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Full-Endoscopic Foraminotomy with a Novel Large
Endoscopic Trephine for Severe Degenerative
Lumbar Foraminal Stenosis at L5S1 Level:
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To (i) introduce the technical notes of a novel full-endoscopic foraminotomy with a large endoscopic trephine for the treat-
ment of severe degenerative lumbar foraminal stenosis at L5S1 level; (ii) assess the primary clinical outcomes of this tech-
nique; (iii) compare the effectiveness of this full-endoscopic foraminotomy technique and other previous techniques for
lumbar foraminal stenosis. From January 2019 to August 2019, a retrospective study of L5S1 severe degenerative lumbar
foraminal stenosis was performed in our center. All patients who were diagnosed with severe foraminal stenosis at L5S1

level and failed conservative treatment for at least 6 weeks were identified. Patients with segmental instability or other
coexisting contraindications were excluded. A total of 21 patients were enrolled in the study. All patients were treated by
full-endoscopic foraminotomy using large endoscopic trephine. The visual analogue scale (VAS) and Oswestry disability
index (ODI) were evaluated preoperatively and at 1, 3, 6 months, and 1 year after the surgery, and the modified MacNab
criteria were used to evaluate clinical outcomes at the last follow-up. There were 10 males and 11 females with a mean
age of 66.38 � 9.51 years. Five patients had a history of lumbar surgery. The mean operative time was
63.57 � 25.74 min. The mean follow-up time was 13.29 � 1.38 months. The mean postoperative hospital stay time was
1.29 � 0.56 days. The mean preoperative VAS score significantly decreased from 7.38 � 1.02 to 2.76 � 1.09
(t = 19.759, P < 0.01), 2.25 � 1.02 (t = 21.508, P < 0.01), 1.60 � 1.05 (t = 31.812, P < 0.01), and 1.45 � 1.10
(t = 25.156, P < 0.01) at 1 month, 3 months, 6 months, and 1 year after the operation. The mean preoperative ODI score
significantly decreased from 64.66% � 4.91% to 30.69% � 4.59% (t = 33.724, P < 0.01), 29.44% � 4.50% (t = 32.117,
P < 0.01), 24.22% � 4.14% (t = 33.951, P < 0.01), and 22.44% � 4.94% (t = 30.241, P < 0.01) at 1 month, 3 months,
6 months, and 1 year after the operation. At the last follow-up, 19 patients (90.48%) got excellent or good outcomes. One
patient suffered postoperative dysesthesia, and the symptoms were controlled by conversion treatment. One patient took
revision surgery due to the incomplete decompression. There were no other major complications. Percutaneous endoscopic
decompression is minimally invasive spine surgery. However, the application of endoscopic decompression for L5S1 forami-
nal stenosis is relatively difficult due to the high iliac crest and narrow foramen. Full-endoscopic foraminotomy with the large
endoscopic trephine is an effective and safe technique for the treatment of degenerative lumbar foraminal stenosis.
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Introduction

Degenerative lumbar spinal stenosis results from gradual
degenerative changes in the lumbar spine and can sig-

nificantly affect mobility, function, and quality of daily life.
Degenerative lumbar spinal stenosis is a common disease
among the geriatric population and the most frequent indi-
cation for spinal surgery. Lumbar foraminal stenosis is a spe-
cial type of lumbar spinal stenosis.

The lumbar intervertebral foramina is a round, oval, or
inverted teardrop zone lateral to the spinal canal. The ana-
tomical boundaries of the lumbar foramina are as below: the
upper boundary is the superior vertebral pedicle; the lower
boundary is the inferior vertebral pedicle; the anterior
boundary is the intervertebral disc, the posteroinferior part
of the upper vertebral body, and the posterosuperior part of
the lower vertebral body; the posterior boundary is the facet
joint and the ligamentum flavum (LF). The normal area of
lumbar foramina ranges from 40 to 160 mm2, and the height
of lumbar foramina ranges from 20 to 23 mm. The exiting
nerve root and dorsal root ganglia through the lumbar
foramina are surrounded by radicular vessels and fat. The
nerve runs in the anterosuperior part of the foramina, which
is between the superior transforaminal ligaments and the
inferior transforaminal ligament1. The ratio of the exiting
nerve root and dorsal root ganglia to the foraminal area
could reach 30%2.

