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 Background: This retrospective study aimed to investigate the risk factors associated with the recurrence of L5–S1 disc her-
niation after percutaneous endoscopic transforaminal discectomy (PETD).

 Material/Methods: There were 484 patients L5–S1 disc herniation who underwent PETD who were divided into the recurrence 
group (n=46) and the non-recurrence group (n=438). Transforaminal endoscopic approaches included modifi-
cations of the Yeung endoscopy spine system (YESS) (the intraforaminal intradiscal approach) and the trans-
foraminal endoscopic spine system (TESSYS) (intraforaminal extradiscal approach). Demographic and clinical 
characteristics and imaging data were analyzed. The two study groups were compared to determine the fac-
tors associated with the recurrence of L5–S1 disc herniation. The patients underwent postoperative follow-up 
for between one and four years.

 Results: At follow-up, 9.504% of patients (46/484) with the recurrence of L5–S1 disc herniation following PETD when 
compared with the non-recurrence group showed no significant difference for time to return to work, gender, 
history of diabetes mellitus, trauma, duration of symptoms, smoking and alcohol history, hypertension, location 
of disc herniation, transverse process length, intervertebral space height, and pelvic incidence angle (P>0.05). 
However, age, body mass index (BMI), the degree of disc degeneration, sagittal range of motion, lumbar lordo-
sis angle, and sacral slope were significantly associated with the recurrence of L5–S1 disc herniation following 
PETD (P<0.05). Logistic regression analysis supported these main associations.

 Conclusions: The recurrence of L5–S1 disc herniation following PETD was significantly associated with increased age and 
BMI, more severe disc degeneration, increased sagittal range of motion, increased lumbar lordosis, and sacral 
slope.
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Background

Percutaneous endoscopic lumbar discectomy (PELD) is a mini-
mally invasive procedure for lumbar disc space decompression 
and removal of the nucleus pulposus that uses a posterolat-
eral approach and is a technique increasingly used by spinal 
surgeons [1,2]. The PELD procedure has similar characteristics 
and therapeutic effects to traditional surgical treatments, but 
also has the advantages of a small incision, less blood loss, 
soft tissue injury, and fewer complications, with more rapid 
recovery and reduced surgical costs [3–5]. However, there has 
been some recent concern regarding postoperative complica-
tions as a result of the widespread use of PELD, with the re-
currence of disc herniation as the most common complication. 
Choi et al. [1] studied 10, 228 patients who underwent PELD 
with follow-up for12 years and found that 4.3% of the proce-
dures failed, mainly because of the recurrence of disc herniation.

Currently, there have been few studies on the risk factors as-
sociated with the recurrence of lumbar disc herniation after 
PELD, and there has been little in-depth analysis. In particu-
lar, the L5–S1 segment has special anatomical associations 
with the iliac crest, the oblique endplate, and the long trans-
verse process [6,7]. Unlike other segments, these anatomical 
structures may affect the adjacent L5–S1 intervertebral disc. 
The two types of PELD currently used include percutaneous en-
doscopic transforaminal discectomy (PETD) and percutaneous 
endoscopic interlaminar discectomy (PEID). There is an ongo-
ing debate regarding the most suitable PELD method for pa-
tients with L5–S1 disc herniation [8–11]. Currently, the choice 
of surgery is largely based on the experience of the surgeon.

Therefore, this retrospective study was conducted at a single 
center and aimed to investigate the risk factors associated 
with the recurrence of L5–S1 disc herniation after PETD. In this 
study, transforaminal endoscopic approaches for the surgical 
management of lumbar disc herniation included modifications 
of the Yeung endoscopy spine system (YESS) (the intraforam-
inal intradiscal approach) and the transforaminal endoscopic 
spine system (TESSYS) (intraforaminal extradiscal approach) 
techniques.

Material and Methods

Patients

This retrospective study included patients who were treat-
ed with percutaneous endoscopic transforaminal discectomy 
(PETD) for L5–S1 disc herniation from October 2014 to June 
2018. The surgeons who participated in the study were as-
sessed as having sufficient experience and competency in PETD. 
The patients underwent postoperative follow-up for between 

one and four years to identify patients with recurrent disc her-
niation. All procedures are carried out in compliance with the 
resolution of Helsinki. This study was approved by the Local 
Ethics Committee, and all patients provided written informed 
consent to participate in the study.

