerical data. A two-tail rank sum test was used for the comparison of grade data (α = 
0.05).
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Results
The operation times in the Endo-P/TLIF group were signi�cantly longer than those in the MIS-TLIF group
(P < 0.05). Intraoperative blood loss, surgical incision length, postoperative drainage volume, and
postoperative time spent bedbound in the Endo-P/TLIF group were signi�cantly less than those in the
MIS-TLIF group (P < 0.05, Table 2).  

Table 2

Comparison of perioperative related indicators of both groups ( )

  Endo-P/TLIF

Group

Mis-TLIF

Group

P Value

Operation time (min) 158.3 ± 32.5 121.3 ± 27.6 <0.001

Intraoperative hemorrhage (ml) 120.6 ± 79.3 241.5 ± 123.6 <0.001

Incision length (cm) 4.6 ± 1.3 7.8 ± 1.5 <0.001

Postoperative drainage volume (ml) 35.6 ± 15.32 115.8 ± 81.6 <0.001

Postoperative bedridden time (h) 23.4 ± 4.9 48.3 ± 3.6 <0.001

The average follow-up time was 13.9 ± 2.7 months for the Endo-P/TLIF group and 12.6 ± 2.4 months for
the MIS-TLIF group. Six months postoperatively, there were 10 cases of grade  fusion and 12 cases of
grade  fusion in the Endo-P/TLIF group. There were 11 cases of grade  fusion and 12 cases of grade 
fusion in the MIS-TLIF group. No signi�cant difference was found in the rate of interbody fusion between
the two groups (P > 0.05). Postoperatively, VAS scores for lumbar and leg pain in both groups were
signi�cantly lower at 7 days, 3 months, 6 months, and 1 year than those preoperatively (P < 0.05).
However, VAS scores for low back pain in the Endo-P/TLIF group were signi�cantly lower than those in
the MIS-TLIF group at 7 days and 3 months after surgery (P < 0.05), but not at 6 months and 1 year. The
postoperative ODI scores showed signi�cant differences at 3 months and 6 months and at �nal follow-up
between the groups (P < 0.05)(Table 3). The transversal areas of multi�dus and erector revealed no
statistical differences between the two groups (P > 0.05). The transversal area of the paravertebral
muscles in the Endo-P/TLIF group 1 year after surgery was signi�cantly greater than that in the MIS-TLIF
group (P < 0.05). Six months postoperatively, there were no signi�cant differences in fusion rates of
de�nite grades between both groups (P > 0.05).
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Table 3

Comparison of clinical e�cacy between the two groups before and after surgery ( )

  Endo-P/TLIF Group Mis-TLIF

Group

P

VAS-LBP      

Pre-operation 7.06 ± 1.33 7.15 ± 0.71 0.78

Post-7d 3.60 ± 1.24 4.95 ± 1.20 0.0006

Post-3m 1.96 ± 0.63 3.33 ± 0.65 P < 0.05

Post-6m 1.36 ± 0.78 1.56 ± 0.53 0.32

Final follow-up 1.05 ± 0.27 1.21 ± 0.51 0.20

VAS-LP      

Pre-operation 6.33 ± 1.49 6.36 ± 0.82 0.93

Post-7d 2.20 ± 1.35 3.50 ± 1.04 0.0007

Post-3m 1.20 ± 0.86 2.64 ± 0.60 P < 0.05

Post-6m 1.06 ± 0.32 1.26 ± 0.43 0.08

Final follow-up 1.03 ± 0.29 1.11 ± 0.48 0.50

ODI      

Pre-operation 52.12 ± 8.78 51.79 ± 9.38 0.90

Post-3m 22.50 ± 4.81 26.70 ± 5.20 0.007

Post-6m 12.31 ± 6.18 12.97 ± 5.13 0.70

Final follow-up 8.93 ± 3.45 9.33 ± 4.14 0.73

Transversal area of

multi�dus(cm2)

     

Pre-operation 7.81 ± 1.72 8.12 ± 1.82 0.56

Post-1y 7.65 ± 1.52 6.78 ± 1.36 0.04

Transversal area of erector spinae(cm2)      