Degenerative lumbar foraminal stenosis is defined as
neural foraminal narrowing caused by the diminishment of
the foraminal height, hypertrophy of the facet joint and
ligamentum flavum (LF), subluxation of the superior articu-
lar process (SAP), osteophytes, and lateral disc herniations3.
Far lateral disc herniation, foraminal height decrease, and
posterolateral osteophytes could compress the exiting nerve
root to the superior pedicle, which results in the vertical ste-
nosis of the foramen. Hypertrophic LF and facet joint, sub-
luxation of the SAP, and bony spurs could compress the
exiting nerve root which leads to the transverse stenosis of
the foramen. A combination of vertical stenosis and trans-
verse stenosis could cause the circumferential stenosis of the
foramen. The nerve will be compressed severely in the cir-
cumferential foraminal stenosis that most of this area may
need surgical treatment. The buckling of the LF caused by
foraminal height decrease also contributes to the circumfer-
ential foraminal stenosis. A previous study pointed out that
foraminal height less than 15 mm and posterior disc height
less than 4 mm will result in significant nerve compression.

Lumbar foraminal stenosis tends to occur in the lower
lumbar levels. A previous study reported that 75% of lumbar
foraminal stenosis occurred in the L5S1 level4. The reason
may be related to the following factors. First, the diameter of
the L5 dorsal root ganglia is the biggest (8.3 mm) and could
occupy nearly 51.2% of the available foraminal area. Second,
the LF coverage ratio of the foraminal area was largest in the
L5S1 level

5. This also indicates the LF is more likely to buckle
and compress the nerve when L5S1 foraminal height
decreases. Finally, the lumbosacral junction level, the

mobility, and loading of the L5S1 level are larger than other
levels. This also makes L5S1 level tend to occur degeneration,
which result in disc herniation, disc height loss, facet joint,
and LF hypertrophy.

Lumbar exiting nerve root and dorsal root ganglia
could be compressed by lumbar foraminal stenosis, and
result in low back pain and radicular symptoms. The inci-
dence of lumbar foraminal stenosis was reported as 8%–
11%4,6. The previous study pointed out that nearly 60% of
failed back surgery syndromes were caused by unrecognized
and incomplete decompression of lumbar foraminal
stenosis7.

Conventional open paraspinal foraminotomy or fora-
minoplasty has been considered as the golden standard treat-
ment for lumbar foraminal stenosis8,9. However, open surgery
would have more surgical trauma and take a longer time for
postoperative recovery10. Moreover, some patients suffered
postoperative radicular pain or dysesthesia, which was attrib-
uted to the excessive manipulation of the dorsal root ganglion
or incomplete decompression9,11.

To solve these problems, minimally invasive spine sur-
gery including percutaneous endoscopic foraminal dis-
cectomy or foraminoplasty was developed12–15. These
techniques had many advantages including less bleeding,
minor surgical trauma, a shorter hospital stay, and a rapid
postoperative functional recovery16–18. However, most of
these minimally invasive techniques used were limited to the
soft disc and to mild or moderate foraminal stenosis due to a
lack of effective decompression tools. For bony and severe
foraminal stenosis especially at L5S1 level, where the obstruc-
tion of the high iliac crest and L5 transverse process exist

19, a
safe, complete, and effective decompression remains a great
challenge.

In the present study, we performed endoscopic fora-
minotomy by using the large endoscopic trephine for degen-
erative lumbar foraminal stenosis at the L5S1 level, which
placed the procedure of bony decompression directly under
endoscopic observation. The objective of the present study
was to: (i) describe the technical notes of this full-endoscopic
foraminotomy with a novel large endoscopic trephine for the
treatment of severe degenerative lumbar foraminal stenosis
at L5S1 level; (ii) assess the primary clinical outcomes of this
technique; (iii) compare the effectiveness of this full-
endoscopic foraminotomy technique and other previous
techniques for lumbar foraminal stenosis.

Methods and Materials

Inclusion and Exclusion Criteria
The inclusion criteria were as follow: (i) patients with radicu-
lar symptoms caused by L5S1 foraminal stenosis;
(ii) conservative treatment failed for at least 6 weeks;
(iii) preoperative magnetic resonance imaging (MRI) and
computed tomography (CT) showed severe foraminal steno-
sis (nerve root collapse)20; (iv) underwent full-endoscopic
foraminotomy surgery; (v) followed up for 12 months.
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The exclusion criteria were as follows: (i) segmental
instability; (ii) isthmic lumbar spondylolisthesis or degenera-
tive lumbar spondylolisthesis greater than I degree; (iii)
coexisting contraindications such as infection and tumor.