Study groups and clinical data

The study included 484 patients with L5–S1 disc herniation 
who underwent PETD. The patients were divided into the re-
currence group (n=46) and the non-recurrence group (n=438). 
Clinical and demographic data were recorded and the two 
groups were compared. The clinical data included age, gender, 
body mass index (BMI), duration of symptoms, duration of fol-
low-up, current tobacco and alcohol consumption, a history of 
hypertension, diabetes mellitus, trauma, the surgical procedure 
time, and time to return to work. Imaging parameters record-
ed included the location of disc herniation, intervertebral fora-
men, disc degeneration, ilium wing height, transverse process 
length, intervertebral space height, sagittal range of motion, 
lumbar lordosis angle, pelvic incidence angle, and sacral slope.

Study inclusion and exclusion criteria

The study inclusion criteria were disc herniation at L5–S1 lev-
el that was confirmed by magnetic resonance imaging (MRI) or 
computed tomography (CT), nerve root pain with a distribution 
that that conformed with imaging findings, pain reduction after 
surgery with no short-term recurrence (<3 month), and no stren-
uous exercise for three months after surgery. The exclusion cri-
teria included lumbar instability and spondylolisthesis on X-ray 
of the lumbar spine during hyperextension and hyperflexion, 
the slip distance between the L5–S1 of >3 mm, or a sagittal ro-
tation angle of >20° [12,13]. Patients were also excluded from 
the study if they had lumbar spondylolysis, lumbar scoliosis or 
kyphosis, who did not participate in follow-up, or who did not 
comply with the guidance of doctors postoperatively. Recurrent 
disc herniation was defined as the recurrence of the same pain 
as at the initial presentation, or MRI or CT imaging findings 
that confirmed recurrent disc herniation at the same segment.

Surgery using percutaneous endoscopic transforaminal 
discectomy (PETD) techniques

In this study, transforaminal endoscopic approaches for the 
surgical management of lumbar disc herniation included mod-
ifications of the Yeung endoscopy spine system (YESS) (the 
intraforaminal intradiscal approach) and the transforaminal 
endoscopic spine system (TESSYS) (intraforaminal extradiscal 
approach) techniques.

In the transforaminal endoscopic spine system (TESSYS) (intrafo-
raminal extradiscal approach), a working tunnel was first created 

e919888-2
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Yu C. et al.: 
Recurrent L5–S1 disc herniation after PETD

© Med Sci Monit, 2020; 26: e919888
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



from the foraminal annular window, and the nucleus pulposus 
fragments were removed, and the internal disc was [14–16]. 
The modified Yeung endoscopy spine system (YESS) (the intra-
foraminal intradiscal approach) involved retrograde resection of 
the herniated disc within the spinal canal and was performed 
intradiscally through the annulus defect, and selectively includ-
ed foraminal annular window fenestration [16–18].

The modified transforaminal endoscopic spine system 
(TESSYS) (intraforaminal extradiscal approach)

This surgical approach was chosen for patients with foraminal 
disc herniation and partial paramedian disc herniation, with or 
without spinal stenosis, for central disc herniation with inter-
vertebral foramen stenosis, and for free central disc herniation. 
In this surgical method for PETD, the patient was in the lateral 
recumbent position with the symptomatic leg upward. Local an-
esthesia was used and included 5 ml of ropivacaine and 20 ml 
of lidocaine in 20 ml of normal saline. The mobile C-arm fluoro-
scopic X-ray system (Siemens, Munich, Germany) was used for 
guidance during surgery. The iliac crest was used as a marker 
to locate the L5–S1 intervertebral space, and a straight line was 
drawn from the highest point of the iliac crest, perpendicular 
to the midline of the spinous process. The puncture point was 
marked on the skin, about 12 cm from the midline of the spi-
nous process, and the symptomatic side of the line. The angle 
between the guide puncture line and the anatomic level was 
between 25–30 degrees. Using the C-arm imaging window, the 
puncture needle reached the superior articular process of S1, 
and more local anesthesia was injected. The skin at the punc-
ture point was incised (0.5–0.8 mm), and a cannula was sited 
while the puncture needle was removed. The superior articu-
lar process of S1 was reduced with a trephine.

A transforaminal endoscope (Maxmorespine, Unterföhring, 
Bavaria, Germany) was sited outside the intervertebral disc and 
through the superior articular process of S1 to the lateral recess. 
Foraminoplasty was performed after identification of the nerve 
root and the important tissues around it, followed by the remov-
al of the nucleus pulposus that was pressing on the nerve root. 
Any surrounding adhesions and calcified tissue were removed. 
The annulotomy was performed selectively, and the clearance 
was assessed as successful when the color of the nerve roots 
changed from pale to pink under microscopy, the straight leg el-
evation test was negative, and the range of movement of nerve 
roots was 2–3 mm. The endoscope was removed, the drainage 
tube was sited, and the skin wound was sutured.

