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Outcomes of percutaneous endoscopic trans-articular discectomy
for huge central or paracentral lumbar disc herniation

Yu Wang1
& Yuqing Yan1

& Jin Yang1
& Lifeng Zhang1

& Chuan Guo1
& Zhiyu Peng1

& Hao Wu1
& Dongfeng Zhang1

&

Qingquan Kong1

Received: 22 July 2018 /Accepted: 18 October 2018 /Published online: 29 October 2018
# SICOT aisbl 2018

Abstract
Purpose This study reports a new technique known as percutaneous endoscopic trans-articular discectomy (PETAD) for huge
central/paracentral lumbar disc herniation (LDH).
Methods Sixteen patients with huge central/paracentral LDH who underwent PETAD in our department from July 2015 to
July 2016 were retrospectively analyzed. Clinical outcomes were evaluated according to pre-operative and post-operative visual
analog scale (VAS) and Oswestry disability index (ODI) scores and the MacNab criteria. Immediate post-operative MRI and CT
were conducted to confirm complete removal of LDH along with follow-up flexion-extension X-ray to observe lumbar stability.
Results The huge central/paracentral LDH was completely removed by PETAD in 16 patients, as confirmed by post-operative
MRI and CT. Leg pain was eased after removal of the disc herniations. The satisfactory (excellent/good) results were 93.7%. The
mean follow-up duration was 15.6 (range, 3–24) months. The mean pre-operative VAS and ODI scores were 5.72 ± 1.18 (range,
4–9) and 60.1 (range, 51–87), respectively, which decreased to 1.26 ± 0.81 (range, 0–3) and 18.1 (range, 10–31), respectively at
the third month post-operatively and to 0.78 ± 0.62 (range, 0–1) and 7.2 (range, 0–15), respectively by the last follow-up visit. No
recurrence and segmental instability was observed in any of the 16 patients during the follow-up period.
Conclusion PETAD could be a good alternative for treatment of huge central/paracentral LDH.
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Introduction

After Kambin first proposed the concept of posterolateral per-
cutaneous lumbar disc decompression in 1973 [1], people had
widely improved the technique of percutaneous endoscopic
lumbar discectomy (PELD). Nowadays, PELD has become
increasingly popular in treating kinds of lumbar disc hernia-
tion (LDH) [2–6]. Initially, percutaneous endoscopic lumbar
foraminoplasty (PELF) was an important step following the
PELD, which is used to enlarge the foramen using trephine
and/or high-speed drill to insert the endoscopic system into the
spinal canal [7–9]. Thereafter, foraminoplasty was used as a

decompressive method when treating lumbar spinal stenosis
[10, 11]. The procedure of foraminoplasty was facilitated by
changing the specific location of the needle tip and trajectory
of trephine to decompress different compressive pathology.

Various foraminoplasty methods are available [12]. The
classical TESSYS technique popularized by Hoogland et al.
first introduced the foraminoplasty which resected the upper-
ventral part of the superior articular process (SAP) [4]. To
decompress the lateral recess, variation of the TESSYS tech-
nique was needed for removal of lower-ventral part of SAP [7,
10]. In other cases, such as far-migrated disc herniation, a
portion of the pedicle should be removed along with SAP in
foraminoplasty [13]. We also reported an accurate two-step
decompression via foraminoplasty: cutting the medial-
ventral part of the SAP and lateral-ventral part of the inferior
articular process (IAP), in treating lumbar stenosis containing
both retrodiscal space and lateral recess [14]. Very recently,
the new concept of percutaneous endoscopic ventral
facetectomy has been proposed [15]. Besides, others used
similar technique to create working canal via the translaminar
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approach to treat down-migrated LDH [16]. In summary, most
current existing PELF focused on removing different parts of
SAP.

However, PELF is challenging especially for central/
paracentral LDH patients because firstly the dural sac be-
comes flat and laterally expands resulting from the compres-
sion of huge central disc segments; the dural sac and nerve
root may easily become injured during foraminoplasty.
Second, to reach the central site, more SAP should be
resected, which leads to post-operative low back pain (LBP)
and potential lumbar instability.

