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Abstract
Study Design:

Retrospective study.

Objective

To evaluate outcomes and safety of endoscopic transforaminal lumbar interbody fusion (Endo-TLIF) for
degenerative lumbar diseases.

Summary of Background Data

There is no report about Endo-TLIF using unilateral pedicle screws and contralateral translaminar facet
joint screw (UPS and TFS) �xation.

Purpose:

This paper evaluated the e�cacy and safety of Endo-TLIF using UPS and TFS �xation in degenerative
lumbar diseases.

Methods:

From August, 2018 to December, 2019, 21 patients with degenerative lumbar diseases were treated with
Endo-TLIF. Clinical symptoms were evaluated at 1 month, 3 months, and the last follow-up after surgery.
Outcomes were assessed by using the VAS back pain VAS leg pain, Oswestry disability index (ODI). Dural
Sac Cross-sectional Area (DSCA), Foraminal Height (FH), Anterior Disc Height (ADH), Posterior Disc
Height (PDH) and Lumbar Lordosis (LL).

Results:

The mean age of the cases was 62.9 years. The mean operation time was 198.7 min, the blood loss was
86.7 mL, and the length of incision was 5.7 cm. The mean time in bed was 34.3 hours, and the mean
length of hospital stay was 15.1 days. The ODI scores improved from 64.1 to 13.3 (P < 0.05), the VAS
score of back pain improved from 5.8 to 1.7 (P < 0.05), and the VAS score of leg pain improved from 6.2
to 1.6 (P < 0.05). ADH increased from 1.3 cm to 1.6 cm (P < 0.05), PDH increased from 0.7 cm to 1.0 cm
(P < 0.05), FH increased from 1.7 cm to 2.0 cm (P < 0.05), and DSCA increased from 147 mm2 to 40 mm2
(P < 0.05). No serious complications occurred during the follow-up period.

Conclusions:

Endo-TLIF with UPS and TFS can improve the clinical symptoms of patients with degenerative lumbar
diseases. The early curative effect was satisfactory.

about:blank
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Introduction
With the development of technology, transforaminal lumbar interbody fusion (TLIF) is considered a
standard lumbar interbody fusion that can effectively decompress nerve tissue and avoid nerve injury [1-
3]. In 1982, Harms and Rolinger [4] �rst reported transforaminal lumbar interbody fusion (TLIF) with
bilateral pedicle screws to treat lumbar degenerative disease. This has gradually become a classic
surgical method for the treatment of lumbar degenerative diseases. In 1984, Magerl [5] introduced the
technique of translaminar facet screws (TFSs), which pass through the lamina and facet joints.
Therefore, in transforaminal lumbar interbody fusion (TLIF), a single translaminar facet screw can be
used to �x the spinal segment.

Endoscopic spine surgery was initially used to treat low back pain and radiculopathy caused by lumbar
disc herniation [6,7]. Through decades of development, spinal endoscopy has become an effective
strategy for the treatment of various degenerative disc diseases [8-10]. At present, few studies have been
published on the subject of endoscopic TLIF (Endo-TLIF), especially for unilateral pedicle screws (UPSs)
and contralateral translaminar facet joint screws (TFSs).

Materials And Methods

Participants
From August, 2018 to December, 2019, 21 patients were treated with endoscopic transforaminal lumbar
interbody fusion (Endo-TLIF). All procedures were approved by the Hospital Ethics Committee.

Inclusion criteria: (1) single-level segmental instability; (2) segmental instability is associated with lumbar
disc herniation, lumbar spinal stenosis, lateral recess stenosis or grade 1 lumbar spondylolisthesis; (3)
obvious symptoms of limp, lower back pain or leg pain, which was nonsurgically treated for more than 6
months; (4) patients who knew the plan and details of the treatment, including the mechanism of surgery,
predictive outcomes, potential risks, and side effects; (5) patients who signed informed consent and were
willing to return for follow-up; and (6) patients who were assessed with functional assessment, X-ray, CT
and MRI during the follow-up.

The exclusion criteria were as follows: (1) patients with severe central stenosis, cauda equina syndrome
and high-grade spondylolisthesis (grade >2); (2) patients who had a history of lumbar surgery or medical
diseases unsuitable for surgery; and (3) patients with incomplete information or uncooperative patients.

