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Earlier or heavier spinal loading is more 
likely to lead to recurrent lumbar disc herniation 
after percutaneous endoscopic lumbar 
discectomy
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Abstract 

Purpose: To evaluate the clinical features of and risk factors for recurrent lumbar disc herniation (rLDH) after percuta-
neous endoscopic lumbar discectomy (PELD) in our clinical practice.

Methods: A total of 942 consecutive patients who underwent single-level PELD from January 2013 to August 2019 
were included. Patients were divided into the recurrence group and the nonrecurrence group. Patient characteristics, 
radiographic parameters and surgical variables were compared between the two groups. Univariate analysis and 
multiple logistic regression analysis were adopted to determine the risk factors for recurrence after PELD.

Results: The prevalence of rLDH was 6.05%. Age, sex, tobacco use, duration of low back pain, body mass index 
(BMI), occupational lifting, herniated disc type, facet joint degeneration, operation time and time to ambulation were 
significantly different between the two groups. Univariate analysis showed that age (P < 0.001), sex (P = 0.019), BMI 
(P = 0.001), current smoking (P < 0.001), occupational lifting (P < 0.001), facet joint degeneration (P = 0.001), operation 
time (P = 0.002), and time to ambulation (P < 0.001) could be significantly associated with the incidence of rLDH after 
PELD. Multivariate analysis suggested that an older age (P < 0.001), the male sex (P = 0.017), a high BMI (P < 0.001), 
heavy work (P = 0.003), grade II facet joint degeneration (P < 0.001) and early ambulation (P < 0.001) were significantly 
related to rLDH after PELD.

Conclusions: An older age, the male sex, a higher BMI, heavy work, grade II facet joint degeneration, and early ambu-
lation are independent significant risk factors for rLDH after PELD. Great importance should be attached to these risk 
factors to prevent rLDH. We suggest that patients control their weight, avoid heavy work, ambulate at an appropriate 
time, and perform strengthening rehabilitation exercises to reduce the incidence of rLDH.

Keywords: Percutaneous endoscopic discectomy, Lumbar disc herniation, Recurrence, Risk factor

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Lumbar disc herniation (LDH) is one of the most com-
mon spinal degenerative diseases, presenting as symp-
toms of persistent lower back pain and/or sciatica. 
More than 90% of patients with LDH improve with con-
servative treatment [1]. Spine surgeons often recom-
mend surgical treatment for patients with LDH when 
standard conservative treatment fails. Compared with 
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conservative treatment, surgical management is a more 
effective method for alleviating pain and improving 
physical functions [2]. Lumbar discectomy is the “gold 
standard” for the treatment of LDH. With the improve-
ment of less-invasive surgical techniques, open lumbar 
discectomy is no longer the only choice for the treatment 
of LDH.

Percutaneous endoscopic lumbar discectomy (PELD), 
as a minimally invasive technique, has been widely used 
in the treatment of LDH in our country. PELD yields 
clinical outcomes similar to those of microdiscectomy/
open discectomy [2]. Meanwhile, PELD has the potential 
advantages of less blood loss, faster recovery of physical 
function, a shorter hospital stay, quicker pain relief and 
fewer complications [3, 4]. With the popularity of the 
PELD procedure, an increasing number of surgical com-
plications have been reported, such as postoperative dys-
esthesia, nerve root injury, dural tears and recurrence [5].

Recurrent lumbar disc herniation (rLDH) after PELD 
is one of the most concerning complications for spine 
surgeons and is the most important factor affecting the 
surgical outcome. The literature indicates that the inci-
dence of rLDH ranges between 0 and 11% [6–8]. Due to 
dural adhesion and scar formation, reoperation carries 
greater potential risks. Meanwhile, secondary surgery 
causes additional physical trauma for patients and leads 
to greater financial burdens on families and society. Thus, 
it is very important to explore risk factors for rLDH to 
prevent recurrence. Numerous studies have found that 
rLDH is caused by a variety of risk factors, including age, 
obesity, smoking, the experience of the surgeon, and the 
location of herniation [7–9]. However, previous stud-
ies have not been able to reach a consistent conclusion. 
Based on previous studies and our clinical experience, we 
further evaluated the risk factors for rLDH after PELD.