In this study, to solve the aforementioned challenges, we
first introduced a new technique to effectively and safely re-
move the central/paracentral LDH by percutaneous endoscop-
ic trans-articular discectomy (PETAD) using our designed
depth-limited trephine and analyzed its short-term clinical
outcomes.

Materials and methods

Sixteen patients with huge central/paracentral LDH who
underwent PETAD in our department from July 2015 to
July 2016 were retrospectively involved in this study. All pro-
cedures were performed by a single endoscopic spine surgeon.
Data on sex, age, duration of symptoms, and history of sur-
gery of every patient were collected. Visual analog score
(VAS), Oswestry Disability index (ODI), and the MacNab
criteria were used by an independent surgeon to assess the
clinical outcomes. Patients usually undergo immediate post-
operative MRI and CT and are permitted to be discharged. In
the last follow-up, patients should undergo MRI to confirm
that LDH has not recurred and flexion-extension X-ray to
observe lumbar stability.

Surgical tools

Our specially designed instrument for tunnelplasty (ZL
201621149959.2) consists of a trephine, handle, and stopper
(Fig. 1). The saw tooth of the trephine is similar to that of the
traditional trephine. The trephine has different diameters:
6.5 mm, 7.5 mm, and 8.5 mm. However, the total length of
the trephine is the same (243 mm). In the proximal end of the
trephine, there are 17 circular grooves; the first groove is
165 mm away from the distal end of the trephine with an
interval of 2 mm in the adjacent grooves. The depth of
tunnelplasty was accurately controlled and limited by the stop-
per located in the trailing end of the trephine. The stopper is
locked in one of the grooves; the trephine cannot advance
because of the obstruction of the stopper from the protective
cannula. The desired tunnelplasty depth can be adjusted by the
location of the stopper. The handle can be easily assembled
and unassembled from the trephine.

Surgical technique

In all patients, PETADwas performed in the prone position on
a radiolucent table. The procedure was assisted using C-arm
fluoroscopy. Local anesthesia was used to facilitate commu-
nication between the surgeon and the patient. First, we
inserted an 18-gauge needle by posterolateral approach after
infiltrating the intended needle entry tract with 8–10 ml of
0.5% lidocaine. In the lateral view, the needle tip should lie
at the tip of the SAP, while the tip of the needle in the
anteroposterior (AP) view should be at the lateral surface of
the tip of the SAP (Fig. 2d, e).

Then, the needle is replaced with a 1-mm-diameter guide
wire after infiltrating 15–20 ml of 0.5% lidocaine in the inter-
vertebral foramen. A blunt, tapered cannulated obturator is
inserted over the guide wire under fluoroscopic control.
Sequential protective cannulas were inserted over the obtura-
tor. Finally, the protective cannula was inserted and was
placed in appropriate position.

The depth-limited trephine was used to perform
tunnelplasty. The inclination of the depth-limited trephine tra-
jectory should be from the tip of the SAP to the posterior rim
of the upper endplate in lateral view and from the tip of the
SAP to the midpoint of the upper endplate in AP view
(Fig. 2a, b). In the tunnelplasty process, the surgeon should
consciously under draft the trephine, keeping the horizontal
angle at 5–15°.The accurate depth of tunnelplasty was deter-
mined by axial CT scans pre-operatively or based on clinical
experience (commonly 15 mm) and was adjusted via the lo-
cation of the stopper immediately after the trephine reached
the facet joint. We should carefully advance the depth-limited
trephine with rotation under fluoroscopic guidance. To ensure
the inner-ventral part of the SAP, outer-ventral part of the IAP,
and a part of the articular facet were removed, the final

Fig. 1 Specially designed depth-limited trephine
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location of the distal end of the trephine should be confirmed;
the distal end of the trephine should reach the midpoint of the
spinous process and the medial surface of the pedicle in the
AP view, while that just arrived in the ventral boundary of the
SAP in the lateral view (Fig. 2f, g). The above-mentioned
structure could be removed along with the trephine once they
were cut off. The ideal diameter of the bony tunnel was slight-
ly larger than 8 mm to allow the working cannula to pass
through.