Surgical simulations
The schematic diagram of surgical simulation is shown in Figure 1

Surgical Procedures
All patients were placed in the prone position, and the pedicle, intervertebral space and spinous process
were marked under C-arm �uoroscopy. (The procedure was performed on the right side at the L4-5 level)
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(Fig. 2A). The incision was usually 4~5 cm lateral from the midline and approximately 2 cm long (Fig.
2B). An endoscope was inserted into the superior articular process. Laminectomy was performed with
trephine under an endoscope. The disc and endplate were destroyed by reamer and curette and removed
with forceps under a microscope (Fig. 3A). The autogenous bone particles were placed and tamped in the
intervertebral space, and the allogeneic lumbar fusion cage was placed at an angle of approximately 30
degrees (Fig. 3B). Endoscopic examination showed that the position of the cage was ideal, and the nerve
root and dura were intact without bleeding. Approximately 1 cm above the incision, a new incision of 0.4
cm was made (Fig. 2B). Under the guidance of the C-arm, a guide needle was inserted at the junction of
the L4 spinous process and lamina, passed through the L4 lamina and contralateral L4/5 facet joint, and
then reached the junction of the L5 left transverse process and pedicle. A pressure screw was screwed
through the guide wire (Fig. 3C). Two screws and one rod were implanted on the ipsilateral side of the L4
and L5 pedicles through endoscopic incision (Fig. 2C, 3D). The incision at the puncture site was sutured
(Fig. 2D).

Outcome Assessment
The patients were evaluated at 1 month, 3 months, and the last follow-up after surgery. Functional
outcomes were obtained in the form of VAS back pain, VAS leg pain, and the Oswestry disability index
(ODI)[11]. Decompression effects were assessed by using Dural Sac Cross-sectional Area (DSCA) (mm2)
and Foraminal Height (FH) (cm). DSCA was used to measure the most narrow area of the dural sac cross
section in the lumbar spine MRI [12]. Lumbar stability was evaluated by anterior disc height (ADH) (cm),
posterior disc height (PDH) (cm) and lumbar lordosis (LL) (°). ADH, PDH, FH and LL were measured on
normal lateral X-rays of the lumbar spine.

Statistical analysis
All statistical analyses were performed using the SPSS 17.0 (SPSS Inc., Chicago, USA). The data were
presented as means ± standard deviation, and analyzed using the paired t-test. P < 0.05 was considered
signi�cant.

Results

Demographic Characteristics and outcomes of the patients
According to the inclusion and exclusion criteria, 21 patients were enrolled in this study. There were 6
males and 15 females, and the mean age was 62.9 years old (42~78 years), with a body mass index
(BMI) of 25.2 (17.9~33.5). The position of laminectomy was on the left side in 13 cases and on the right
side in 8 cases. There were 14 cases at L4/5 and 7 at L5/S1. The mean operation time was 198.7 min
(120~385 min), the mean blood loss was 86.7 mL (20~240 mL), and the mean length of incision was 5.7
cm (4.5~7.5 cm). The mean time in bed was 34.3 hours (18~65 hours), and the mean hospital stay was
15.1 days (4~37 days). The average follow-up was 10.0 months (6~18 months).

Clinical results
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ODI scores were improved signi�cantly. There was a signi�cant difference between the preoperative and
postoperative ODI scores at different time points (1 month, 3 months, and the last follow-up) (P < 0.05).
The ODI also improved signi�cantly, and there was a signi�cant difference between the preoperative and
postoperative ODI scores at different time points. VAS (back and leg pain) scores were improved
signi�cantly. There was a signi�cant difference between preoperative VAS scores and postoperative VAS
scores (back and leg pain) at different time points (1 month, 3 months, and the last follow-up) (P < 0.05).
The details are shown in Table 2.

 
Table 1

Demographics of patients in this study

  Mean±SD (range) or n (%)

Age (years) 62.9±10.7(42 to 78)

BMI(kg/m2) 25.4±4.4(17.9 to 33.5)

Sex  

Male 6

Female 15

Position  

Left 13

Right 8

Levels involved  

L4-L5 14

L5-S1 7

Duration of surgery (min) 198.7±64.5(120 to 385)

Blood loss (mL) 86.7±55.1(20 to 240)

Length of incision(cm) 5.7±0.7(4.5 to 7.5)

Time in bed (hours) 34.3±11.9(18 to 65)

Hospital stay (days) 15.1±7.5 (4 to 37)

Follow-up (months) 10.0±3.6(6 to 18)
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Table 2
ODI and VAS improvement

Follow-up Mean±SD (range) P value

ODI (0–100)    

Pre-operation 64.1±8.3(50 to 82)  

1 month after operation 29.2±7.8(18 to 46) 0.000

3 months after operation 14.9±3.4(8 to 19.8) 0.000

The last follow-up 13.3±3.4(6 to 21.6) 0.000

VAS back pain(0-10)    