Materials and methods
This was a retrospective study of consecutive patients 
over 18  years who underwent single-level PELD at two 
institutes (Shanghai Changhai Hospital of Naval Medical 
University and Tenth Affiliated Hospital of Tongji Medi-
cal University) from January 2013 to August 2019. The 
inclusion criteria were as follows: 1) lower back pain with 
radiation to the leg in a distribution corresponding to 
root compression on magnetic resonance imaging (MRI); 
2) failure of 6 months of conservative treatment; 3) relief 
of leg pain immediately after PELD; 4) postoperative 
MRI showing complete removal of the herniated disc; 
5) recurrence of the same symptoms as before the first 
operation; 6) disc herniation at the same level confirmed 
on MRI; and 7) 1-year follow-up data. The exclusion 
criteria included surgical site infection, central steno-
sis, lumbar instability, spondylolisthesis, acute trauma, 

history of previous spinal surgery and spinal metastasis 
in the involved segments. The study was approved by the 
clinical research ethics committee of our hospitals.

Clinical and radiographic assessment
We investigated the patients’ demographic parameters, 
such as age, sex, and body mass index (BMI); comor-
bidities, such as diabetes mellitus; smoking and drinking 
status; occupational lifting; symptoms, such as the preop-
erative duration of low back pain, preoperative duration 
of leg pain, and preoperative visual analogue scale (VAS) 
score; surgical procedural details, such as the operation 
time, operative segment, and surgical approach; and 
preoperative radiographic parameters, such as the her-
niation type, degree of disc degeneration, grade of facet 
degeneration, facet orientation (FO), and facet tropism 
(FT).

The degree of disc degeneration was assessed on 
T2-weighted sagittal sequences according to the modi-
fied Pfirrmann criteria [10]. The grade of facet joint 
degeneration was evaluated on axial T2-weighted MRI 
according to the system described by Weishaupt et  al. 
[11]: grade 0, normal; grade 1, mild degenerative dis-
ease; grade 2, moderate degenerative disease; and grade 
3, severe degenerative disease. The facet joint angle (FO 
and FT) was measured on axial computed tomography 
images using bone windows and the method described 
by Li et al. [12].

All parameters were evaluated by two independ-
ent researchers. An experienced surgeon calibrated the 
parameters when two researchers disagreed with the 
data.

Statistical analysis
Statistical analysis was performed utilizing SPSS statisti-
cal software 19.0 (Chicago, IL, USA). Clinical and radio-
graphic parameters were compared by unpaired t test and 
Mann–Whitney U test when appropriate. Categorical 
variables were analysed by Chi-squared test. Univariate 
and multiple logistic regression analyses were adopted 
to identify risk factors for rLDH. P < 0.05 was considered 
statistically significant.

Results
A total of 942 patients who were surgically treated at 
two institutes for LDH were identified retrospectively. 
A total of 837 patients were treated with percutaneous 
transforaminal endoscopic discectomy (PTED), while 
105 patients were treated with percutaneous interlaminar 
endoscopic discectomy (PIED). There were 57 patients in 
the recurrence group, including 39 males and 18 females, 
with a mean age of 56.7 ± 8.7  years. The number of 
patients with recurrence in the first week, the first week 
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to the first month, the first month to the third month, 
the third month to the sixth month, and the sixth month 
to the first year after minimally invasive surgery was 3, 
22, 18, 9 and 5, respectively. There were 885 patients in 
the nonrecurrence group, including 462 males and 423 
females, with a mean age of 41.2 ± 11.4 years. There was a 
significant difference in age, sex, tobacco use, duration of 
low back pain, BMI, occupational lifting, herniated disc 
type, facet joint degeneration, operation time and time 
to ambulation (the beginning of a long period of upright 
activity, aside from necessary eating or defecating in the 
early stage), between the two groups (Fig. 1; Table 1).