The modified Yeung endoscopy spine system (YESS) (the 
intraforaminal intradiscal approach)

This surgical approach was chosen for patients with contain-
able, central, and partial paramedian disc herniation, with or 

without foramen stenosis. The modified YESS procedure for 
PETD was identical to the TESSYS method and used the mobile 
C-arm fluoroscopic X-ray system (Siemens, Munich, Germany) 
for imaging during surgery but used different puncture angles. 
The puncture needles were sited using the Kambin’s triangle 
subpedicular approach. Discography was performed to confirm 
the location of the disc. The cannula was gradually expanded 
and the working cannula was finally sited. The annulus fibro-
sus was surgically opened to remove the disc, radiofrequency 
hemostasis and nucleus pulposus ablation (annulotomy) were 
performed. Selective laminoplasty was performed.

Definitions of the study parameters

The BMI was defined as the patient weight (kg)/height2 
(m2) [19]. The two main surgical procedures used for PETD in-
cluded foraminoplasty and annulotomy. Annulotomy was used 
to remove the nucleus pulposus and destroy the annulus fibro-
sus. The location of the disc herniation was central, paramedian, 
and foraminal. The Lee grading approach was used as the basis 
for the classification of the foramen size [20]. Intervertebral fo-
ramen stenosis was divided into four degrees based on sagit-
tal MRI: grade 0, none; grade 1, mild with perineural fat occlu-
sion in the vertical or lateral directions; grade 2, moderate with 
fat occlusion in all four directions, but without morphological 
change; grade 3, severe intervertebral foramen stenosis with 
nerve root collapse or morphological changes. Intervertebral 
disc degeneration was classified according to the Pfirrmann 
MRI classification [21]. The ilium wing height was the distance 
from the top of the iliac crest to the horizontal plane of the 
upper edge of the S1 endplate measured on X-ray (Figure 1). 
The transverse process length was the distance from the out-
er edge of the transverse process to the outer edge of the 
vertebral body measured on X-ray (Figure 2). The interverte-
bral space height was the anterior height of the intervertebral 
space between the anterior upper edge of S1 and the anteri-
or lower edge of L5. The posterior height of the intervertebral 
space was the distance from the posterior lower edge of S1 
to the upper posterior edge of L5. The average height of the 
intervertebral space was calculated as: (the anterior height of 
the intervertebral space+the posterior height of intervertebral 
space)/2 (Figure 3). The sagittal range of motion was the an-
gle (A) of the intervertebral space measured on the X-ray film 
in the lumbar hyperflexion position, and the angle (B) of the 
intervertebral space was measured on the X-ray film in the 
lumbar hyperextension position. The sagittal range of mo-
tion was the absolute value of angle A - angle B (Figures 4, 5). 
The lumbar lordosis angle was the angle between the verti-
cal line of the upper edge of L1 and the vertical line of the up-
per endplate of S1 (Figure 6) [22]. The pelvic incidence angle 
was the vertical line of the upper sacral endplate through the 
mid-point of the upper sacral endplate, with the straight line 
passing through the mid-point of the upper sacral endplate 
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Figure 1.  The ilium wing height. The ilium wing height is 
the distance from the top of the iliac crest to the 
horizontal plane of the upper edge of the S1 endplate 
measured on X-ray.

Figure 3.  Intervertebral space height. The intervertebral space 
height is the anterior height of the intervertebral 
space between the anterior upper edge of S1 and 
the anterior lower edge of L5. The average height of 
the intervertebral space is calculated as: (the anterior 
height of the intervertebral space+the posterior height 
of intervertebral space)/2.

Figure 2.  The transverse process length. The transverse process 
length is the distance from the outer edge of the 
transverse process to the outer edge of the vertebral 
body measured on X-ray.

Figure 4.  The sagittal range of motion. The sagittal range of 
motion is the angle (A) of the intervertebral space 
measured on the X-ray film in the lumbar hyperflexion 
position. The angle (B) of the intervertebral space 
is measured on the X-ray film in the lumbar 
hyperextension position. The sagittal range of motion 
is the absolute value of angle A–angle B.
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Figure 5.  The sagittal range of motion. The sagittal range of 
motion is the angle (A) of the intervertebral space 
measured on the X-ray film in the lumbar hyperflexion 
position. The angle (B) of the intervertebral space 
is measured on the X-ray film in the lumbar 
hyperextension position. The sagittal range of motion 
is the absolute value of angle A–angle B. Figure 7.  The pelvic incidence angle. The pelvic incidence 

angle is the vertical line of the upper sacral endplate 
through the mid-point of the upper sacral endplate, 
with the straight line passing through the mid-point 
of the upper sacral endplate and the center line of 
the bilateral femoral head. The pelvic incidence is the 
angle between the two lines.