Pre-operation 5.8±1.5(3 to 8)  

1 month after operation 2.4±0.7(1 to 4) 0.000

3 months after operation 2.0±0.7(1 to 3) 0.000

The last follow-up 1.7±0.7(0 to 3) 0.000

VAS leg pain(0-10)    

Pre-operation 6.2±1.8(2 to 9)  

1 month after operation 3.2±1.2(1 to 6) 0.000

3 months after operation 2.0±1.0(0 to 4) 0.000

The last follow-up 1.6±0.9(0 to 3) 0.000

ADH, PDH, FH and DSCA were improved signi�cantly. There were also signi�cant differences between
preoperative scores and postoperative scores at different time points (P < 0.05). There was no signi�cant
difference in LL before and after the operation (P>0.05). The details are shown in Table 3.
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Table 3
ADH, PDH, FH, LL and DSCA improvement

Follow-up Mean±SD (range) P value

ADH(cm)    

Pre-operation 1.3±0.3(0.9 to 1.8)  

1 month after operation 1.7±0.2(1.3 to 2.1) 0.000

3 months after operation 1.6±0.2(1.3 to 2.1) 0.000

The last follow-up 1.6±0.2(1.2 to 2.1) 0.000

PDH(cm)    

Pre-operation 0.7±0.2(0.3 to 1.2)  

1 month after operation 1.0±0.2(0.8 to 1.3) 0.000

3 months after operation 1.0±0.2(0.8 to 1.4) 0.000

The last follow-up 1.0±0.2(0.8 to 1.4) 0.000

FH(cm)    

Pre-operation 1.7±0.3(1.1 to 2.2)  

1 month after operation 2.0±0.3(1.6 to 2.6) 0.000

3 months after operation 2.0±0.3(1.5 to 2.4) 0.000

The last follow-up 2.0±0.3(1.5 to 2.4) 0.000

LL(°,L1-S1)    

Pre-operation 143.7±6.7(132.0 to 156.4)  

1 month after operation 142.1±12.8(122.5 to 163.5) 0.495

3 months after operation 143.5±15.7(119.3 to 166.8) 0.942

The last follow-up 140.5±13.8(119.6 to 160.4) 0.289

DSCA (mm2)    

Pre-operation 93.3±41.2(22.6 to 169.6)  

1 month after operation 124.4±37.1(42.8 to 181.2) 0.000

3 months after operation 142.9±39.0(56.2 to 198.6) 0.000

The last follow-up 147.3±40.0(58.7 to 199.6) 0.000

Representative cases
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Representative cases are illustrated in Fig. 4, 5.

Discussion
Lumbar interbody fusion is a classic surgical procedure in the treatment of lumbar degenerative disease.
Traditional open surgery mainly includes posterior lumbar interbody fusion (PLIF) and transforaminal
lumbar interbody fusion (TLIF). Since Cloward �rst proposed PLIF in 1953 [13], as a classic operation, it
has a good curative effect in the treatment of lumbar degenerative diseases [14]. However, traditional
PLIF requires stripping and pulling of the paravertebral muscles, which is prone to causing postoperative
chronic low back pain [15-17]. To overcome these limitations, TLIF was developed, which retains the
intact ligament structure and thus maintains biomechanical stability [18].

Spinal endoscopic surgery has the advantages of minimal trauma, short hospitalization time and quick
postoperative recovery [19] and is even better than traditional open surgery in the treatment of lumbar
disc herniation [20,21]. However, limited discectomy under endoscopy may result in residual disc
reherniation [22]. Endo-TLIF combined with endoscopic surgery and lumbar fusion surgery, using spinal
endoscopic instruments for TLIF operation, can combine the advantages of both and achieve effective
lumbar fusion with less trauma.

Endo-TLIF transforms the traditional operation under direct vision into a magni�ed display image, which
makes the vision clearer and wider and realizes lumbar decompression and fusion assisted by
endoscopy. In this procedure, the articular process, the lower margin of the superior lamina, and the upper
margin of the inferior lamina were excised with a trephine under the protection of a percutaneous sleeve.
The bony decompression range of TLIF was replicated. Decompression can be performed according to
requirements during open surgery, and surgical procedures can simulate open surgery to achieve
endoscopic decompression and fusion.