The results of the univariate logistic regression analy-
sis of relevant clinical parameters (age, sex, BMI, tobacco 
use, duration of low back pain, occupational lifting, her-
niated disc type, facet joint degeneration, operation time, 
and time to ambulation) are summarized in Table 2. The 
results showed that age (P < 0.001), sex (P = 0.019), BMI 
(P = 0.001), current smoking (P < 0.001), occupational lift-
ing (P < 0.001), facet joint degeneration (P = 0.001), oper-
ation time (P = 0.002), and time to ambulation (P < 0.001) 
were significantly associated with the incidence of rLDH. 
The herniated disc type was not found to be a risk factor 
for predicting recurrence after PELD (Table 2).

In the univariate analysis, age, sex, BMI, current 
smoking, occupational lifting, facet joint degeneration, 
operation time, and time to ambulation were potential 
risk factors for recurrence after PELD. Therefore, these 
potential risk factors were analysed using the multivariate 
Cox regression model (Table 3). Multiple logistic regres-
sion analysis showed that an older age (P < 0.001), the 
male sex (P = 0.017), a high BMI (P < 0.001), heavy work 

(P = 0.003), grade II facet joint degeneration (P < 0.001) 
and early ambulation (P < 0.001) were significant risk fac-
tors for rLDH (Table 3).

Discussion
PELD is a typical minimally invasive discectomy proce-
dure that avoids the destruction of posterior spinal tissue 
and can be a feasible alternative to the conventional pos-
terior approach for LDH. China has made the most con-
tributions, based on the number of publications, to the 
field of fully endoscopic spine surgery [13]. Meanwhile, 
increasing attention has been given to the surgical com-
plications of PELD. rLDH is a common complication of 
PELD and the most common reason for an unsatisfactory 
outcome following PELD for LDH. However, there exists 
debate on the risk factors for rLDH after PELD, and 
it is very difficult to define these risk factors due to the 
involvement of various complicated factors. In our study, 
we found that 57 (6.05%) of 942 patients who underwent 
PELD experienced rLDH. Chan Hong Park et al. [8] sug-
gested that the recurrence rate of LDH after PTED was 
11%. However, Du et  al. [6] did not observe the recur-
rence of LDH after PELD in their study. Therefore, there 
is no consensus on the recurrence of LDH after PELD. 
However, the rate of rLDH after PELD may not have any 
guiding significance for patients with LDH. Meanwhile, 
we further found that age, sex, BMI, occupational lifting, 
facet joint degeneration, and time to ambulation were 
significantly correlated with the incidence of rLDH.

Most studies have reported age as one of the most 
important risk factors for recurrence after PELD [8, 9]. 
Yao et al. [9] found that an age over 50 years was closely 
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Fig. 1 Distribution of recurrent patients followed up within one year after PELD
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associated with rLDH after successful PELD. In our 
study, we found that the average age of the 57 patients 
with rLDH was 56.7 ± 8.7  years. According to a retro-
spective cohort study, patients who were 57  years or 
older showed a higher reoperation rate after PELD than 
those younger than 57 years [14]. Recurrence after PELD 
is the main factor of reoperation [14]. In general, the 
older the patient is, the higher the probability of recur-
rence; therefore, PELD may not be an appropriate option 
for elderly people.

Generally, spinal tissue degeneration becomes increas-
ingly severe with age. Marinelli et  al. [15] reported that 
the stage of disc degeneration was associated with ageing. 