Patient Population
Between January 2019 and August 2019, 21 patients with
L5S1 foraminal stenosis treated by full-endoscopic
foraminotomy were enrolled in our study according to the
inclusion and exclusion criteria. All procedures were
approved by the Ethics Committee of our institution.

Surgical Technique

A Novel Large Endoscopic Trephine System
A special and novel instrument named large endoscopic tre-
phine system was designed for full-endoscopic foraminotomy
(Fig. 1A,B). The outside diameter (OD) and inside diameter
(ID) of the trephine was 7.5 mm and 6.5 mm. The OD of
the endoscope was 6.3 mm and the ID of the working can-
nula was 7.6 mm (Endo-Surgi/Standard, Joimax, German).
Endoscopic trephine could be inserted between the working
cannula and endoscope, and could remove the bone under
endoscopic observation.

All surgeries were performed by experienced endos-
copy surgeons. The surgical procedures could be summarized
into the following three steps: (i) a safe extraforaminal
approach to the lateral side of the SAP; (ii) a safe and effec-
tive bony decompression including hypertrophied SAP, ven-
tral side of the isthmus, and inferior side of the superior
pedicle; (iii) soft tissue decompression including thickened
LF and foraminal ligament (Fig. 2A–E).

Patient Preparation and Approach
All operations were performed under local anesthesia. The
patient was placed in the lateral position on a radiolucent
table (Fig. 3A). The entry point was located 7 to 9 cm lateral
from the midline (depending on the iliac crest, the L5 trans-
verse process, and the L5S1 disc space) (Fig. 3B). The direc-
tion of the approach should be parallel to the L5S1 disc

space. The main target point was the shoulder of the SAP
(Fig. 3B–D). To identify an adequate approach trajectory,
preoperative radiography and intraoperative fluoroscopy
should be carefully checked.

The procedure of the approach was performed in the fol-
lowing steps: (i) once the entry point and direction were con-
firmed, local anesthesia (2% lidocaine 15 mL, 1% ropivacaine
10 mL, and saline 20 mL) was performed on soft tissue and
facet joint; (ii) an 18-gauge spinal needle was inserted into the
shoulder of SAP by the guidance of fluoroscopy, and then a
guidewire was passed to replace the spinal needle; (iii) a skin
incision was made, a series of obturators were inserted through
the guidewire; (iv) a bevel-ended working cannula was inserted
through the obturator, and the cannula was put in contact with
the surface of SAP; (v) the endoscopic trephine and endoscope
were inserted, and the surface of SAP could viewed by the endo-
scope (Fig. 3E,F).

Endoscopic Foraminal Decompression
The bony decompression was performed using endoscopic
trephine (Fig. 1A,B). The key points of bony decompression
by endoscopic trephine were as follows. First, the endoscopic
trephine should be firmly in contact with the surface of the
bone to prevent slipping. Second, the trephine should be
rotated to remove the bone. The movement of the bone was
observed under endoscopy that when the trephine rotated in
the opposite direction, it indicated that the bone had been
resected enough. Sometimes, a layer of fragile cortical bone
preserved on the ventral side should be removed gently.
Finally, the direction of the bony decompression was from
outside to inside and from caudal to cranial. Large bones
could be resected in several parts. The range of cranial
decompression should expose the cranial attachment of
foraminal ligamentum flavum.

The procedure of foraminal decompression was per-
formed using the following steps: (i) after the capsule and
soft tissue were removed, the surface of SAP bone was
exposed (Fig. 4A,B); (ii) endoscopic trephine was used to
remove partial hypertrophied SAP shoulder, tip, and

A B

Fig. 1 Endoscopic trephine system. (A, B):

Specially designed instruments of

endoscopic trephine system. (A) Special

trephine (left), working cannula (medial),

secondary bevel-ended working cannula

(right). (B) Schematic illustration of the

endoscopic trephine system. Endoscopic

trephine was inserted between the

working cannula and endoscope, which

could remove the bone under endoscopic

observation.
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osteophyte. After this procedure, the foraminal structures
including exiting nerve root, foraminal ligament, and LF
appeared clearly (Fig. 4C,D); (iii) the partial ventral side of

the inferior articular process and isthmus were removed by
endoscopic trephine. We carefully continued cranial bony
decompression until the cranial attachment of foraminal LF

A

B C

D E

Fig. 2 Schematic illustration of the foraminotomy

by using the endoscopic trephine. (A) A flow chart of

the key steps for full-endoscopic foraminotomy

surgery. (B) The initial decompression started at the

shoulder of SAP, and the working cannula was

placed in contact with the surface of SAP. (C) The

procedure of bony decompression was from outside

to inside and from caudal to cranial.