Subsequently, an 8-mm working cannula replaced the pro-
tective cannula. In some cases, additional tunnelplasty was
performed when the initial process was insufficient. Then,
the herniated nucleus was endoscopically removed by endo-
scopic forceps through the lateral aspect of the dura. Further,
adjusting the working cannula to completely resect any other
sequestered discs and hypertrophied posterior longitudinal lig-
ament is necessary. The surgeon can see and mobilize both the
traversing, exiting nerve root and the dural sac under endo-
scopic visualization. Free movement of nerve root and dural
sac indicates complete decompression. The radiofrequency
probe was used to control epidural bleeding under saline
irrigation.

Results

The mean age of the 16 patients was 51.9 (range, 24–76)
years, of which nine were male and seven were female. All
patients were diagnosed with single-level central/paracentral
LDH with the complaint of leg pain with or without LBP. Pre-
operative blocking of nerve root could be applied for diagno-
sis in some intractable cases. The mean duration of symptoms
was 8.6 months (range, 4–36). Pre-operative MRI and CT
images were obtained in all patients. The patients with lumbar

spinal stenosis were excluded. The mean follow-up period
was 15.6 months (range, 3–24). The level was L4/5 in ten
patients and L5/S1 in six patients.

Clinical outcomes

PETAD was successfully performed in all 16 patients without
formation of haematomas, dural tears, or any nerve root inju-
ries. Leg pain was immediately eased after removal of the disc
herniation. According to the modified MacNab criteria, satis-
factory (excellent/good) results were 93.7% (excellent; 8,
good; 7, and fair; 1). The mean pre-operative VAS and ODI
scores were 5.72 ± 1.18 (range, 4–9) and 60.1 (range, 51–87),
respectively, which decreased to 1.26 ± 0.81 (range, 0–3) and
18.1 (range, 10–31), respectively at the third month post-
operatively and to 0.78 ± 0.62 (range, 0–1) and 7.2 (range, 0–
15), respectively by the last follow-up visit. In addition, we
found post-operative LBP in one patient, which was relieved
after conservative treatment. No recurrence and segmental in-
stability were observed in any patient in the last follow-up.

Case presentation

A 51-year-old male patient who could not walk for 1 month
was treated in our department. He complained of severe left
radicular pain with severe left buttock and leg pain for
two months. A huge paracentral LDH in L4/5 was confirmed.
After careful analysis, PETAD was performed. We confirmed
total decompression by postoperative MRI. The leg pain was
relieved immediately after the operation. In the last two year
follow-up, no LDH recurrence and lumbar instability were
indicated (Fig. 3).

Fig. 2 a, b Schematic diagram of
the inclination of the trephine
trajectory in AP and lateral view
(shown by blue arrow). c Mimic
diagram of the post-operative
facet joint: inner-ventral part of
the SAP, outer-ventral part of the
IAP, and a part of an articular
facet were removed. d, e Initial
location of the needle tip in AP
and lateral view. f, g Final loca-
tion of the distal end of the
trephine
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Discussion

Central/paracentral LDH is commonly seen clinically; its
symptoms are varied. Pain symptoms typically occur on
one or both sides of the lower extremities. Additionally, large
central/paracentral LDH is the most common cause for cauda
equine syndrome (CES). Fortunately, we did not experience
CES in the present series. Large central/paracentral LDH is a
challenge for spinal surgeons. In the conventional lumbar
posterior approach, the range of laminectomy is larger than
that for simple lateral LDH, and the traction of the dural sac
tends to be greater with this approach as well. In the past,
several types of laminectomy and partial facetectomy were
used in posterior approaches for the surgical treatment of
large central/paracentral LDH [17, 18]. However, the proce-
dures may cause potentially post-operative instability and oc-
casionally require fixation and fusion. Other surgeons advo-
cate the transdural approach [19, 20]; however, this method