Table 1 Risk factors for recurrent lumbar disc herniation after 
PELD using univariate analysis

Variable Recurrent 
group 
(N = 57)

Nonrecurrent 
group (N = 885)

P value

Age (year) 56.7 ± 8.7 41.2 ± 11.4 < 0.001

Gender

Male 39(68.4) 462(52.2) 0.017

Female 18(31.6) 423(47.8)

BMI (kg/cm2) 25.3 ± 2.9 23.6 ± 3.5 < 0.001

Tobacco use 33 261 < 0.001

Alcohol use 9 120 0.635

Diabetes mellitus 6 110 0.836

Duration of low back Pain 
(month)

29.4 ± 13.2 25.2 ± 17.5 0.026

Duration of leg pain (month) 16.8 ± 7.4 15.0 ± 7.3 0.081

Preoperative VAS for back 4.9 ± 1.2 5.0 ± 1.0 0.681

Preoperative VAS for leg 6.6 ± 1.2 6.5 ± 1.0 0.462

Sedentary occupation 18 201 0.125

Occupational lifting 21 111 < 0.001

Herniated disc location

Central 6(10.5%) 69(7.8%) 0.256

Paramedian 42(73.7%) 732(82.7%)

Foraminal 6(10.5%) 45(5.1%)

Extreme lateral 3(5.3%) 39(4.4%)

Herniated disc type

Protrusion 11(19.3%) 225(25.4%) 0.011

Extrusion 33(57.9%) 432(48.8%)

Sequestration 13(22.8%) 228(25.8%)

Pfirrmann Grading System

Grade I 1(1.8) 27(3.1) 0.101

Grade II 12(21.1) 237(26.8)

Grade III 12(21.1) 294(33.2)

Grade IV 20(35.1) 219(24.7)

Grade V 8(14.0) 78(8.8)

Grade VI 4(7.0) 30(3.4)

Modic change 12 138 0.275

Facet joints degeneration

Grade 0 5(8.8) 165(18.6)  < 0.001

Grade I 15(26.3) 318(35.9)

Grade II 29(50.9) 223(25.2)

Grade III 8(14.0) 179(20.2)

FO (°) 46.3 ± 5.7 47.4 ± 5.2 0.160

FT (°) 3.92 ± 2.18 4.42 ± 2.13 0.091

Operative segment

L2-L3 0 3 0.550

L3-L4 0 18

L4-L5 30 405

L5-S1 27 459

Surgical approach

PTED 51 786 0.878

PIED 6 99

Operation time (minute) 82.4 ± 21.2 87.4 ± 10.5 0.001

Time to ambulation (day) 17.0 ± 7.2 24.3 ± 4.3  < 0.001

Table 1 (continued)
Bold symbols indicated there was statistically significance

BMI Body mass index, VAS Visual analogue scale, FO Facet orientation, FT Facet 
tropism, PTED Percutaneous transforaminal endoscopic discectomy, PIED 
Percutaneous interlaminar endoscopic discectomy

Table 2 Risk factors for recurrent lumbar disc herniation after 
PELD using univariate logistic regression analysis

Bold symbols indicated there was statistically significance

BMI Body mass index, OR Odds ratio, CI Confidential index

Variable OR 95%CI P value

Age 1.115 1.087–1.144 < 0.001
gender 0.504 0.284–0.895 0.019
BMI 1.145 1.059–1.237 0.001
Smoking 0.304 0.176–0.525 < 0.001
Occupational lifting 0.246 0.139–0.436 < 0.001
Duration of low back pain 1.012 0.999–1.026 0.077

Herniated disc type 1.065 0.731–1.552 0.744

Facet joints degeneration 1.424 1.086–1.869 0.011
Operation time 0.968 0.949–0.988 0.002
Time to ambulation 0.739 0.690–0.792  < 0.001

Table 3 Risk factors for recurrent lumbar disc herniation after 
PELD using multiple logistic regression analysis

 Bold symbols indicated there was statistically significance

BMI Body mass index, OR Odds ratio, CI Confidential index

Variable OR 95% CI p

Age 1.678 1.447–1.946 < 0.001
Gender 0.169 0.039–0.732 0.017
BMI 1.726 1.377–2.162 < 0.001
Smoking 0.402 0.129–1.253 0.116

Occupational lifting 0.129 0.033–0.507 0.003
Facet joints degeneration 0.007 0.001–0.034 < 0.001
Operation time 0.995 0.963–1.028 0.744

