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Abstract:    Objectives: This study aimed to compare the learning curves of percutaneous endoscopic lumbar 
discectomy (PELD) in a transforaminal approach at the L4/5 and L5/S1 levels. Methods: We retrospectively reviewed 
the first 60 cases at the L4/5 level (Group I) and the first 60 cases at the L5/S1 level (Group II) of PELD performed by 
one spine surgeon. The patients were divided into subgroups A, B, and C (Group I: A cases 1–20, B cases 21–40, C 
cases 41–60; Group II: A cases 1–20, B cases 21–40, C cases 41–60). Operation time was thoroughly analyzed. 
Results: Compared with the L4/5 level, the learning curve of transforaminal PELD at the L5/S1 level was flatter. The 
mean operation times of Groups IA, IB, and IC were (88.75±17.02), (67.75±6.16), and (64.85±7.82) min, respectively. 
There was a significant difference between Groups A and B (P<0.05), but no significant difference between Groups B 
and C (P=0.20). The mean operation times of Groups IIA, IIB, and IIC were (117.25±13.62), (109.50±11.20), and 
(92.15±11.94) min, respectively. There was no significant difference between Groups A and B (P=0.06), but there was 
a significant difference between Groups B and C (P<0.05). There were 6 cases of postoperative dysesthesia (POD) in 
Group I and 2 cases in Group IIA (P=0.27). There were 2 cases of residual disc in Group I, and 4 cases in Group II 
(P=0.67). There were 3 cases of recurrence in Group I, and 2 cases in Group II (P>0.05). Conclusions: Compared with 
the L5/S1 level, the learning curve of PELD in a transforaminal approach at the L4/5 level was steeper, suggesting that 
the L4/5 level might be easier to master after short-term professional training. 
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1  Introduction 
 

Lumbar disc herniation (LDH) is considered to 
be the most common reason for lumbar spinal surgery 
(Cheng et al., 2014), which often occurs at the L4/5 or 
L5/S1 level. Among lumbar surgery procedures, mi-
crodiscectomy is a practical technique to surgically 
manage LDH and results in favorable clinical out-

comes (Brouwer et al., 2015). However, micro-
discectomy often requires muscle retraction, bone 
resection of the lamina and facet joint, and dural sac 
and nerve retraction. This can cause muscular injury 
and scarring of the epidural space, which is regarded 
as the main post-discectomy problem (Bokov et al., 
2011). For decades, minimally invasive techniques 
have been widely used to minimize these disad-
vantages (Fan et al., 2015d). Percutaneous endo-
scopic lumbar discectomy (PELD) in a transforaminal 
approach has been validated as a potential alternative 
to microdiscectomy or open discectomy (Ahn, 2012; 
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Gibson et al., 2012). PELD has numerous advantages 
over open discectomy, such as the preservation of 
normal paraspinal structures, minimal postoperative 
pain, and low risk of epidural scarring and iatrogenic 
instability (Ahn et al., 2003; Lee D.Y. et al., 2006; 
2009; Lee S.H. et al., 2006). 

However, PELD poses challenges to surgeons 
and the difficulty of the approach is daunting to many 
potential users (Ruetten et al., 2007). Fortunately, the 
learning curve of the PELD technique can be man-
aged by standard training and eligible subject selec-
tion (Kafadar et al., 2006). Many studies have dis-
cussed different aspects of the learning curve of 
PELD (Lee and Lee, 2008; Wang B. et al., 2011; 
Chaichankul et al., 2012; Hsu et al., 2013; Wang H.  
et al., 2013). However, no papers have compared the 
learning curve of PELD in a transforaminal approach 
at the L4/5 and L5/S1 levels. In contrast to L4/5, the 
L5/S1 level presents unique anatomical limitations to 
the transforaminal approach, such as a high iliac crest, 
large facet joint, large L5 transverse process, nar-
rowed disc space, and narrow foramen (Mirkovic  
et al., 1995; Reulen et al., 1996). Due to these ana-
tomical limitations, the transforaminal approach for 
L5/S1 may be more difficult in some aspects, such as 
puncture and indwelling the channel. Therefore, we 
retrospectively reviewed our experience with PELD 
in transforaminal approach for the L4/5 and L5/S1 
levels to determine the learning curve for a single 
surgeon learning this technique. 