Figure 8.  The sacral slope. The sacral slope is the angle between 
the plane of the S1 endplate and the horizontal plane.

Figure 6.  The lumbar lordosis angle. The lumbar lordosis angle is 
the angle between the vertical line of the upper edge 
of L1 and the vertical line of the upper endplate of S1.
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and the center line of the bilateral femoral head. The pelvic 
incidence is the angle between the two lines (Figure 7) [22]. 
The sacral slope was the angle between the plane of the S1 
endplate and the horizontal plane (Figure 8) [22]

Statistical analysis

The data were analyzed using SPSS version 17.0 software 
(IBM, Chicago, IL, USA). Measurement data were expressed as 
the mean±standard standard deviation (SD). Comparison be-
tween two groups was performed using the chi-squared (c2) 
test and Student’s t-test. The determination of the indepen-
dent risk factors of recurrent disc herniation was analyzed us-
ing the binary logistic regression analysis. P<0.05 was consid-
ered to indicate statistical significance.

Results

Patient data and surgical procedures

In this study, patients were treated with percutaneous endoscop-
ic transforaminal discectomy (PETD) for L5–S1 disc herniation. 
The transforaminal endoscopic approaches for the surgical man-
agement of lumbar disc herniation included modifications of the 
Yeung endoscopy spine system (YESS) (the intraforaminal intra-
discal approach) and the transforaminal endoscopic spine system 
(TESSYS) (intraforaminal extradiscal approach) techniques. A to-
tal of 506 patients with L5–S1 disc herniation underwent PETD.

There were initially 484 patients who were enrolled in the study 
but 22 patients were not followed-up, 212 patients had no in-
tervertebral foramen stenosis, and 272 patients had mild to 
severe intervertebral foramen stenosis (grade 1, 207; grade 2, 
59; and grade 3, 6). There were 319 patients who underwent 
the TESSYS with an intraforaminal extradiscal approach, and 
165 patients underwent the YESS with an intraforaminal in-
tradiscal approach. The surgical procedures included 171 cas-
es of foraminoplasty, 109 cases of annulotomy, and 204 cases 
of foraminoplasty and annulotomy. The symptoms of lumbar 
and leg pain were significantly reduced after surgery, and there 
was no increase in symptoms in the short term.

Comparison between the nonrecurrence group and the 
recurrence group

The nonrecurrence group (n=438) and recurrence group (n=46, 
9.504%) were compared. There was no significant difference 
between the two groups in the symptom duration, follow-up 
time, time to return to work, location of disc herniation, and 
the intervertebral foramen (P>0.05). Table 1 shows the patient 
data. The age of the patients ranged from 20–81 years (mean, 
48.242±9.677 years). The body mass index (BMI) ranged from 

15.54–32.28 kg/m2 (mean, 23.775±3.159 kg/m2), and the fol-
low-up time ranged from 1–4 years (mean, 1.847±0.673 years).

The 46 patients with recurrent symptoms of L5–S1 disc her-
niation after PETD had low back pain or increased radiation 
pain, which were consistent with the finding from magnet-
ic resonance imaging (MRI) or computed tomography (CT). 
The time to recurrence ranged from 1–4 years. The mean pa-
tient age was 52.978±6.962 years, and the mean BMI was 
25.576±2.987 kg/m2. There were 26 patients who received 
conservative treatment, 12 patients underwent repeat surgery, 
and eight patients underwent further treatment. From the pa-
tients who underwent repeat surgery, nine patients underwent 
traditional open surgery, two patients received percutaneous 
endoscopic interlaminar discectomy (PEID), and one patient 
received PETD. There were no recurrences during the follow-
up of patients after the second operation (Table 1).