Time to ambulation 0.722 0.646–0.807 < 0.001
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Meanwhile, patients with rLDH have been reported to 
have significantly more severe disc degeneration before 
surgery than patients with no rLDH [16]. However, we 
did not find a significant difference in the classifica-
tion of intervertebral lumbar disc degeneration between 
the recurrence and nonrecurrence groups; lumbar disc 
degeneration was not associated with recurrence after 
PELD. Intervertebral lumbar disc degeneration is com-
monly accompanied by Modic changes [17], and severe 
intervertebral lumbar disc degeneration is significantly 
more common in patients with Modic changes [18]. 
Additionally, Modic changes are significantly correlated 
with an increased rate of rLDH [19]. However, our study 
found no difference in Modic changes between the recur-
rence and nonrecurrence groups. This further shows that 
rLDH may be the result of multiple factors. Lumbar disc 
degeneration may not be an independent risk factor for 
recurrence after PELD.

In our study, there was a significant difference in facet 
joint degeneration between the recurrence and nonre-
currence groups, indicating that facet joint degeneration 
is a significant risk factor for recurrence after PELD. A 
study of the anatomy of the lumbar facet joints demon-
strated a significant role in shear load–carrying capacity 
[20]. Meanwhile, it was concluded that the posterior ele-
ments of the lumbar spine were more efficient in resist-
ing anterior and posterior shear loads [20]. Therefore, we 
considered that degeneration of the posterior rather than 
anterior elements has a greater impact on spinal stabil-
ity. Spinal instability has been found to be related to the 
biomechanical stress on the affected disc, which may be 
related to rLDH [12]. In the present study, we found that 
rLDH after PELD was more likely in those with grade 
II facet joint degeneration. This is the first time that an 
association between facet joint degeneration and rLDH 
after PELD has been proposed. However, there were 
no differences in facet joint parameters (FO and FT) 
between the two groups. Therefore, further biomechani-
cal studies of facet joints in rLDH need to be performed.

The BMI is a statistical index determined using a per-
son’s weight and height to provide an estimate of body fat 
in males and females of any age. Kim et al. [21] reported 
higher rates of recurrence after successful PELD among 
patients with higher BMIs. Yao et  al. [9] suggested that 
BMI ≥ 25 was the most robust risk factor responsible for 
recurrence after PELD. A meta-analysis also showed that 
the prevalence of rLDH in obese patients (BMI ≥ 25) was 
significantly higher than that in patients with a normal 
BMI [22]. However, some studies have failed to demon-
strate such a correlation between obesity and recurrence 
following lumbar microdiscectomy [23]. In our study, 
we found that patients with rLDH had higher BMIs than 
those without rLDH (25.3 ± 2.9 vs. 23.6 ± 3.5, P < 0.001). 

BMI is one of the most important risk factors for post-
operative rLDH. Our results are consistent with those 
reported by Yao et  al. [9], who considered that obe-
sity was the most important risk factor for recurrence 
after PELD. While we certainly agree, we also believe 
that strict bed rest is very important to prevent postop-
erative recurrence. Meanwhile, we considered various 
explanations for the differences in the research results, 
as follows. First, rLDH is an adverse outcome caused by 
multiple factors, and different risk factors have differ-
ent effects on recurrence. Second, individual differences 
among patients could lead to different results from vari-
ous studies. Third, there are many kinds of minimally 
invasive discectomy procedures, such as PELD, micro-
endoscopic discectomy (MED), and microdiscectomy, 
and each surgeon has a different learning history and 
experience level. These two factors play important roles 
in recurrence. Meanwhile, we found a significant correla-
tion between occupational lifting and rLDH. Li et al. [12] 
also reported that heavy work increased the risk of recur-
rence after discectomy, and clinical research reported by 
Kong et al. [24] demonstrated that a high BMI and heavy 
physical load intensity increased the possibility of rLDH. 
Furthermore, Sohrab et al. [25] suggested that the force 
required for LDH in the human spine was inversely cor-
related with the degree of disc degeneration. However, if 
the disc is subjected to higher pressures, it will become 
more degenerated and therefore more likely to herniate 
through an annular defect. Therefore, we consider that 
the overloading of damaged intervertebral discs might 
lead to rLDH. Above all, weight loss is very important 
in the perioperative period for patients with LDH, and 
long-term heavy work should be avoided after lumbar 
discectomy.