 
 

2  Materials and methods 

2.1  Patients and groupings 

This study was approved by the Human Re-
search Ethics Board of an affiliated Tenth People’s 
Hospital of Tongji University in Shanghai, China. We 
conducted a retrospective review of 120 medical 
records of those who had buttock and leg pain due to 
single-level disc herniation and underwent PELD by 
one surgeon in our department between June 2011 
and August 2013. Baseline characteristics for clinical 
information including age, gender, conservative 
treatment time, pain location, and follow-up were 
collected. The surgeon GU had more than ten-year 
experience of open spine surgery but no previous 
experience with percutaneous endoscopic procedures. 

Before attempting full-endoscopic discectomy, the 
surgeon practiced PELD on a cadaver and had one 
year of PELD training from surgeon HE. The surgeon 
GU then conducted PELD on patients with L4/5 LDH 
and L5/S1 LDH under the supervision of surgeon HE 
during the same period. Consent forms were obtained 
from the patients before the operation. The surgeon’s 
first 60 PELD cases of L4/5 LDH and first 60 PELD 
cases of L5/S1 LDH were included in the analysis. 
The two types of operation were conducted alternately 
during the same period. The patients were regarded as 
two groups (Group I: 60 patients of L4/5 LDH; Group 
II: 60 patients of L5/S1 LDH) and each group was 
subdivided into three subgroups, A, B, and C (Group I: 
A cases 1–20, B cases 21–40, C cases 41–60; Group 
II: A cases 1–20, B cases 21–40, C cases 41–60). 

2.2  Inclusion and exclusion criteria 

Inclusion criteria for the study were paracentral 
LDH, central LDH, foraminal LDH, or combinations 
of two or three of these conditions. Patients assigned 
to Group I were: (1) patients complaining of low back 
pain with lower limb pain or numbness, especially in 
the area of the anterolateral crus; (2) examination 
showed a positive response to a straight-leg raising 
test (<60°) and an augmentation test, and hypoesthe-
sia and decreased muscle force in the legs; (3) mag-
netic resonance imaging (MRI)/computed tomogra-
phy (CT) confirmed disc herniation and nerve com-
pression. Patients assigned to Group II had the same 
inclusion criteria as those assigned to Group I except 
that the pain or numbness was mainly in the area of 
the posterior crus. 

Exclusion criteria were: (1) symptoms and ra-
diography assessments did not meet the abovemen-
tioned criteria; (2) CT scans confirmed evident disc 
calcification; (3) previous surgery history for seg-
mental lesions; (4) dynamic imaging X-ray indicated 
lumbar spinal instability; (5) extraforaminal disc 
herniation; (6) sacralization in L5/S1 disc herniation; 
(7) cases with concomitant disc herniations at L4/5 
and L5/S1. 

2.3  Surgical technique 

The patients were asked to lie on the operating 
table and all received local anesthesia. They were 
routinely informed about all PELD procedures. 
Communication between the surgeon and patients 
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was maintained intraoperatively. Biplane fluoroscopy 
was used. Depending on the patient’s weight, gender, 
and surgical level, the entry point was selected 12– 
16 cm from the midline at the L5/S1 level, and 11–14 cm 
from the midline at the L4/5 level (Fig. 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
For L4/5 level LDH patients, transforaminal 

PELD was conducted according to the standard pro-
cedure described by Ruetten et al. (2007). After local 
anesthetics at the entry point, an 18-gauge needle was 
inserted posterolaterally under intraoperative fluoro-
scopic guidance and aimed at the desired foramen. 
Then, a guidewire was inserted through the needle 
into the target foramen and the needle was removed. 
Over the guidewire, an incision of 8 mm was made, 
and stepwise dilatation tubes were put in place. Then, 
a cannulated dilator was inserted and the guidewire 
was removed. A working channel was directly placed 
in the herniation spot. Next, an endoscope was placed 
through the working channel. The extruding disc was 
removed using endoscopic forceps and radio fre-
quency. The nerve root was regarded as free and 
mobile when we frequently stopped and opened sa-
line infusion. After the herniated disc was completely 
removed, the endoscope and cannula were withdrawn, 
and the skin was closed with one stitch. For patients 
with L4/5 lumbar foraminal stenosis or L5/S1 LDH, 
the PELD was performed according to the standard 
procedure described by Hoogland et al. (2008). Pre-
operative location and anesthesia were conducted 
according to the procedure described by Ruetten et al. 
(2007). 