Univariate analysis of the parameters of age, gender, body 
mass index (BMI), smoking and alcohol history, a history of 
hypertension, diabetes mellitus, trauma, surgery, disc degen-
eration, ilium wing height, transverse process length, interver-
tebral space height, sagittal range of motion, lumbar lordosis 
angle, pelvic incidence angle, and sacral slope showed that 
there was no significant difference between the two groups 
(P<0.05). Age, BMI, sagittal range of motion, lumbar lordosis 
angle, and sacral slope of the recurrence group was significant-
ly greater than the non-recurrence group. The grade of disc 
degeneration of the recurrence group was significantly great-
er than that of the non-recurrence group (Table 1)

Age, BMI, disc degeneration, sagittal range of motion, lumbar 
lordosis angle, and sacral slope were assigned values before 
logistic regression analysis, as shown in Table 2. The results of 
logistic regression analysis indicated that age, BMI, disc degen-
eration, sagittal range of motion, lumbar lordosis angle, and 
sacral slope were correlated with the recurrence of disc herni-
ation, as shown in Table 3. Age, BMI, disc degeneration, sag-
ittal range of motion, lumbar lordosis angle, and sacral slope 
are all risk factors for recurrence of disc herniation.

Discussion

The aim of this retrospective study, conducted at a single cen-
ter, was to investigate the risk factors associated with the recur-
rence of L5–S1 disc herniation after percutaneous endoscopic 
transforaminal discectomy (PETD). In this study, transforam-
inal endoscopic approaches for the surgical management of 
lumbar disc herniation included modifications of the Yeung 
endoscopy spine system (YESS) (the intraforaminal intradis-
cal approach) and the transforaminal endoscopic spine sys-
tem (TESSYS) (intraforaminal extradiscal approach) techniques.
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Non-recurrence group n=438 Recurrence group n=46

General data

Age (years) 47.744±9.793 52.978±6.962*

Gender

 Male/Female 229/209 25/21

Body mass index (BMI) (kg/m2) 23.585±3.120 25.576±2.987*

Symptom duration (months) 5.452±1.761 5.348±1.958

Follow-up (months) 1.858±0.675 1.739±0.648

Current smoking

 Yes/No 383/55 38/8

Alcohol

 Yes/No 282/156 32/14

Hypertension

 Yes/No 413/35 41/5

Diabetes mellitus

 Yes/No 410/28 42/4

Trauma history

 Yes/No 357/81 35/11

Surgical procedure

 Foraminoplasty 156 15

 Annulotomy 101 8

 Foraminoplasty and annulotomy 181 23

Time to return to work (months) 4.171±1.166 4.130±1.067

Imaging data

Location of disc herniation

 Foraminal 101 6

 Paramedian 237 27

 Central 100 13

Intervertebral foramen (grading)

 0/1/2/3 192/187/55/4 20/20/4/2

Disc degeneration

 I/II/III/IV 118/182/120/18 4/21/16/5*

Ilium wing height (cm) 3.544±0.605 3.647±0.531

Transverse process length (cm) 2.428±0.576 2.518±0.475

Intervertebral space height (cm) 1.156±0.433 1.062±0.452

Sagittal range of motion (°) 8.066±3.011 11.096±2.356*

Lumbar lordosis angle (°) 39.304±12.889 43.389±10.981*

Pelvic incidence angle (°) 46.671±10.963 47.440±11.325

Sacral slope (°) 29.083±7.320 34.087±7.187*

Table 1.  The demographic and clinical characteristics of the patients in the non-recurrence group and recurrence group for L5–S1 disc 
herniation after percutaneous endoscopic transforaminal discectomy (PETD).

* P<0.05.
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Disc herniation is the most common cause of low back pain 
and can seriously affect the quality of life for patients. Surgical 
treatment for disc herniation includes several approaches, 
including open lumbar microdiscectomy and micro-endoscopic 
discectomy [23–26]. Percutaneous endoscopic lumbar discecto-
my (PELD) is a minimally invasive procedure that has recently 
become popular, and the procedure was originally described 
in 1993 by Kambin [27]. In 2000, Yeung developed the intra-
foraminal intradiscal approach, now termed the Yeung endos-
copy spine system (YESS) [23–26].

Surgical discectomy may be associated with the recurrence 
of disc herniation. Despite its numerous advantages, the re-
currence of disc herniation after PETD is common. The recur-
rence rate of PELD in different studies conducted at different 
spinal levels is between 0–7.4% [1,8,10,30–32]. The L5–S1 ver-
tebral segment includes two structures, the lumbar spine and 
the sacral vertebra. The endplate of L5–S1 has a greater an-
gle of inclination relative to the horizontal plane, and there 
are nearby associated structures that include the pelvis and 
inferior transverse processes. However, there have been few 
previous studies on lumbar disc herniation after discectomy 

at the L5–S1 level. In the present study, the recurrence rate of 
the intervertebral disc herniation was 9.504%.