There are no clear standards for the duration of bedrest 
after PELD. Some scholars have considered that early 
ambulation should be carried out after lumbar discec-
tomy, as it is conducive to promoting the recovery of 
bodily functions [2, 3]. However, Kim et al. [7] suggested 
that because early ambulation would increase the load on 
the injured intervertebral disc and easily lead to rLDH, 
the time of ambulation should be delayed. Qin et al. [26] 
also reported that the time to first ambulation was an 
important factor affecting recurrence after PELD. The 
recurrence rate among patients who ambulated within 
the first day after the operation was significantly higher 
than that among other patients [26]. According to the 
characteristics of scarring and wound healing of fibrous 
soft tissue, we suggest that patients should stay in bed 
for at least 3  weeks. However, many patients often fail 
to do this. Therefore, we strictly require patients to stay 
in bed within the first day after PELD. Aside from eat-
ing or defecating, patients should rest in bed as much as 
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possible. When patients get out of bed, they must wear 
lumbar support to reduce the load on the intervertebral 
disc and limit the duration of upright activities as much 
as possible. At the same time, patients should perform 
functional exercises of the back muscles and strength 
training of the limbs in bed. Although the outcomes of 
our study are consistent with those reported by Qin et al. 
[26], there are some differences between the two studies. 
First, there are differences in the number of cases, fol-
low-up time and surgeon experience level between their 
study and our study. In particular, the number of cases in 
their study was small. Second, the definition of the time 
to ambulation after PELD is different; they defined the 
time to ambulation as the time until the first walk after 
the operation [26], while we defined the time to ambula-
tion as the beginning of a long period of upright activity. 
In our study, we found that the average time to ambula-
tion in patients with rLDH was 17 days, while the aver-
age time to ambulation in patients without recurrence 
was 24 days. The time to ambulation was closely associ-
ated with rLDH after successful PELD. Therefore, we sug-
gest that later ambulation is helpful to reduce the rate of 
rLDH after PELD.

Limitations
Our study has several potential limitations that should 
be pointed out. First, this was a retrospective, nonrand-
omized, controlled study and was subject to bias. Second, 
our study had a small sample size and short follow-up 
time. Due to the short follow-up time, there may have 
been some undocumented cases of recurrence after 
PELD. Third, rLDH after PELD is caused by many fac-
tors, and the list of parameters we included may not have 
been comprehensive. Nonetheless, a larger multicentre 
clinical study with a longer follow-up period is needed to 
further validate our clinical findings.

Conclusions
The current study shows that an old age, the male sex, a 
higher BMI, heavy work, grade II facet joint degenera-
tion, and early ambulation are independent significant 
risk factors for rLDH. Patients should attach great impor-
tance to these risk factors to prevent rLDH. The mech-
anism between these risk factors and rLDH requires 
further investigation. At the same time, we believe that 
external factors or incorrect postoperative rehabilitation 
exercise may play a key role in postoperative recurrence. 
We suggest that patients should control their weight, 
avoid heavy work and perform strengthening rehabilita-
tion exercises to reduce the incidence of rLDH.

Abbreviations
LDH: Lumbar disc herniation; PELD: Percutaneous endoscopic lumbar discec-
tomy; rLDH: Recurrent lumbar disc herniation; BMI: Body mass index; FO: Facet 
orientation; FT: Facet tropism; PTED: Percutaneous transforaminal endoscopic 
discectomy; PIED: Percutaneous interlaminar endoscopic discectomy.

Acknowledgements
We sincerely thank all the patients and individuals for their participation and 
all the researcher for contribution to this article.

Author contributions
FW, KC and QL contributed equally to this article. All the authors read and 
approved the final manuscript.