In this study, the e�cacy of Endo-TLIF in the treatment of lumbar degenerative diseases was analyzed,
including the duration of surgery, blood loss, length of incision, time in bed and hospital stay. The clinical
indicators were excellent, with the characteristics of minimal invasiveness and quick recovery. The ODI
scores and low back pain and leg pain VAS scores of patients were signi�cantly improved compared with
those before surgery, indicating that this operation method has an obvious effect on the patients' waist
function and pain symptoms. Postoperative X-ray results showed that ADH, PDH and FH changed
signi�cantly, and the change in LL was not obvious. MRI results showed that DSCA was signi�cantly
improved compared with preoperative results. This procedure is satisfactory in restoring lumbar stability
and relieving spinal cord compression. In this study, all 21 patients were followed up for more than half a
year, their symptoms were signi�cantly improved, without any serious complications, and the early
clinical e�cacy was satisfactory.

For body surface localization, the transverse axis was marked along the target intervertebral space, the
longitudinal axis was marked along the spinous process, and the upper and lower spinous processes and
pedicles were marked simultaneously. Endo-TLIF requires smaller skin incisions and less muscle dilation.
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The dorsal facet joint on the affected side is used as the starting point of endoscopic operation, and bony
markers are relatively safer. Compared with the intractable low back pain caused by multi�dus injury in
open surgery [23], Endo-TLIF can protect the multi�dus muscle and the posterior column of the spine to
the maximum extent, maintain the stability of the spine, and reduce the incidence of low back pain. The
whole operation was performed under visualization, and the surgical �eld was magni�ed tens of times by
a high-resolution lens, which could distinguish bleeding capillaries. Moreover, the water pressure
generated by water medium can signi�cantly reduce bleeding, make the visual �eld clearer, effectively
avoid nerve damage, and achieve direct and precise decompression.

Endo-TLIF is a full-visual spinal endoscopic procedure that replicates the TLIF procedure. The range of
decompression follows the TLIF procedure, with partial excision of the facet and lamina. During trephine
decompression, part of the facet and the upper and lower lamina were removed, and the distal end could
reach the starting and ending point of the ligamentum �avum. The proliferated ligamentum �avum was
treated with forceps. Decompression range: the cephalic side can reach the lower edge of the superior
pedicle, the lateral side can reach the outer opening of the intervertebral foramen, the caudal side can
reach the upper edge of the inferior pedicle, and the contralateral side can reach the midline of the
spinous process or even beyond the spinous process.

Under endoscopy, the disc and endplate were destroyed by the reamer and curette. The anterior
longitudinal ligament can reach as far as possible and form a fan-shaped area, which is conducive to
intervertebral bone grafting and cage implantation. We treated the endplate directly under the endoscope
without destroying the endplate cortex. From a technical point of view, Endo-TLIF should be superior to
traditional TLIF in terms of endplate preparation. Traditional TLIF cannot directly look at the internal
structure during endplate preparation. Endo-TLIF has obvious advantages in both preparation quality and
scope. Subchondral bone injury or incomplete endplate preparation may lead to cage subsidence or
fusion failure after open TLIF [24,25]. Finally, endoscopic observation helps to reduce the risk of damage
to large vessels, which sometimes occurs during blind endplate preparation [26].

The fusion operation was performed in the safe passage of the Kambin triangle. The large channel of the
sleeve is placed through the Kambin triangle, and the axis of the sleeve is parallel to the intervertebral
space. In this position, the sleeve can easily pass through the Kambin triangle and be inserted into the
intervertebral space, and the cage is easier to place. During the insertion of the sleeve, attention should be
given to rotation and observation, and the dura and nerve roots should be protected by the lingual end of
the sleeve. The autogenous bone used for bone grafting was removed by trepanning, which was crushed
by bone forceps and implanted into the intervertebral space. Due to the abundant cancellous bone, the
procedure was more conducive to intervertebral fusion.

When the pedicle and translaminar facet screws were �xed, the operation could be guided by a C-arm
machine according to the marked position on the body surface. The direction of the translaminar facet
screw was "spinous process → lamina → articular process → pedicle". The screw enters through the
junction of the superior spinous process and lamina, passes through the superior lamina, passes through
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the contralateral facet joint, and reaches the junction of the transverse process and pedicle. When the
screw is inserted, it penetrates four layers of cortical bone and �xes the facet joint. Translaminar facet
screw �xation as a minimally invasive technique has been reported [27-29]. The comparison of facet
screw and pedicle screw �xation showed biomechanical equivalence [30-32]. Previous reports indicated
that transplate screw �xation is a simple, safe and satisfactory method [33,34]. When we performed
pedicle screw �xation, we used the original incision of spinal endoscopy, and the minimally invasive
operation effectively reduced trauma. Translaminar facet screws combined with pedicle screws, similar to
triangular stable structures, can achieve good fusion of anterior, middle and posterior columns so that
stability can be guaranteed.