has the potential disadvantage of postoperative CSF leakage.
With the development of full-endoscopic technique, PELD
was used for the treatment of central/paracentral LDH; how-
ever, its significance was still controversial. Choi analyzed
10,228 cases treated with PELD and reported that the fre-
quency of incomplete decompression was high in the case
of central LDH [21]. Lee and Kang reported good operative
outcomes for central LDH patient using percutaneous endo-
scopic herniotomy [22, 23]. Li also reported good outcomes
in 16 consecutive patients with CES who underwent PELD
[17]. At present, percutaneous endoscopic interlaminar
discectomy (PEID) can also treat central/paracentral LDH
well with the advantage of adequate operative space and not
damaging facet joint [24]. However, PEID must be performed
under general anaesthesia which increases the operative time
and risk especially in older patients. There is still no univer-
sally accepted surgical technique in treating central/
paracentral LDH.

Fig. 3 a, b Pre-operative X-ray in AP and lateral views. c, d Pre-operative
MRI indicated the left huge paracentral LDH in L4/5. e Pre-operative
bony window axial CT scan in L4/5. f, g Fluoroscopy during operation
shows the final location of the distal end of the trephine. h Intra-operative
endoscopic view. The white star shows the articular facet. i The removed
facet joint including inner-ventral part of SAP, outer-ventral part of IAP,

and a part of articular facet. j, k Post-operative T2-weighted magnetic
resonance images shows that the paracentral LDH was completely
removed. l,m, n Post-operative CTscan clearly indicates the bony tunnel.
o, p Post-operative flexion-extension X-ray in the last follow-up indicated
no lumbar instability
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Even though percutaneous endoscopic transforaminal
discectomy with foraminoplasty could also [25] treat central/
paracentral LDH, there are many drawbacks. To widen the
Bforaminal gate,^ various current foraminoplasties aimed at
the partial removal of SAP. However, to reach the target site
and provide adequate endoscopic exposure, the resection of
SAP for large central/paracentral LDH will be more than that
in lateral LDH, which was bound to affect the integrity of the
facet joint (Fig. 4). Additionally, in older LDH patients, hy-
pertrophy of the facet joint often appeared simultaneously,
which made the foraminoplasty difficulty. We believe that
reducing unnecessary SAP damage may prevent potential
post-operative LBP and lumbar instability. Conversely, the
BKambin’s triangle^ is not completely safe in the case of large
central/paracentral LDH, because the dural sac becomes flat
and laterally expands because of LDH compression. Thus, in
the process of SAP-resected foraminoplasty, the dural sac and
inferior nerve root may easily get injured; these pose as dis-
advantages and technical challenges even for the experienced
endoscopic spine surgeons. In this study, we creatively use
PETAD in treating central/paracentral LDH patients. The en-
tire procedure is similar to typical TESSYS technique. Our
improved tunnelplasty method has several advantages. First,
our approach may allow the working cannula to directly target
the central/paracentral LDH (Fig. 4). The key step of PELD is
to position the working channel near the herniated mass. In
our technique, the working cannula was passed through the
created bony tunnel to reach the herniation. The shorter dis-
tance between the working cannula and the target site poten-
tially avoids injury to the dural sac and nerve root during the
process of puncture and construction of the working cannula.
Second, to avoid extensive resection of SAP, the PETAD only
removes a part of the facet joint, including the part of the

medial-ventral SAP, lateral-ventral IAP, and articular surface.
Most of the SAP can be reserved, which is crucial for
preventing post-operative lumbar zygapophyseal joint pain
[26]. In our study, only one patient presented post-operative
LBP with a rate lower than traditional full-endoscopic lumbar
discectomy: 12% reported by Rutten [27]. The diameter of our
trephines varies between 6.5 and 8.5 mm: a little thicker than
conventional procedures. Third, using our depth-limited tre-
phine, the dural sac and nerve root can be well protected and
the risk of damage is extremely low. As noted above, the dural
sac and nerve root directly lied below the medial-ventral facet
joint, which means that the procedure of depth limitation was
indispensable. With the protection of the stopper, the excision
size can be accurately controlled. Driven by hand, the trephine
could only cut off the bony structure; hence, the flavum liga-
ment remained during the procedure, avoiding any damage to
the nerve root or dural sac. In addition, surgeons could get
instant feedback from patients because they were kept awake
under local anaesthesia.