Kim et al. [32] conducted a follow-up of between 24–108 
months on patients following microendoscopic discectomy, and 
39 (8.351%) patients had recurrence of disc herniation. These 
findings support those of the present study. However, there 
may be different risk factors for recurrence following different 
types of surgical procedure, but the effects of PETD on recur-
rence of L5–S1 disc herniation has not been previously stud-
ied. The findings from the present study showed that lumbar 
spondylolisthesis often occurs at the L5–S1 level. This finding 
may indicate that the junction of the lumbar and sacral ver-
tebrae undergoes greater shear forces due to the inherently 
unique structures of the L5–S1 segment. This effect is likely to 
have an impact on disc herniation and recurrence. The instabil-
ity of the section increases after removal of the intervertebral 
disc, and this increases the imbalance of shear forces between 
the lumbar and sacral vertebrae. As a consequence, the risk 
of recurrence of disc herniation increases at the L5–S1 level. 
In this retrospective clinical study of 484 patients, the param-
eters that were found to be significantly associated with the 

 Factor Variable Assignment description

Age X1 <50.361=1; ³50.361=2 Average (47.744+52.978)/2=50.361

Body mass index (BMI) X2 <24.581=1; ³24.581=2 Average (23.585+25.576)/2=24.581

Disc degeneration X3 I=1; II=2; III=3; IV=4

Sagittal range of motion X4 <9.581=1; ³9.581=2 Average (8.066+11.096)/2=9.581

Lumbar lordosis angle X5 <41.347=1; ³41.347=2 Average (39.304+43.389)/2=41.347

Sacral slope X6 <31.585=1; ³31.585=2 Average (29.083+34.087)/2=31.585

Recurrence Y Yes=1; No=2

Table 2.  Assigned values of the parameters of age, body mass index (BMI), disc degeneration, sagittal range of motion, lumbar lordosis 
angle, and sacral slope before logistic regression analysis.

b SE Wald P-value OR
95% confidence interval (CI)

Low value High value

Age 0.908 0.355 6.535 0.011* 2.480 1.236 4.975

BMI 1.103 0.358 9.500 0.002* 3.013 1.494 6.075

Disc degeneration 0.584 0.209 7.779 0.005* 1.793 1.189 2.702

Sagittal range of motion 1.901 0.371 26.245 0.000* 6.694 3.234 13.855

Lumbar lordosis angle 0.876 0.348 6.326 0.012* 2.402 1.213 4.754

Sacral slope 0.955 0.349 7.489 0.006* 2.598 1.311 5.146

Constant –12.196 1.540 62.720 0.000* 0.000

Table 3.  Logistic regression analysis results of age, body mass index (BMI), disc degeneration, sagittal range of motion, lumbar lordosis 
angle, and sacral slope were correlated with the recurrence of disc herniation.

* P<0.05. OR – odds ratio; BMI – body mass index.
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recurrence of L5–S1 disc herniation following PETD included 
increased age, body mass index (BMI), disc degeneration, sag-
ittal range of motion, lumbar lordosis angle, and sacral slope.

The recurrence of disc herniation is more likely to recur with 
age, although this remains controversial [33]. It may be as-
sumed that the intervertebral disc slowly degenerates with age 
and has the tendency to deform more easily, which is a poten-
tial risk for the recurrence of disc herniation. Intervertebral disc 
degeneration involves the alteration of chemical and physi-
cal properties, and in the absence of trauma, the recurrence 
of disc herniation is significantly associated with disc degen-
eration. Also, healing in elderly patients after surgery can be 
impaired, and increased age may result in delayed healing of 
the annulus fibrosus. In the long-term, an incomplete fibrous 
annulus results in recurrence of disc herniation, as shown by 
previous studies [30,34–36]. In 2018, Wu et al. [37] showed 
that the age of more than 40 years was a predisposing factor 
for recurrence. In 1998, Cinotti et al. [38] found that male pa-
tients with significantly degenerated discs were at increased 
risk of recurrence of disc herniation after microdiscectomy. 
In 2017, Yao et al. [34] showed that elderly patients had sev-
eral factors that increased the incidence of recurrence. Further 
studies are needed to evaluate the factors associated with age 
and intervertebral disc degeneration.

In 2018, Suk et al. [39] studied the associations between percu-
taneous endoscopic lumbar reoperation for recurrent symptoms 
of sciatica and showed that both age and male gender were risk 
factors for the recurrence of disc herniation. Cinotti et al. [38] 
found that male patients with significant degenerative disc 
disease were more likely to have recurrent disc herniation af-
ter isolated injuries or unexpected events. Gender differenc-
es might be associated with the effects of differences in es-
trogen and androgen levels, but these effects may be small.