Pre-operation 13.52 ± 3.16 12.98 ± 2.96 0.55

Post-1y 13.32 ± 2.32 11.67 ± 2.53 0.02

Discussion
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In this study, Endo-P/TLIF achieved satisfactory clinical results in patients with single-segment LSS. In a
speci�c subset of patients, spinal fusion showed good clinical results as a management method in the
treatment of degenerative spinal conditions [12]. Although traditional PLIF techniques have been widely
used, they are associated with paraspinal muscle atrophy and long-term low back pain. It was found that
multi�dus muscle atrophy is commonly associated with postoperative low back pain [4]. Therefore,
several scholars sought for an alternative minimally invasive surgery. Foley et al. [13] �rst introduced MIS-
TLIF technology and used the natural muscle space in the spine to insert channels for surgery. This
technique has a similar e�cacy as traditional open surgery, but avoids the destruction of complex
posterior muscle-ligament structures, causing less tissue damage and less intraoperative bleeding [5].

Nevertheless, MIS-TLIF is limited by a narrow operating space and poor �eld visibility. This can cause
nerve root injury, which is a serious complication of endoscopic surgery, especially injury to the exiting
nerve roots [14]. Moreover, MIS-TLIF exposes patients and surgeons to radiation. Therefore, an alternative
minimally invasive technique was required to overcome these limitations of lumbar fusion surgery.

This study demonstrates that Endo-P/TLIF technology achieved clinical e�cacy similar to MIS-TLIF,
when treating patients with single-segment LSS. Furthermore, Endo-P/TLIF-treated patients had earlier
improvements in low back pain and could generally get out of bed 1–2 days postoperatively. This
indicates that Endo-P/TLIF technology causes less tissue injury than MIS-TLIF technology, consequently
allowing patients an earlier return to normal life.

The fusion rate of lumbar spine surgery is impacted by various factors, including endplate preparation,
bone graft area, bone graft type, contact with endplate surface, and personal constitution. The surgical
area was expanded by adjusting the lumbar bridge before surgery to increase the lamina space and by
removing part of the facet joint. Nerve roots and the thecal sac were protected from using an endoscopic
cannula, which also improved the safety of fusion device implantation. The use of an expandable cage
provided adequate intervertebral support and indirect decompression of the spinal canal, with smaller
resection pathways for bony structures. Furthermore, Zhang et al. [15] have con�rmed that the surface of
an expandable cage apparatus provides stable and good osseous bonding in endoscopic surgery.
Nevertheless, MIS-TLIF is limited by a poor �eld visibility and it may be di�cult to view the deeper
surgical �eld [8]. An endoscopic reamer and curette were used to treat cartilaginous endplates under
direct vision, which was better than MIS-TLIF. Additionally, bone autografting and adequate bone graft
sizing were used to increase the fusion rate. Zhao et al. [16] have suggested that pedicle screw �xation
and installation and retention of a posterior spinal tension band can reduce complications, increase the
rate and stability of intervertebral fusion, and reduce the occurrence of intervertebral fusion displacement.
This is consistent with the results of our present study.

Recently, it has been reported that the volume of the multi�dus dramatically decreases after open
posterior lumbar fusion [4]. Kawaguchi et al. have measured paravertebral tissue images of patients
receiving posterior lumbar surgery and found that the degree of muscle damage in patients receiving MIS-
TLIF signi�cantly declined when compared to that in patients who underwent open surgery [17]. It has
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Conclusion
In conclusion, Endo-P/TLIF has shown a huge advantage in the early outcome of patients with single-
segment LSS due to less paravertebral muscle injury and less early postoperative lumbar pain.

been reported that the paraspinal muscles are the key to support the extension of the spine, maintain
lumbar lordosis, and achieve dynamic spinal stability [18]. Our study found that the early curative effect
of single-segment LSS with Endo-P/TLIF is satisfactory. In this study, the single-segment Endo-P/TLIF
surgical incisions included four incisions of approximately 1 cm. Decompression and percutaneous
pedicle screw placement were achieved through progressive expansion of soft tissue to establish the
working channel, without extensive injury to the muscle. At 1-year follow-up, the cross-sectional area of
the postoperative paravertebral muscles in the Endo-P/TLIF group was larger than that in the MIS-TLIF
group, con�rming that Endo-P/TLIF can effectively avoid postoperative paravertebral muscle atrophy
caused by intraoperative dissection.