(D) Decompression cranially to the partial ventral

side of the isthmus and inferior side of superior

pedical until the cranial attachment of foraminal

ligamentum flavum exposed. (E) Removed

thickened LF, nucleus pulposus fragments and

foraminal ligament, the decompression was

completed. Upper was coronal illustration, and the

lower was sagittal illustration. LF was figured in

gray, dura and nerve root were figured in yellow,

disc and nucleus fragments were figured in blue,

bony structure was figured in light yellow.
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was exposed (usually the transition zone of the inferior and
posterolateral side of the pedicle and the base of the trans-
verse process). We removed the attachment of foraminal
LF. Thus, the thickened foraminal LF was en-bloc removed
(Fig. 4E); (iv) the secondary bevel-ended working cannula
was inserted to replace the endoscopic trephine. An explora-
tion of foramen could be performed. Preserved bone debris,
ligaments, and possibly existed redundant disc could be

removed by endoscopic graspers and punches. The decom-
pression was completed when the exiting nerve root could be
mobilized freely by straight leg raising test or flexible probe
(Fig. 4F).

We withdrew the endoscopy system and closed the
skin incision with a 1-point subcutaneous suture. Patients
were permitted to be discharged when they could walk with-
out complications.

A

B C D

E F

Fig. 3 Placement of working cannula. (A) The patient was placed in the lateral position. The entry point was located 8 cm lateral from midline.

(B) Reconstructed 3D illustration showed the cannula was placed parallel to L5S1 disc space, and targeted at the shoulder of the SAP. (C, D)

Intraoperative radiography showed the extraforaminal placement of the working cannula. (E) The endoscopic views of the SAP. (F) The endoscopic

trephine was inserted for bony decompression. SAP, superior articular process; Endo, endoscopic.
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Outcome Evaluation
The operation time, postoperative hospital stay time, and
complications were recorded. Clinical outcomes measure-
ments were evaluated preoperatively and at 1, 3, 6 months,
and 1 year after the operation. Modified MacNab criteria
was used to evaluate the overall clinical outcomes at the last
follow-up. Patients’ clinical data were collected by chart
reviews and patient-based outcome questionnaires or tele-
phone interviews.

Clinical Outcomes Measurements

Visual Analog Scale (VAS)
VAS was used to evaluate low back pain and leg pain. VAS
divided the degree of pain from 0 to 10: 0 represented no
pain, 1 to 3 represented mild pain, 4 to 6 represented moder-
ate pain, 7 to 9 represented severe pain that patient could
not tolerate, and 10 represented the most pain21.

Oswestry Disability Index (ODI)
ODI was wildly used to evaluate the limitations of daily
activities caused by spinal diseases. The ODI contains
10 questions, including pain intensity, self-care, lifting, walk-
ing, sitting, standing, sleep, sex, social, travel. Each question
score range was from 0 to 5 points. We summarized each
question the patients answered and converted them into a
percentage score as follows: (total score/(5 × number of
questions answered)) × 100%. The percentages reflected pain
as follows: 0% to 20% represented mild dysfunction, 21% to
40% represented moderate dysfunction, 41% to 60% repre-
sented severe dysfunction, and 61% to 80% represented dis-
ability, 81% to 100% represented long-term bedridden or
exaggerating the influence of the pain22.

Modified MacNab Criteria
Modified MacNab criteria were used to evaluate the overall
effectiveness of the surgery, including four grades. Excellent:
No restriction of mobility, return to normal work and level

A B C

D E F

Fig. 4 Intraoperative endoscopic views of the decompression by endoscopic trephine. (A) The facet joint capsule was exposed. (B) Endoscopic

trephine was inserted to remove the shoulder of SAP. (C) Partial SAP was removed by endoscopic trephine, and a layer of fragile cortical bone

preserved on the ventral side. It could prevent the injury of the nerve root. (D) LF and joint space were exposed after partial SAP and IAP was

removed. (E) The cranial attachment of foraminal LF was exposed. It should be removed carefully. (F) The complete full-range decompression of the

exiting nerve root.
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of activity. Good: Relief of presenting symptoms, able to
return to modified work. Fair: Some improved functional
capacity, still handicapped. Poor: No relief of symptoms.