We are also concerned about the effect on post-operative
lumbar segmental stability after the removal of a part of the
facet joint. Although facetectomy may decrease spinal stiff-
ness and increases the mobility of the spinal motion segment
in all modes of loading [28–30], there is still no evidence
that injured or damaged facet joints consequently induce the
mechanical instability of the spine [31]. Moreover, our trans-
articular tunnelplasty only resect a small part of the facet
joint, about less than 10–20% of the whole facet joint.
Osman [32] removed the anteriomedial third of the SAP,
anterior part of IAP, and portion of the joint between them
via posterior and transforaminal decompression in a cadaver
biomechanical study and indicated that no flexibility change
and instability occurred. The range was a little more than
ours. Thus, we think that there was no violation of the an-
atomic integrity of the spine in our technique, and the risk of
surgically induced instability was minimized. We designed
lumbar dynamic position X-ray in each patient in the last
follow-up. No post-operative iatrogenic segmental instability
was found.

In our study, all central/paracentral LDH were successfully
removed by PETADwithout dural tears or nerve root injuries.
With TESSYS technique, 83.9–95.3% excellent or good re-
sults according to MacNab’s score were achieved in patients
with a single-level herniation [21, 33, 34]. Kang successfully
treated central LDH by PELD with foraminoplasty without
complication in 37 patients and achieved excellent and good
rates for 83.5% [23]. Of our patients, 93.7% reported satisfac-
tory clinical outcomes, and none had recurrent herniation.
These results are better than in previous endoscopic studies.
One of the reasons might be that the specially designed ap-
proach not only adequately created endoscopic cannel, realiz-
ing directly target to the herniated disc, but also effectively
avoided unnecessary resection of SAP. Importantly, our depth-

Fig. 4 The blue region shows the location of the huge paracentral LDH.
The two yellow lines indicate that portion should be removed in
traditional foraminoplasty. The two red lines indicate the portion needs
to be removed in our trans-articular tunnelplasty
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limited trephine effectively guaranteed the safety of the
procedure.

Our study has certain limitations, particularly the small
sample size (16 cases) and the short follow-up period in this
retrospective study. However, the aim of the study was to
introduce an alternative approach for treating central/
paracentral LDH rather than to compare it with other methods.
In addition, PETAD has a relatively narrow indication: the
approach only suited to simple single-level central/
paracentral LDH. Especially for large central/paracentral
LDH, the co-occurrence of central canal stenosis or lateral
recess stenosis is one of the reasons for incomplete removal.
Migrated LDH is another contraindication of the technique.

Conclusion

PETAD is a minimally invasive, effective, and safe surgical
method that can effectively treat central/paracentral LDH pa-
tients with the advantages of directly reaching the target site,
lower complication rate, and good short-term clinical out-
come. The use of depth-limited trephine was indispensable
in preventing nerve root injury for this technique.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Kambin P, Gellman H (1983) Percutaneous lateral discectomy of
the lumbar spine: a preliminary report. Clin Orthop 174:127–132

2. Yeung AT (2000) The evolution of percutaneous spinal endoscopy
and discectomy: state of the art. Mt Sinai J Med 67(4):327–332

3. Yeung AT, Tsou PM (2002) Posterolateral endoscopic excision for
lumbar disc herniation: surgical technique, outcome, and complica-
tions in 307 consecutive cases. Spine 27(7):722–731

4. Hoogland T, Schubert M, Miklitz B, Ramirez A (2006)
Transforaminal posterolateral endoscopic discectomy with or with-
out the combination of a low-dose chymopapain: a prospective
randomized study in 280 consecutive cases. Spine (Phila Pa
1976) 31(24):E890–E897. https://doi.org/10.1097/01.brs.
0000245955.22358.3a

5. Zheng C, Wu F, Cai L (2016) Transforaminal percutaneous endo-
scopic discectomy in the treatment of far-lateral lumbar disc herni-
ations in children. Int Orthop 40(6):1099–1102. https://doi.org/10.
1007/s00264-016-3155-x