2.4  Observational outcomes 

Operation time, duration of hospital stay, 
one-year recurrence rate, postoperative complications, 

Oswestry disability index (ODI), and the visual ana-
logue scale (VAS) were recorded and analyzed. 

2.5  Statistical analysis 

The analysis of variance (ANOVA) test, Chi- 
square test, Kruskal-Wallis test, Wilcoxon rank sum 
test, and Fisher’s exact test were used to compare the 
differences in each parameter between the two groups. 
All analyses were performed using SPSS Version 19.0 
with P<0.05 as the significance level. 

 
 

3  Results 
 
A total of 120 patients were included in our 

study, namely 60 with L4/5 LDH and another 60 with 
L5/S1 LDH. There were 24 males and 36 females in 
Group I with an average age of (39.48±11.57) years. 
There were 32 males and 28 females in Group II with 
an average age of (41.03±13.82) years. The con-
servative treatment time was (4.82±2.43) months for 
Group I and (4.50±2.02) months for Group II. All 
patients were followed up without loss for at least 12 
months via phone or outpatient rechecks. No signifi-
cant differences in age, gender, conservative treat-
ment time, follow-up, or pain location were identified 
(Table 1). The mean hospital stay was (1.53±0.77) d 
for Group I and (1.60±0.79) d for Group II (P=0.64). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1  Baseline charateristics of included patients with 
single level lumbar disc herniation 
 

Variables 
Group I 
(L4/5) 

Group II 
(L5/S1) 

Mean age (year) 39.48±11.57 41.03±13.82

Gender   

Male 24 32 

Female 36 28 
Conservative treatment time 

(month) 
4.82±2.43 

 
4.50±2.02

 
Pain location   

Leg pain 32 36 

Back pain 28 24 

Postoperative complications   

Dysesthesia 6/60 2/60 

Disc residue 2/60 4/60 

One-year recurrence 4/60 3/60 

Hospital stay (d) 1.53±0.77 1.60±0.79

Follow-up (month) 16.2±3.3 15.6±2.5 
The values are expressed as mean±standard deviation (SD) or 
number of patients 

Fig. 1  Comparative traces of the cannula in cases with
L4/5 and L5/S1 disc herniations 
(a) Lateral view; (b) Posterior view 

11–14 cm 

12–16 cm 

(a) (b) 
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The mean operation times of Groups IA, IB, and 
IC were (88.75±17.02), (67.75±6.16), and (64.85± 
7.82) min, respectively (Table 2). The operation time 
of Group IA was significantly different from those of 
Groups IB and IC (P<0.05), but there was no signif-
icant difference between the operation times of 
Groups IB and IC (P=0.20). The mean operation 
times of Groups IIA, IIB, and IIC were (117.25±13.62), 
(109.50±11.20), and (92.15±11.94) min, respectively. 
No significant difference was detected between the 
operation times of Groups IIA and IIB (P=0.06). 
However, a significant difference was observed be-
tween Groups IIB and IIC (P<0.05). Compared with 
L5/S1, the learning curve of PELD in transforaminal 
approach at L4/5 level was steeper (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
The preoperative and one-year postoperative 

back pain VAS measurements were 6.03±1.07 and 
1.20±0.95, respectively (P<0.01) for Group I, and 
6.33±1.13 and 1.35±0.85, respectively (P<0.01) for 
Group II (Table 3). The preoperative and one-year 
postoperative leg pain VAS measurements were 
5.97±1.18 and 1.08±0.98, respectively (P<0.01) for 
Group I, and 6.33±1.28 and 1.53±1.00, respectively 
(P<0.01) for Group II. The preoperative and postop-
erative one-year ODI scores were 33.67±5.55 and 
7.30±2.48, respectively (P<0.01) for Group I and 
32.17±4.87 and 6.27±2.39, respectively (P<0.01) for 
Group II. 