Funding
This study was supported by National Natural Science Fund of China 
(No.81672233) and Clinical Research Plan of SHDC (No. SHDC2020CR1051B) . 

Availability of data and materials
The data that support the findings of this study are available from Shanghai 
Changhai Hospital, Shaoxing People’s Hospital and Tenth Affiliated Hospital 
of Tongji Medical University, but restrictions apply to the availability of these 
data, which were used under licence for the current study, and so are not pub-
licly available. Data are however available from the authors upon reasonable 
request and with permission of the above three hospitals, China.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics committee of our university (Local Eth-
ics Committee of Shanghai Changhai Hospital, NMU, No. CHEC2019183; Local 
Ethics Committee of Tenth Affiliated Hospital of Tongji Medical University, No. 
TEC2019293; Local Ethics Committee of Shaoxing People’s Hospital, Zhejiang 
University, No. SXEC201972). And all subjects in our study provided written 
informed consent for the study.

Consent for publication
Not applicable.

Competing interests
The author(s) declared no potential conflicts of interest with respect to the 
research, authorship, and/or publication of this article.

Author details
1 Department of Orthopedic Surgery, Shaoxing People’s Hospital, Shaoxing, 
Zhejiang Province, China. 2 Department of Orthopedics, Shanghai Changhai 
Hospital of Naval Medical University, Shanghai, China. 3 Department of Ortho-
pedic Surgery, Tenth Affiliated Hospital of Tongji Medical University, Shanghai, 
China. 

Received: 23 November 2021   Accepted: 7 July 2022

References
 1. Harper R, Klineberg E. The evidence-based approach for surgical 

complications in the treatment of lumbar disc herniation. Int Orthop. 
2019;43(4):975–80.

 2. gadjradj PS, Harhangi BS, Amelink J, et al. Percutaneous transforaminal 
endoscopic discectomy versus open microdiscectomy for lumbar disc 
herniation: a systematic review and meta-analysis. Spine (Phila Pa 1976). 
2021;46(8):538–49.

 3. Chen Z, Zhang L, Dong J, et al. Percutaneous transforaminal endoscopic 
discectomy versus microendoscopic discectomy for lumbar disc hernia-
tion: two-year results of a randomized controlled trial. Spine (Phila Pa 
1976). 2020;45(8):493–503.

 4. Jarebi M, Awaf A, Lefranc M, et al. A matched comparison of outcomes 
between percutaneous endoscopic lumbar discectomy and open 



Page 7 of 7Wang et al. Journal of Orthopaedic Surgery and Research          (2022) 17:356  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

lumbar microdiscectomy for the treatment of lumbar disc herniation: a 
2-year retrospective cohort study. Spine J. 2021;21(1):114–21.

 5. Kang TW, Park SY, Oh H, et al. Risk of reoperation and infection after 
percutaneous endoscopic lumbar discectomy and open lumbar 
discectomy : a nationwide population-based study. Bone Joint J. 
2021;103-B(8):1392–9.

 6. Du J, Tang X, Jing X, et al. Outcomes of percutaneous endoscopic lumbar 
discectomy via a translaminar approach, especially for soft, highly down-
migrated lumbar disc herniation. Int Orthop. 2016;40(6):1247–52.

 7. Kim HS, You JD, Ju CI. Predictive scoring and risk factors of early recur-
rence after percutaneous endoscopic lumbar discectomy. Biomed Res 
Int. 2019. https:// doi. org/ 10. 1155/ 2019/ 64926 75.

 8. Park CH, Park ES, Lee SH, et al. Risk factors for early recurrence after 
transforaminal endoscopic lumbar disc decompression. Pain Physician. 
2019;22(2):E133–8.

 9. Yao Y, Liu H, Zhang H, et al. Risk factors for recurrent herniation after 
percutaneous endoscopic lumbar discectomy. World Neurosurg. 
2017;100:1–6.

 10. Griffith JF, Wang YX, Antonio GE, et al. Modified Pfirrmann grading 
system for lumbar intervertebral disc degeneration. Spine (Phila Pa 1976). 
2007;32(24):E708-12.