6. Wang K, Hong X, Zhou BY, Bao JP, Xie XH, Wang F, Wu XT
(2015) Evaluation of transforaminal endoscopic lumbar discectomy
in the treatment of lumbar disc herniation. Int Orthop 39(8):1599–
1604. https://doi.org/10.1007/s00264-015-2747-1

7. Lewandrowski K-U (2014) BOutside-in^; technique, clinical re-
sults, and indications with transforaminal lumbar endoscopic

surgery: a retrospective study on 220 patients on applied radio-
graphic classification of foraminal spinal stenosis. Int J Spine
Surg 8:26–26. https://doi.org/10.14444/1026

8. Ahn Y (2014) Percutaneous endoscopic decompression for lumbar
spinal stenosis. Expert Rev Med Devices 11(6):000–000. https://
doi.org/10.1586/17434440.2014.940314

9. Sairyo K, Chikawa T, Nagamachi A (2018) State-of-the-art
transforaminal percutaneous endoscopic lumbar surgery under lo-
cal anesthesia: discectomy, foraminoplasty, and ventral
facetectomy. J Orthop Sci 23(2):229–236. https://doi.org/10.1016/
j.jos.2017.10.015

10. Li ZZ, Hou SX, Shang WL, Cao Z, Zhao HL (2016) Percutaneous
lumbar foraminoplasty and percutaneous endoscopic lumbar de-
compression for lateral recess stenosis through transforaminal ap-
proach: technique notes and 2 years follow-up. Clin Neurol
Neurosurg 143:90–94. https://doi.org/10.1016/j.clineuro.2016.02.
008

11. Ahn Y, Oh HK, Kim H, Lee SH, Lee HN (2014) Percutaneous
endoscopic lumbar foraminotomy: an advanced surgical technique
and clinical outcomes. Neurosurgery 75(2):124–133; discussion
132-123. https://doi.org/10.1227/NEU.0000000000000361

12. Li ZZ, Hou SX, Shang WL, Song KR, Zhao HL (2017) Modified
percutaneous lumbar foraminoplasty and percutaneous endoscopic
lumbar discectomy: instrument design, technique notes, and 5 years
follow-up. Pain Physician 20(1):E85–E98

13. Choi G, Lee SH, Lokhande P, Kong BJ, Shim CS, Jung B, Kim JS
(2008) Percutaneous endoscopic approach for highly migrated
intracanal disc herniations by foraminoplastic technique using rigid
working channel endoscope. Spine (Phila Pa 1976) 33(15):E508–
E515. https://doi.org/10.1097/BRS.0b013e31817bfa1a

14. Wang Y, Kong Q, Song Y (2017) Short-term effectiveness of accu-
rate decompression via foraminoplasty in treatment of lumbar lat-
eral recess stenosis. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi
31(11):1334–1340. https://doi.org/10.7507/1002-1892.201705076

15. Sairyo K, Higashino K, Yamashita K, Hayashi F, Wada K, Sakai T,
Takata Y, Tezuka F, Morimoto M, Terai T, Chikawa T, Yonezu H,
Nagamachi A, Fukui Y (2017) A new concept of transforaminal
ventral facetectomy including simultaneous decompression of fo-
raminal and lateral recess stenosis: technical considerations in a
fresh cadaver model and a literature review. J Med Investig
64(1.2):1–6. https://doi.org/10.2152/jmi.64.1

16. Du J, Tang X, Jing X, Li N, Wang Y, Zhang X (2016) Outcomes of
percutaneous endoscopic lumbar discectomy via a translaminar ap-
proach, especially for soft, highly down-migrated lumbar disc her-
niation. Int Orthop 40(6):1247–1252. https://doi.org/10.1007/
s00264-016-3177-4

17. Li X, Dou Q, Hu S, Liu J, Kong Q, Zeng J, Song Y (2016)
Treatment of cauda equina syndrome caused by lumbar disc herni-
ation with percutaneous endoscopic lumbar discectomy. Acta
Neurol Belg 116(2):185–190. https://doi.org/10.1007/s13760-015-
0530-0