In Group I, all 60 patients underwent PELD 
without transfer to microendoscopic discectomy 
(MED) or microdiscectomy, but two of the 60 pa-
tients in Group II were transferred to MED due to a 
difficult puncture or channel indwelling. There were 
six cases (10%) of postoperative dysesthesia (POD) 
in Group I, four in Group IA and two in Group IB. 
Among these six cases, four patients complained of 
POD on the anterolateral crus and interior thigh due to 
L4 root injury, which improved one week after the 
surgery; one patient suffered from drop foot due to L5 
injury, but dorsal hallux force improved from Grade II 
to Grade IV three months after the operation; one 
patient complained of residual numbness 12 months 
after the operation. There were two cases (3.3%) of 
POD in Group IIA after the operation: one patient  
 

 
 
 
 
 
 
 
 

Table 2  Operation time of percutaneous endoscopic 
lumbar discectomy in transforaminal approach 

Patient (group)
Operation time (min) 

Group I Group II 

1‒20 (A) 88.75±17.023 117.25±13.62 

21‒40 (B) 67.75±6.163 109.50±11.20 

41‒60 (C) 64.85±7.815 92.15±11.94 

The values are expressed as mean±standard deviation (SD) 

 

Fig. 2  Learning curves of percutaneous endoscopic lum-
bar discectomy in the transforaminal approach 
(a) L4/5 level; (b) L5/S1 level 
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Table 3  Visual analogue scale (VAS) and Oswestry disability index (ODI) after percutaneous endoscopic lumbar 
discectomy in transforaminal approach 

Time 
Back VAS Leg VAS ODI 

Group I Group II Group I Group II Group I Group II 

Preoperative  6.03±1.07 6.33±1.13 5.97±1.18 6.33±1.28 33.67±5.55 32.17±4.87 

Postoperative  1.20±0.95 1.35±0.85 1.08±0.98 1.53±1.00 7.30±2.48 6.27±2.39 

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

The values are expressed as mean±standard deviation (SD), n=60 
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complained of postoperative hyperesthesia on the 
lateral thigh, but the symptoms were relieved two 
weeks later; the other complained of residual numb-
ness 12 months later. 

There were two cases (3.3%) of symptomatic 
residual disc in Group I, one in Group IA and one in 
Group IB. One of these patients received MED to 
clear the disc residue and achieved complete relief; 
the other received conservative treatment and ob-
tained symptom relief three months after the opera-
tion. There were four cases (6.7%) of residual disc in 
Group II, three in Group IIA, and one in Group IIB. 
Two received MED to clear disc residue, one received 
fusion surgery and achieved complete relief, and one 
received conservative treatment, and symptoms were 
relieved one month after the operation. There were 
three cases with recurrence in Group I, and two in 
Group II. The mean time of recurrence was 6.4 
months. Two cases received conservative treatment 
with partial relief, and the other three received fusion 
surgery. There were no significant differences in 
complication rate or recurrence rate between the two 
groups (P>0.05). 

 
 

4  Discussion 
 
The clinical efficacy of PELD has been con-

firmed by many studies (Hoogland et al., 2008; 
Nellensteijn et al., 2010; Jasper et al., 2013), but 
learning curve evaluation is essential in this regard 
(Benzel and Orr, 2011). To the best of our knowledge, 
this is the first study to compare the learning curves of 
PELD in a transforaminal approach at the L4/5 and 
L5/S1 levels. Our study confirmed the hypothesis that 
PELD in a transforaminal approach was more diffi-
cult to learn at the L5/S1 level than at the L4/5 level.  

The learning curve is defined as a graphic in-
terpretation of the theory that more experience is 
accumulated, the more a task is repeated (Benzel and 
Orr, 2011). The aim of our investigation of PELD was 
to explore how many cases should be performed to 
master the technique. Lee and Lee (2008) reported 
their first 51 consecutive PELD cases and found that 
the learning curve seemed to be acceptable with 
standard training. However, Hsu et al. (2013) com-
pared the learning curve of a transforaminal approach 
with that of an interlaminar approach for a single 