Statistical Analysis
Continuous variables were expressed as means � SD, preop-
erative, and postoperative clinical outcomes were compared
using paired t-test. P value <0.05 was considered significant.
Statistical analysis was performed by SPSS 20.0 (SPSS. Chi-
cago, IL, USA).

Result

Demographics and Operative Data
There were 10 males and 11 females with a mean age of
66.38 � 9.51 years (ranged from 52 to 85 years). Five
patients had a history of lumbar surgery. Three of them
underwent open discectomy and fusion surgery at the adja-
cent level, two patients underwent endoscopic discectomy at
the operative level. The mean operative time was
63.57 � 25.74 min (ranged from 33 to 114 min). The mean
follow-up time was 13.29 � 1.38 months (ranged from 12 to
16 months). The mean postoperative hospital stay time was
1.29 � 0.56 days (ranged from 0 to 2 days).

Clinical Outcomes

VAS and ODI
The mean preoperative VAS score significantly decreased
from 7.38 � 1.02 to 2.76 � 1.09 (t = 19.759, P < 0.01),
2.25 � 1.02 (t = 21.508, P < 0.01), 1.60 � 1.05 (t = 31.812,
P < 0.01), and 1.45 � 1.10 (t = 25.156, P < 0.01) at 1 month,
3 months, 6 months, and 1 year after the operation. The
mean preoperative ODI score significantly decreased from
64.66% � 4.91% to 30.69% � 4.59% (t = 33.724, P < 0.01),
29.44% � 4.50% (t = 32.117, P < 0.01), 24.22% � 4.14%
(t = 33.951, P < 0.01), and 22.44% � 4.94% (t = 30.241,
P < 0.01) at 1 month, 3 months, 6 months, and 1 year after
the operation (Fig. 5).

Modified MacNab Criteria
At the last follow-up, according to the modified MacNab
criteria, 12 patients got an excellent outcome, seven patients
got a good outcome, one patient got a fair outcome, and one
patient got a poor outcome. The successful rate (excellent
and good outcomes) reached 90.48% in our study.

One patient suffered postoperative dysesthesia, and the
symptoms were controlled by conversion treatment. One
patient took revision surgery due to the incomplete decom-
pression. There were no other major complications.

Discussion

Difference with the Traditional Endoscopic Trephine
For past decades, the application of trephine for endoscopic
decompression was guided by fluoroscopy13,23,24. With the
development of technology, the endoscopic trephine guided
under endoscopic visualization was used for endoscopic
decompression14. However, the diameter of this traditional
endoscopic trephine was relatively small, and it was inserted
inside the endoscope. The efficiency of this traditional endo-
scopic trephine for bony compression was low14.

The overall decompression procedure performed by
the endoscopic trephine in this study could be monitored
under endoscopic view, which reduced the occurrence of
potential neurovascular injury. Furthermore, the large diam-
eter of the endoscopic trephine in this study could provide
efficient and sufficient decompression.

The application of the endoscopic trephine technique
in patients with severe foraminal stenosis has many advan-
tages. First, the decompression for foramen was from outside
to inside. At the beginning of this technique, the cannula
was placed at the extraforaminal zone instead of being
inserted into the foraminal zone, which could decrease the
occurrence of exiting nerve root irritation13. In this study, we
inserted the endoscopy and trephine when the cannula was
contacted with the surface of SAP. This meant the first step
of decompression could be guided by the endoscopic view.

A B

Fig. 5 VAS and ODI were improved significantly after the surgery. (A) VAS before surgery (pre-op) and at 1 month, 3 months, 6 months, and 1 year

after surgery. (B) ODI before surgery (pre-op) and at 1 month, 3 months, 6 months, and 1 year after surgery.
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Second, the endoscopic trephine could resect the bone rap-
idly under direct endoscopic observation control. This tech-
nique offered sufficient decompression of exiting nerve root
in foraminal stenosis and minimized the incidence of neural
injury and bleeding (Fig. 6). The manipulation of the endo-
scopic trephine was simple to experienced surgeons. The
mean operative time could be shortened to 63 min with the
shortest operative time of 33 min. Furthermore, the instru-
ments were easier to acquire without major cost. Overall, it
was an efficient and safe technique for foraminal stenosis.
Finally, as introduced previously, the approach of our tech-
nique was paralleled to the disc space, and the entry point
was closer to the midline than those conventional trans-
foraminal approaches, which made it easier to reach L5S1
foraminal. The high iliac crest and L5 transverse process did
not obstruct our approach. Meanwhile, the SAP basilar part

and most of the SAP body were preserved, and there was no
postoperative back pain to affect stability.