As recent reports summarizing clinical experience, clinical case series and cohort studies have pointed
out, endoscopic surgery can achieve minimal invasion[35-38]. Endoscopic spinal surgery uses minimally
invasive muscle dissection, does not require excessive bone excision, and minimizes the damage to
surrounding tissues. Due to its minimally invasive characteristics, Endo-TLIF can reduce blood loss,
reduce the risk of deep vein thrombosis and pulmonary embolism, restore lumbar and back function in
the early stage, and reduce the risk of postoperative �brosis scar formation. Through the transforaminal
approach, the nerve root and dural sac can be found quickly, which is convenient for direct and safe
decompression around the dural sac and nerve root under endoscopy. Endo-TLIF has more �exibility in
anesthesia methods. Different from traditional TLIF, Endo-TLIF can be performed under local anesthesia.
The use of conscious sedation reduces the risks associated with general anesthesia and promotes real-
time neurofeedback from patients. Therefore, Endo-TLIF may be useful for elderly or special patients who
are at high risk for open surgery under general anesthesia.

The main purpose of operation mode selection is to improve symptoms and bene�t patients [39]. The
Endo-TLIF technique uses endoscopy as a tool to achieve the decompression and fusion effect of TLIF.
At present, the Endo-TLIF three-screw technique is mainly used in the treatment of lumbar spinal stenosis,
single segment instability, degeneration, lumbar disc herniation and grade I spondylolisthesis. For
patients with grade II or above spondylolisthesis, severe lumbar instability and severe osteoporosis, two
pairs of pedicle screws can be added. We do not have evidence or advocate the use of Endo-TLIF for the
treatment of severe scoliosis above 20 degrees.

Endo-TLIF is an emerging endoscopic technique with promising prospects in terms of minimal tissue
damage, low complication rate and cost effectiveness. However, there are few reports on endoscopic
fusion, and the level of evidence is very low. In particular, no articles on endoscopic three-screw fusion
have been reported. Therefore, well-designed randomized trials are needed to con�rm the safety, e�cacy
and clinical relevance of Endo-TLIF. In addition, another limitation of Endo-TLIF is that it needs a long
learning curve. To achieve good results with Endo-TLIF, it is necessary to be familiar with transforaminal
endoscopic decompression, open unilateral laminectomy and bilateral decompression, and interbody
fusion before attempting the procedure.

Conclusion
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In conclusion, Endo-TLIF is less invasive, effective, and safe for degenerative lumbar diseases.
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Figure 1

Plotting of the simulated endo-TLIF operation range (Simulated segment: L4-5, Right). The triangle in this
�gure is made up of an exiting root, traversing root, and superior endplate, labeled Kambin’s triangle,
which is also used as the endo-TLIF operation area (A). A pressure screw was inserted at the junction of
the L4 spinous process and lamina, passed through the L4 lamina and contralateral L4/5 facet joint, and
then reached the junction of the L5 left transverse process and pedicle. Two screws and one rod were
implanted on the ipsilateral side of the L4 and L5 pedicles (B).

Figure 2

Localization and incision in a female (Right). Skin marking was performed by C-arm �uoroscopy. We
marked the pedicle, spinous process and intervertebral space and then designed the direction of the
translaminar facet screw and surgical incision on the skin (A); translaminar facet screw �xation was
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performed (B); unilateral lumbar pedicle screw �xation was performed (C); Schematic diagram of the 
incision (D).

Figure 3

Endo-TLIF under C-arm �uoroscopy guidance in a female (right). The intervertebral space was cleared
under endoscopy (A); Cage was implanted into the intervertebral space (B); Screws were inserted from the
L4 lamina to the contralateral L4/5 facet joint (C). Two screws and one rod were implanted on the
ipsilateral side of the L4 and L5 pedicles.

Figure 4

Spinal stenosis of L4-5 in a female (right). Preoperative MRI showed severe stenosis of L4-5 (A, B).
Postoperative MRI showed a �nal construct with the cage and expanded vertebral canal volume (C, D).
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Figure 5

Postoperative follow-up imaging data (surgical segment: L4-5). Postoperative CT showed that the L4-5
vertebral canal volume was expanded (A). Postoperative CT showed the location of the cage and pedicle
screw and �xation of the facet joint with a translaminar facet screw (B). CT image reconstruction
indicated a range of decompression at the L4-5 lamina (C). CT image reconstruction showed the effect of
interbody fusion (D). CT image reconstruction showed the position of the translaminar facet screw,
pedicle screws, and cage (E, F).
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