surgeon learning this technique. They demonstrated 
that the learning curve of the transforaminal approach 
was steep while that of the interlaminar approach was 
flat, which indicated that the transforaminal approach 
was easier to learn than the interlaminar approach. In 
addition, Wang et al. (2013) found that the training 
level of minimally invasive spine surgery played a 
role in increasing the rate of learning. In our study, the 
learning curve of transforaminal PELD at the L5/S1 
level was shallower than that at the L4/5 level (Fig. 1). 
Specifically, significant differences were observed 
when the operation time of Group IA was compared 
with Groups IB and IC, but no significant differences 
were detected between Groups IB and IC. No signif-
icant differences were observed when the operation 
time of Group IIA was compared with that of Group 
IIB. However, significant differences in operation 
time were observed between Groups IIA and IIC, and 
similarly, between Groups IIB and IIC. These find-
ings indicated that the surgeon had mastered the 
technical skills of L4/5 transforaminal PELD during 
the first 20 cases, but had to work through 40 cases of 
L5/S1 to shorten the operation time and minimize the 
complications. These differences can be explained by 
the surgical procedure of transforaminal PELD. At 
the L4/5 level, the puncture and channel indwelling is 
relatively simple because there are no problems with 
the iliac crest or transverse process. At the L5/S1 level, 
however, the unique anatomy of a high iliac crest, 
large facet joint, large L5 transverse process, nar-
rowed disc space, and narrow foramen complicates 
the process of puncture and channel indwelling. Thus, 
it will take a long time for beginners to master the 
transforaminal PELD at the L5/S1 level. 

The rapid spread of PELD has been limited by 
difficult puncture, potential damage to neural and 
vascular structures, abdominal organs and reoperation 
of the surgery. In our study, there were two cases 
intended to receive transforaminal PELD at L5/S1 
level, which were transferred to MED due to difficult 
puncture and channel indwelling. The rate of nerve 
injury has been reported to vary from 1.0% to 8.9% 
(Sairyo et al., 2014). Although exiting root injury is 
not a life-threatening complication, patients cannot 
return to their daily life rapidly. In our study, the 
occurrence of POD was 10% in Group I, and 3.3% in 
Group II. The difference might be correlated with the 
anatomical features. Our previous study found that 
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the exit root at the L4/5 level has a steeper slope than 
that at the L5/S1 level, and the distance between the 
exit root and the posterior disc is shorter (Gu et al., 
2013; Guan et al., 2015). This anatomical difference 
might lead to a higher risk of compression of the 
working channel at the L4/5 exit, which would injure 
the dorsal root ganglia and increase the rate of oc-
currence of POD. Postoperative intervertebral disc 
residue is another common complication of PELD. In 
our study, there were six cases of disc residue con-
firmed by MRI, two in Group I and four in Group II. 
This difference may also be explained by the special 
anatomy of L5/S1. At the L5/S1 level, the puncture 
and locating were complicated by a high iliac crest 
and large L5 transverse process. As a result, when the 
puncture location was inappropriate, the herniated 
disc could not be exposed adequately in the working 
channel. Furthermore, the L5/S1 nerve root was not 
exposed adequately and may have adhered to the disc, 
resulting in inadequate disc separation. Finally, the 
recurrence of PELD should also be noted. Choi et al. 
(2015) found 78 patients with recurrence in 10 288 
PELD cases (0.8%), which was lower than the num-
bers we found (4/60 and 3/60). This difference might 
be explained by unskilled performance of trans-
foraminal PELD at the start of our study. Our study 
also indicated that the operation section did not cor-
relate with the recurrence rate, which was thought to 
be correlated with age, body mass index, protrusion 
and Modic change (Kim et al., 2007). 

The reasons that PELD is difficult to learn can be 
explained as follows. PELD in a transforaminal ap-
proach is a novel technique. Spine surgeons are fa-
miliar with the posterior anatomy because they have 
performed posterior surgery for decades. For a pos-
terolateral approach, however, the anatomical struc-
ture of the intervertebral foramen is strange to them, 
so it is understandable that it may take more time to 
master this novel technique. Additionally, some as-
pects of the transforaminal approach for L5/S1 may be 
more difficult to learn, such as the puncture and in-
dwelling the working channel, with high postoperative 
complication rates and longer operation time. This may 
cause new learners to give up halfway. In our view, 
there are two solutions to overcoming difficulties in 
learning PELD in a transforaminal approach, in addi-
tion to practicing on cadavers and receiving demon-
stration teaching from senior surgeons. Firstly, it 

would be very beneficial to use our HE’s lumbar loca-
tion (HELLO) system to guide the puncture. This sys-
tem has been shown to reduce the puncture time and 
minimize radiation exposure (Fan et al., 2015a; 2015b; 
2015c). Lastly, it has been widely accepted that 
foraminoplasty may be conducted during transforam-
inal PELD. This would be very helpful because the 
enlargement of intervertebral foramen will allow the 
working channel to optimize the location. 