18. Gu G, Zhang H, Fan G, He S, Cai X, Shen X, Guan X, Zhou X
(2014) Comparison of minimally invasive versus open
transforaminal lumbar interbody fusion in two-level degenerative
lumbar disease. Int Orthop 38(4):817–824. https://doi.org/10.1007/
s00264-013-2169-x

19. Choi JW, Lee JK, Moon KS, Hur H, Kim YS, Kim SH (2007)
Transdural approach for calcified central disc herniations of the
upper lumbar spine. Technical note. J Neurosurg Spine 7(3):370–
374. https://doi.org/10.3171/SPI-07/09/370

20. Tulloch I, Papadopoulos MC (2018) Giant central lumbar disc her-
niations: a case for the transdural approach. Ann R Coll Surg Engl
100(3):e53–e56. https://doi.org/10.1308/rcsann.2017.0218

21. Choi KC, Lee JH, Kim JS, Sabal LA, Lee S, KimH, Lee SH (2015)
Unsuccessful percutaneous endoscopic lumbar discectomy: a
single-center experience of 10,228 cases. Neurosurgery 76(4):

944 International Orthopaedics (SICOT) (2019) 43:939–945

https://doi.org/10.1097/01.brs.0000245955.22358.3a
https://doi.org/10.1097/01.brs.0000245955.22358.3a
https://doi.org/10.1007/s00264-016-3155-x
https://doi.org/10.1007/s00264-016-3155-x
https://doi.org/10.1007/s00264-015-2747-1
https://doi.org/10.14444/1026
https://doi.org/10.1586/17434440.2014.940314
https://doi.org/10.1586/17434440.2014.940314
https://doi.org/10.1016/j.jos.2017.10.015
https://doi.org/10.1016/j.jos.2017.10.015
https://doi.org/10.1016/j.clineuro.2016.02.008
https://doi.org/10.1016/j.clineuro.2016.02.008
https://doi.org/10.1227/NEU.0000000000000361
https://doi.org/10.1097/BRS.0b013e31817bfa1a
https://doi.org/10.7507/1002-1892.201705076
https://doi.org/10.2152/jmi.64.1
https://doi.org/10.1007/s00264-016-3177-4
https://doi.org/10.1007/s00264-016-3177-4
https://doi.org/10.1007/s13760-015-0530-0
https://doi.org/10.1007/s13760-015-0530-0
https://doi.org/10.1007/s00264-013-2169-x
https://doi.org/10.1007/s00264-013-2169-x
https://doi.org/10.3171/SPI-07/09/370
https://doi.org/10.1308/rcsann.2017.0218


372–380; discussion 380-371; quiz 381. https://doi.org/10.1227/
NEU.0000000000000628

22. Lee SH, Choi KC, Baek OK, KimHJ, Yoo SH (2014) Percutaneous
endoscopic intra-annular subligamentous herniotomy for large cen-
tral disc herniation: a technical case report. Spine (Phila Pa 1976)
3 9 ( 7 ) : E 4 7 3–E479 . h t t p s : / / d o i . o r g / 1 0 . 1 0 9 7 /BRS .
0000000000000239

23. Kang Q, Li X, Cheng Z, Liu C (2017) Effects of release and de-
compression techniques on nerve roots through percutaneous
transforaminal endoscopic discectomy on patients with central lum-
bar disc herniation. Exp Ther Med 13(6):2927–2933. https://doi.
org/10.3892/etm.2017.4293

24. HuaW, Tu J, Li S,WuX, Zhang Y, Gao Y, ZengX, Yang S, Yang C
(2018) Full-endoscopic discectomy via the interlaminar approach
for disc herniation at L4-L5 and L5-S1: an observational study.
Medicine (Baltimore) 97(17):e0585. https://doi.org/10.1097/MD.
0000000000010585

25. Kondo M, Oshima Y, Inoue H, Takano Y, Inanami H, Koga H
(2018) Significance and pitfalls of percutaneous endoscopic lumbar
discectomy for large central lumbar disc herniation. J Spine Surg
4(1):79–85. https://doi.org/10.21037/jss.2018.03.06