In 2005, Kara et al. [40] showed that there was no significant 
association between the recurrence of disc herniation and BMI. 
However, some studies have suggested that weight loss may 
reduce the burden on the disc [30,34]. BMI may have an effect 
on the biomechanical properties and morphology of the inter-
vertebral disc. The findings from the present study showed that 
the higher the BMI, the greater the risk of recurrence of disc 
herniation. An increased BMI may have a more significant ef-
fect when there is degenerative disc disease and also on post-
operative pressure that increases the deformation of the disc.

In the present study, the follow-up time in the two study groups 
was the same. Consistent with the findings from previous stud-
ies, the surgical learning curve had an impact on the therapeu-
tic effect of PETD [34,41,42]. Surgical experience is required 
to be able to identify and remove the nucleus pulposus, and 
other aspects of the surgery for PETD to reduce the rate of 

recurrence. The location of disc herniation affects the choice 
of surgical approach, and surgery affects the size of the post-
operative foramen. In the present study, there was no signifi-
cant difference between the two study groups in the position 
of disc herniation and the intervertebral foramen.

In 2013, Huang et al. [43] reported meta-analysis data on the 
risk factors associated with recurrent lumbar disc herniation 
and showed that more attention should be paid to the preven-
tion of recurrence after surgery in patients who were smok-
ers and those with diabetes mellitus. In 2015, Wang et al. [44] 
showed that patients with diabetes had an increased risk 
of PELD failure, particularly in the early stages of surgery. 
The present study investigated the association between re-
currence and smoking and alcohol use, hypertension, and di-
abetes, but did not identify these as significant risk factors. 
Following surgery, some patients make lifestyle changes that 
include weight loss, reduced smoking and reduced alcohol in-
take. However, long-term studies are needed to determine the 
effects of lifestyle, hypertension, and diabetes on recurrence 
following disc surgery.

Trauma is the cause of disc herniation in some patients. The an-
nulus fibrosus surrounds the nucleus pulposus that protects 
the integrity of the intervertebral disc. Trauma to the disc may 
result in rupture of the annulus fibrosus and protrusion of the 
nucleus pulposus. However, a previous history of trauma was 
not identified as a risk factor for recurrence following surgery 
in the present study. Although the annulus fibrosus is dam-
aged in trauma, the nucleus pulposus can be surrounded by 
the growth of scar tissue after surgery. The growth of scar tis-
sue contributes to the stability of the intervertebral space and 
can protect the nucleus pulposus.

This study included patients who underwent two types of PETD 
surgical approaches, the TESSYS intraforaminal extradiscal 
approach, and the YESS intraforaminal intradiscal approach. 
These surgical procedures were not separately evaluated in the 
risk assessment, as they included several procedures, such as 
foraminoplasty and annulotomy. According to the operative 
characteristics of the annulus fibrosus and facet joints, they 
were divided into categories of surgical procedure, as shown 
in Table 1. The annulus fibrosus is destroyed by surgery and 
then reconstructed. In 1994, Ethier et al. [45] found that annu-
lus fibrosus defects resulted in reduced strength, which could 
increase the risk of recurrence. Ahlgren et al. [46] showed that 
direct annulus fibrous incision repair had no positive effect on 
vertebral segment stability. In 2018, Qian et al. [47] showed 
that removing one-quarter of the superior articular had a par-
tial effect on the mechanical properties of the lumbar spine 
and in affecting its stability and that the removal of one-half 
or more would significantly destroy the stability of the lum-
bar spine. However, in 2013, Karakaşlı et al. [48] reported that 
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there were no biomechanical or clinical disadvantages associ-
ated with PETD. The findings from the present study showed 
that after annulotomy and laminoplasty, some tissues were 
damaged during surgery. These changes are gradual and do 
not significantly affect the pressure on the intervertebral disc. 
The L5–S1 segment is surrounded by ligaments and muscles 
that are adequate to withstand the increased pressure on the 
intervertebral disc caused by annulotomy and laminoplasty.