At present, a major di�culty with Endo-P/TLIF technology is that it is highly technical. It requires a
surgeon to have extensive experience in endoscopic spinal surgery and conventional open surgery.
Additionally, Endo-P/TLIF surgery requires more time to complete for doctors who are applying the
technique for the �rst time. Our experience with Endo-P/TLIF technology is summarized as follows. First,
subperiosteal dissection helps to reduce intraoperative bleeding. Second, blurred �eld vision caused by
intraoperative bleeding is a major concern in endoscopic lumbar fusion surgery. The concept of “pre-
hemostasis” should be emphasized to reduce surgical bleeding. For peripheral soft tissue bleeding, it is
recommended to use an external endoscopic ring saw to block bleeding. Radiofrequency can be used to
gradually clean the surrounding soft tissue and expose the bone surface, with the tip of the articular
process as the center. Additionally, bleeding occurs on the surface of the bone after the articular process
and lamina were resected, especially in patients with osteoporosis in which bleeding is more severe. The
use of radiofrequency cauterization is recommended to reduce this bleeding. Moreover, bleeding can
occur in small venous plexuses from the nerve roots and intervertebral disc surfaces. Radiofrequency
cauterization should be used for pre-hemostasis to reduce bleeding of this kind. Third, it is recommended
to gradually expose the insertion of the ligamentum �avum in the proximal-lateral-distal direction. The
ligamentum �avum should be removed after the insertion is fully exposed because it is easy to separate
the ligamentum �avum from the thecal sac using water pressure. Fourth, the recommended endoscopic
procedures are excision of the inferior articular process and part of the superior articular process,
exposure of the upper and lower lamina, excision of the ligamentum �avum, and decompression of the
lateral recess and nerve root, followed by intervertebral space-bone grafting and the implantation of a
metal expandable interbody fusion device.

Limitations
The limitation of this study should be addressed. Firstly, the sample size of our study was relatively small
and the follow-up time was only 1 year. Secondly, our study lacked large-sample multicenter randomized
controlled studies.
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Nevertheless, we need to conduct long-term follow-up and multicenter, randomized controlled clinical
trials for further research.

Abbreviations
Endo-P/TLIF endoscopic posterior/transforaminal lumbar interbody fusion

LSS          lumbar spinal stenosis 

MIS-TLIF         minimally invasive transforaminal lumbar interbody fusion

MRI        magnetic resonance imaging

ODI          Oswestry disability index

PLIF         posterior lumbar interbody fusion

VAS         visual analog scale

CT          computed tomography 
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Figure 1

A. An intraoperative anteroposterior picture of the working cannula under �uoroscopic guidance. B. An
intraoperative lateral picture of the working cannula under �uoroscopic guidance. 

Figure 2

The initial stages of Endo-P/TLIF surgery. A. The articular process and lamina were gradually exposed. B.
The inferior articular process and part of the lamina were removed using a trephine and endoscopic
grinding drill. C-E. The insertion of the ligamentum �avum is progressively exposed in the proximal-
lateral-distal direction. F. The ligamentum �avum was resected. G. The thecal sac and nerve root were
exposed. H. The walking nerve roots were decompressed.
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Figure 3

Advanced stages of Endo-P/TLIF surgery. A. the working channel was rotated to block the nerve root and
the thecal sac out of the channel. B. The annulus �brosus was cut. C-E. The discectomy was performed
alternately with a detachable endoscopic square reamer. F. The anterior longitudinal ligament was
explored. G. A metal expandable intervertebral fusion device was implanted. H. The nerve root and thecal
sac were detected.

Figure 4
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Typical case from group A. X-ray images of a 71-year-old woman with degenerative spondylolisthesis
who underwent Endo-P/TLIF. A-B. Preoperative lateral radiograph showed degenerative spondylolisthesis.
C-F. Preoperative MRI showed spondylolisthesis and resultant stenosis (L4/5). G-H. A postoperative X-ray
showing a good clinical outcome at 3 months. I-J. CT scan image showing satisfactory interbody fusion
at 6 months after surgery.