Endoscopic Decompression for Foraminal Stenosis and
Clinical Outcomes
For past decades, several percutaneous endoscopic decom-
pression techniques for lumbar foraminal stenosis have been
developed. Knight et al.25 introduced the use of lasers for
foraminoplasty, which could ablate discs, ligaments, and
osteophytes. However, the effect of the laser for bony stenosis
is low and time-consuming. Ahn et al.23 reported the
foraminotomy by reamer in patients with L5S1 foraminal
stenosis. Schubert and Hoogland24 also described the
foraminoplasty by reamer in patients with migrated disc her-
niation. Reamer could remove the hypertrophied bone effec-
tively. However, the use of reamer was guided by fluoroscopy.

A B C

D E F

Fig. 6 The case of a 56-year-old female patient. (A, B) Preoperative MRI and CT showed the severe foraminal stenosis at the left L5S1 level. (C, D)

Postoperative CT showed complete foraminal decompression was achieved. Preoperative (E) and postoperative (F) reconstructed 3D illustrations

showed the exiting nerve root was completely decompressed. The gray part was L5 vertebral and structures above L5. The red part was S1 vertebral

and structures below S1. The green part was the iliac crest. The orange line was the exiting nerve root. The orange dotted line was the exiting nerve

root covered by the bony structures. The hypertrophied SAP, ventral side of the isthmus and the transition zone of the posterolateral side of the

superior pedical and the base of the transverse process were removed.
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The decompression was not visually controlled which could
lead to neural injury.

Recently, Ahn et al.14 described the use of the endo-
scopic drill for foraminotomy in patients with foraminal ste-
nosis. Choi et al.13 also reported the foraminoplasty for disc
herniation by using an endoscopic drill. The endoscopic drill
was a safe and effective technique that could accomplish
decompression under endoscopic observation. However, the
manipulation of the endoscopic drill is difficult and time-
consuming. Lee et al.12 demonstrated a biportal endoscopic
technique by using pituitary rongeur and Kerrison punch for
patients with foraminal stenosis. It could also decompress
under endoscopic vision. However, the efficacy for bony ste-
nosis is low and time-consuming.

In our study, we used endoscopic trephine for fora-
minotomy in patients with L5S1 foraminal stenosis. This tech-
nique provided full decompression of exiting nerve root in
bony foraminal stenosis with the control of direct endoscopic
observation. The VAS and ODI scores were significantly
decreased at 1, 3, 6 months, and 1 year after the operation.
The satisfied rate was 90.48% and no major complications
occurred at the last follow-up. Our results were comparable to
previous endoscopic decompression techniques (Table 1).
These results indicated that the endoscopic trephine technique
was safe and effective for foraminal stenosis decompression.

Technical Considerations for Successful Decompression
The most important point of this technique was the place-
ment of the working cannula and the sufficient decompres-
sion of the exiting nerve root. In the case of L5S1
degenerative foraminal stenosis, the hypertrophied SAP sub-
luxated superiorly and anteriorly, and the foraminal height
decreased, which made the foramen relative narrow3,4. So,

the cannula was placed at the shoulder of SAP, away from
the compressed exiting nerve root. The decompression pro-
cedure that started from the shoulder, might be safer than
those that started from the tip. Another key point for this
technique is that bony decompression should be performed
until the cranial attachment of LF was exposed. In the L5S1
level, LF passed over the posterior of the foramen and cov-
ered the third cross-sectional area of the foramen26. More-
over, the lateral LF went more obliquely and cranially which
covered the dorsal space of the exiting nerve root. The thick-
ened LF and the inferior and posterolateral part of the pedi-
cle should also be removed (Fig. 6). Furthermore, the
removed part of the facet joint was less than 50% (Fig. 6E,F).
Besides, there was no postoperative back pain related to
activities reported by patients during the follow-up period,
which we consider that stability was not affected20. The com-
plete decompression for the full range of exiting nerve roots
without excess removal of the facet joint should be achieved.

Limitation
The main limitation of our study was that the follow-up time
was relatively short. The second limitation is that the study
lacked a control group which decreased the evidence quality.
The long-term efficacy of this technique still needs a large-
sample, prospective, controlled cohort study to confirm its
findings.

Conclusion

The preliminary results of this technique were satisfying.
Full-endoscopic foraminotomy with the endoscopic tre-

phine is an effective and safe technique for the treatment of
degenerative lumbar foraminal stenosis.
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