The L5–S1 segment has unique anatomical structures that in-
clude a large transverse process, sacrum, ilium, and strong lig-
aments. These anatomical structures may have a local biome-
chanical effect on the intervertebral disc. In 2015, Kim et al. [32] 
studied the biomechanical risk factors for the recurrence of 
L5–S1 disc herniation following micodiscectomy and found 
that the sagittal range of movement was associated with the 
recurrence of disc herniation. These findings were supported 
by those of the present study that showed that one of the risk 
factors for the recurrence of disc herniation, a large sagittal 
range of motion, was impaired. Ilium wing height, transverse 
process length, and intervertebral space height had no signif-
icant effect on recurrence, which might mean that they had 
little effect on the distribution of disc stress. Increased sagit-
tal range of motion indicates insufficient intervertebral space 
stability rather than increased disc pressure. Following sur-
gery, if the patient has increased lumbar activity, the balance 
of disc pressures may be disrupted. This pressure imbalance 
may be reduced by wearing a protective waist belt after sur-
gery to restrict the initial movement of intervertebral space 
and prevent the recurrence of disc herniation in patients with 
an increased sagittal range of motion.

In addition to the anatomical structures, the morphology of 
the spine and pelvis may have an overall biomechanical im-
pact on the recurrence of L5–S1 disc herniation. Previous stud-
ies have shown that the abnormalities in the spine and pelvis 
sagittal anatomy limit not only balance and posture, but are 
also closely linked to spinal disease [49,50]. Labelle et al. [51] 
showed that a large lumbar lordosis angle, pelvic incidence an-
gle, or sacral slope resulted in L5–S1 vertebral spondylolisthesis. 
Roussouly et al. [52] studied the cause of spondylolisthesis and 
showed that it might result in increased stress at the L5–S1 lev-
el from a large pelvic incidence angle and sacral slope. In 2011, 
Chaléat-Valayer et al. [50] found that patients with chronic low 
back pain had a significantly reduced lumbar lordosis angle, pel-
vic incidence angle, and sacral slope. Barrey et al. [53] showed 
that a small lumbar lordosis angle, pelvic incidence angle, and 
sacral slope were associated with disc degeneration. In 2017, 
Fei et al. [54] showed that the pelvic incidence angle was not 
significantly correlated with disc herniation in young patients.

In the present study, the lumbar lordosis angle, the pelvic inci-
dence angle, and the sacral slope were among the several spinal 

and pelvic parameters studied. These three criteria were ana-
lyzed, and the recurrence of disc herniation was significantly 
associated with a large lumbar lordosis angle or high sacral 
slope. For sagittal spine balance, normal spine-pelvic sagittal 
morphology may be essential, especially for the regulation of 
stress balances in the L5–S1 disc segment. Although it may be 
anticipated that long-term disc herniation results in straight-
ening of the physiological curvature of the lumbar spine, an 
increased lumbar lordosis angle may unidirectionally increase 
the forward spinal pressure. Also, a wide lumbar lordosis an-
gle creates increased mechanical stress on the posterior joint, 
especially on the posterior plane of the joint, which can exac-
erbate joint degeneration. An increased sacral slope suggests 
a more bent endplate and a change in the top-down stress 
from gravity and shear force. These factors contribute to the 
abnormally increased shear force on the L5–S1 segment, which 
disrupts the equilibrium of local stress and weakens interver-
tebral space stability. Although the underlying ligaments are 
sufficiently strong to support the strength of the lower lum-
bar spine, the L5–S1 segment is the most susceptible segment 
to spondylolysis, which also indicates that it bears large shear 
forces. Although Roussouly et al. [22] previously showed that 
the lumbar lordosis angle, pelvic incidence angle, and sacral 
slope were significantly correlated with spinal and pelvic pa-
rameters, the findings from the present study showed no effect 
of pelvic incidence angle on the recurrence of disc herniation.

This study had several limitations. This study included a small 
number of patients from a single surgical center, and the de-
mographic and clinical data obtained relied on the accuracy 
and availability of clinical records. Also, because this was a ret-
rospective study, it was difficult to conduct further research 
on some study parameters. Associations between some of the 
parameters, particularly the imaging, may have been missed 
due to the complex nature of the imaging data, which requires 
further study. Also, in this study, the postoperative follow-up 
time was relatively short, and the long-term recurrence rate 
remains to be studied further. Therefore, because this was a 
retrospective clinical study, conducted at a single center, and 
had a small study sample size, further large-scale prospective 
studies are required to compare the long-term outcome fol-
lowing different PETD procedures.

Conclusions

This study aimed to investigate the risk factors associated with 
the recurrence of L5–S1 disc herniation after percutaneous en-
doscopic transforaminal discectomy (PETD). The recurrence of 
L5–S1 disc herniation following PETD was significantly asso-
ciated with increased age and body mass index (BMI), more 
severe disc degeneration, increased sagittal range of motion, 
increased lumbar lordosis, and sacral slope.
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