 11. Weishaupt D, Zanetti M, Boos N, et al. MR imaging and CT in osteoarthri-
tis of the lumbar facet joints. Skelet Radiol. 1999;28(4):215–9.

 12. Li Z, Yang H, Liu M, et al. Clinical characteristics and risk factors of recur-
rent lumbar disk herniation: a retrospective analysis of three hundred 
twenty-one cases. Spine (Phila Pa 1976). 2018;43(21):1463–9.

 13. Lin GX, Kotheeranurak V, Mahatthanatrakul A, et al. Worldwide research 
productivity in the field of full-endoscopic spine surgery: a bibliometric 
study. Eur Spine J. 2020;29(1):153–60.

 14. Kim CH, Chung CK, Choi Y, et al. The selection of open or percutane-
ous endoscopic lumbar discectomy according to an age cut-off point: 
nationwide cohort study [J]. Spine (Phila Pa 1976). 2015;40(19):E1063-70.

 15. Marinelli NL, Haughton VM, Anderson PA. T2 relaxation times correlated 
with stage of lumbar intervertebral disk degeneration and patient age. 
AJNR Am J Neuroradiol. 2010;31(7):1278–82.

 16. Cinotti G, Roysam GS, Eisenstein SM, et al. Ipsilateral recurrent lumbar 
disc herniation. A prospective, controlled study. J Bone Joint Surg Br. 
1998;80(5):825–32.

 17. Teichtahl AJ, Urquhart DM, Wang Y, et al. Lumbar disc degeneration 
is associated with modic change and high paraspinal fat content - a 
3.0T magnetic resonance imaging study. BMC Musculoskelet Disord. 
2016;17(1):439.

 18. Özcan-Ekşi EE, Yayla A, Orhun Ö, et al. Is the distribution pattern of modic 
changes in vertebral end-plates associated with the severity of interver-
tebral disc degeneration?: A cross-sectional analysis of 527 caucasians. 
World Neurosurg. 2021;150:e298–304.

 19. Brooks M, Dower A, Abdul Jalil MF, et al. Radiological predictors of recur-
rent lumbar disc herniation: a systematic review and meta-analysis. J 
Neurosurg Spine. 2020;34:481–91.

 20. Serhan HA, Varnavas G, Dooris AP, et al. Biomechanics of the posterior 
lumbar articulating elements. Neurosurg Focus. 2007;22(1):E1.

 21. Kim JM, Lee SH, Ahn Y, et al. Recurrence after successful percutane-
ous endoscopic lumbar discectomy. Minim Invasive Neurosurg. 
2007;50(2):82–5.

 22. Yin S, Du H, Yang W, et al. Prevalence of recurrent herniation following 
percutaneous endoscopic lumbar discectomy: a meta-analysis. Pain 
Physician. 2018;21(4):337–50.

 23. Rihn JA, Kurd M, Hilibrand AS, et al. The influence of obesity on the out-
come of treatment of lumbar disc herniation: analysis of the spine patient 
outcomes research trial (SPORT). J Bone Joint Surg Am. 2013;95(1):1–8.

 24. Kong M, Xu D, Gao C, et al. Risk factors for recurrent L4–5 disc herniation 
after percutaneous endoscopic transforaminal discectomy: a retrospec-
tive analysis of 654 cases. Risk Manag Healthc Policy. 2020;13:3051–65.

 25. Virk S, Meyers KN, Lafage V, et al. Analysis of the influence of species, 
intervertebral disc height and Pfirrmann classification on failure load 
of an injured disc using a novel disc herniation model [J]. Spine J. 
2021;21(4):698–707.

 26. Qin F, Zhang Z, Zhang C, et al. Effect of time to first ambulation on recur-
rence after PELD. J Orthop Surg Res. 2020;15(1):83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1155/2019/6492675

	Earlier or heavier spinal loading is more likely to lead to recurrent lumbar disc herniation after percutaneous endoscopic lumbar discectomy
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Clinical and radiographic assessment
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