This retrospective study had some limitations. 
Firstly, there might be a potential mutual impact on 
the learning process between the L4/5 and L5/S1 
levels. However, this inherent limitation could not be 
avoided as we aimed to compare the learning curves 
of transforaminal PELD at the L4/5 and L5/S1 levels 
by one surgeon. Secondly, the study sample was rel-
atively small, but we considered that the first 120 
PELD cases in the transforaminal approach would be 
adequate to clarify the issue. Lastly, the hospital stay 
was a little longer than those receiving PELD in 
American or European countries. This was because in 
China this technique is not classified as outpatient 
surgery. In the future, we may conduct a prospective 
study to compare cases of upper LDH with cases of 
lower LDH. The upper lumbar is between the lower 
thoracic vertebrae and the lower lumbar, which is an 
area between kyphosis and lordosis (Kim et al., 2010). 
As a result, the space between the dura and disc is 
narrow, and the root is short and near the lumbosacral 
enlargement (Sanderson et al., 2004). Due to these 
anatomical features, transforaminal PELD is a tech-
nical challenge with a higher risk of nerve injury and a 
lower success rate. Therefore, it would be interesting 
to investigate the learning curve of PELD at the upper 
lumbar level. 

 
 

5  Conclusions 
 

The learning curve of PELD in the transforam-
inal approach was steeper and easier to master at the 
L4/5 level than at the L5/S1 level. Professional 
training is essential for junior surgeons to master 
transforaminal PELD. 
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中文概要 
 
题 目：经皮椎间孔镜治疗腰 4/5 和腰 5 骶 1 椎间盘突出

症学习曲线的比较研究 

目 的：探讨经皮椎间孔镜技术治疗腰 4/5 和腰 5 骶 1 椎

间盘突出症学习曲线之间的差异。 

创新点：本文第一次比较了经皮椎间孔镜治疗腰 4/5 和腰

5/骶 1 椎间盘突出症的学习曲线，得出经皮椎间

孔镜治疗腰 4/5 椎间盘突出症的学习曲线更加陡

峭，经过专业化培训更加容易掌握，为初学者提

供了指导方向。 

方 法：回顾性分析 2011 年 6 月至 2013 年 8 月于上海市

第十人民医院行经皮椎间孔镜治疗的 120 例腰

4/5和腰5骶1椎间盘突出症患者的临床资料。120

例患者由同一术者实行手术操作，根据突出节段

不同分为两组：腰 4/5 组（组 I）60 例和腰 5 骶 1

组（组 II）60例。每组又分成三个亚组：组 IA 1~20、

IB 21~40、IC 41~60；组 IIA 1~20、IIB 21~40、

IIC 41~60。分别记录每位患者的手术时间。 

结 论：实验结果显示：组 IA、IB、IC 平均手术时间 

分 别 为 (88.75±17.02) 、 (67.75±6.16) 和 (64.85± 

7.82) min，组 IA 与组 IB 之间的差异有统计学意

义，组 IB 与组 IC 之间的差异无统计学意义；组

IIA、IIB、IIC 平均手术时间分别为(117.25±13.62)、

(109.50±11.20)和(92.15±11.94) min，组 IIA 与组 IIB

之间的差异无统计学意义，组 IIB 与组 IIC 之间

的差异有统计学意义。术后 8 例患者出现术后感

觉减退（POD），其中组 I 有 6 例，组 II 有 2 例。

术后磁共振成像（MRI）检查有 6 例患者有椎间

盘残留，其中组 I 有 2 例，组 II 有 4 例。术后随

访 5 例患者复发，其中组 I 有 3 例，组 II 有 2 例，

但差异无统计学意义。与腰 5 骶 1 学习曲线相比，

经皮椎间孔镜治疗腰 4/5 椎间盘突出的学习曲线

更加陡峭，经过专业化培训更加容易掌握。 

关键词：学习曲线；经皮；椎间孔镜；腰椎间盘突出 