26. Cohen SP, Raja SN (2007) Pathogenesis, diagnosis, and treatment
of lumbar zygapophysial (facet) joint pain. Anesthesiology 106(3):
591–614

27. Ruetten S, Komp M, Merk H, Godolias G (2008) Full-endoscopic
interlaminar and transforaminal lumbar discectomy versus conven-
tional microsurgical technique: a prospective, randomized, con-
trolled study. Spine (Phila Pa 1976) 33(9):931–939. https://doi.
org/10.1097/BRS.0b013e31816c8af7

28. Zeng Z-L, Zhu R, Wu Y-C, Zuo W, Yu Y, Wang J-J, Cheng L-M
(2017) Research article effect of graded facetectomy on lumbar
biomechanics. J Healthc Eng:1–6. https://doi.org/10.1155/2017/
7981513

29. Tender GC, Kutz S, Baratta R, Voorhies RM (2005) Unilateral
progressive alterations in the lumbar spine: a biomechanical study.
J Neurosurg Spine 2(3):298–302. https://doi.org/10.3171/spi.2005.
2.3.0298

30. Abumi K, Panjabi MM, Kramer KM, Duranceau J, Oxland T,
Crisco JJ (1990) Biomechanical evaluation of lumbar spinal stabil-
ity after graded facetectomies. Spine 15(11):1142–1147

31. Jaumard NV, Welch WC, Winkelstein BA (2011) Spinal facet joint
biomechanics and mechanotransduction in normal, injury and de-
generative conditions. J Biomech Eng 133(7):071010–071031.
https://doi.org/10.1115/1.4004493

32. Osman SG, Nibu K, Panjabi MM, Marsolais EB, Chaudhary R
(1997) Transforaminal and posterior decompressions of the lumbar
spine. A comparative study of stability and intervertebral foramen
area. Spine 22(15):1690–1695

33. Jasper GP, Francisco GM, Telfeian AE (2013) Clinical success of
transforaminal endoscopic discectomy with foraminotomy: a retro-
spective evaluation. Clin Neurol Neurosurg 115(10):1961–1965.
https://doi.org/10.1016/j.clineuro.2013.05.033

34. Hoogland T, van den Brekel-Dijkstra K, Schubert M, Miklitz B
(2008) Endoscopic transforaminal discectomy for recurrent lumbar
disc herniation: a prospective, cohort evaluation of 262 consecutive
cases. Spine (Phila Pa 1976) 33(9):973–978. https://doi.org/10.
1097/BRS.0b013e31816c8ade

International Orthopaedics (SICOT) (2019) 43:939–945 945

https://doi.org/10.1227/NEU.0000000000000628
https://doi.org/10.1227/NEU.0000000000000628
https://doi.org/10.1097/BRS.0000000000000239
https://doi.org/10.1097/BRS.0000000000000239
https://doi.org/10.3892/etm.2017.4293
https://doi.org/10.3892/etm.2017.4293
https://doi.org/10.1097/MD.0000000000010585
https://doi.org/10.1097/MD.0000000000010585
https://doi.org/10.21037/jss.2018.03.06
https://doi.org/10.1097/BRS.0b013e31816c8af7
https://doi.org/10.1097/BRS.0b013e31816c8af7
https://doi.org/10.1155/2017/7981513
https://doi.org/10.1155/2017/7981513
https://doi.org/10.3171/spi.2005.2.3.0298
https://doi.org/10.3171/spi.2005.2.3.0298
https://doi.org/10.1115/1.4004493
https://doi.org/10.1016/j.clineuro.2013.05.033
https://doi.org/10.1097/BRS.0b013e31816c8ade
https://doi.org/10.1097/BRS.0b013e31816c8ade

	Outcomes of percutaneous endoscopic trans-articular discectomy for huge central or paracentral lumbar disc herniation
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Surgical tools
	Surgical technique

	Results
	Clinical outcomes
	Case presentation

	Discussion
	Conclusion
	References


