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Abstract

Objective: To develop and validate a nomogram useful in predicting recurrent lumbar disk herniation (rLDH)
within 6 months after percutaneous endoscopic lumbar discectomy (PELD).

Methods: Information on patients’ lumbar disk herniation (LDH) between January 2018 and May 2019 in addition
to 26 other features was collected from the authors’ hospital. The least absolute shrinkage and selection operator
(LASSO) method was used to select the most important risk factors. Moreover, a nomogram was used to build a
prediction model using the risk factors selected from LASSO regression. The concordance index (C-index), the
receiver operating characteristic (ROC) curve, and calibration curve were used to assess the performance of the
model. Finally, clinical usefulness of the nomogram was analyzed using the decision curve and bootstrapping used
for internal validation.

Results: Totally, 352 LDH patients were included into this study. Thirty-two patients had recurrence within 6
months while 320 showed no recurrence. Four potential factors, the course of disease, Pfirrmann grade, Modic
change, and migration grade, were selected according to the LASSO regression model. Additionally, the C-index of
the prediction nomogram was 0.813 (95% CI, 0.726-0.900) and the area under receiver operating characteristic curve
(AUC) value was 0.798 while the interval bootstrapping validation C-index was 0.743. Hence, the nomogram might
be a good predictive model.

Conclusion: Each variable, the course of disease, Pfirrmann grade, Modic change, and migration grade in the
nomogram had a quantitatively corresponding risk score, which can be used in predicting the overall recurrence
rate of rLDH within 6 months.

Keywords: Recurrence, Percutaneous endoscopic lumbar discectomy, Risk factors, Six months, Nomogram

© The Author(s). 2021 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://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: 907173102@qq.com
†Mengxian Jia, Yadong Sheng, and Guoliang Chen are co-first authors.
Department of Orthopedics (Spine Surgery), The First Affiliated Hospital of
Wenzhou Medical University, Wenzhou, Zhejiang, China

Jia et al. Journal of Orthopaedic Surgery and Research          (2021) 16:274 
https://doi.org/10.1186/s13018-021-02425-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-021-02425-2&domain=pdf
http://orcid.org/0000-0003-0700-7574
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:907173102@qq.com


Introduction
Lumbar disk herniation (LDH) is a degenerative disease of
the lumbar spine. The disease manifests the following pri-
mary signs and symptoms; radicular pain, sensory abnormal-
ities, and weakness in the distribution of one or more
lumbosacral nerve roots [1, 2]. Diagnosis of LDH mainly d-
epends on clinical symptoms and imaging information.
Presently, the treatment revolves around non-operative inter-
ventions, open discectomy, and minimally invasive surgery
[3]. The beneficial outcomes of minimally invasive surgery
have been confirmed. They include a decrease operative
time, less blood loss, and quick return to normal routine [4].
Percutaneous endoscopic lumbar discectomy (PELD)

is a common used minimally invasive procedure that has
been proven to be effective in patients with LDH [5, 6].
The procedure has the advantage of requiring a smaller
incision as well as conferring faster recovery, less dam-
age to soft tissues, and fewer complications [7]. Clinic-
ally, PELD is further divided into two types of
operations, namely, percutaneous endoscopic transfor-
aminal discectomy (PETD) and percutaneous endoscopic
interlaminar discectomy (PEID).
However, the rate of recurrent LDH (rLDH) has been re-

ported to be between 5 and 15%, after the operation. More-
over, the duration between surgery and a recurrence ranges
from a few days to a few years [8]. In the clinical setting,
the definition of rLDH is the presence of herniated disk
material at the same level with symptoms of oppression,
but strict time interval is not necessary [9]. Reoperation
within a short time presents financial constraints as well as
physical and psychological pressure to patients. Moreover,
many studies have highlighted the possible risk factors of
rLDH after a minimally invasive or open surgery, including
sex, age, height, weight, body mass index (BMI), smoking,
occupation type, and Modic change [10, 11].
Therefore, given the many risk factors, an accurate pre-

diction tool may be useful in forecasting rLDH. Generally,
most studies focus on recurrence 6 months after the sur-
gery. However, few have paid attention to the recurrence
rates within the first 6 months after operation [12]. Simi-
larly, this study explored the recurrence of LDH within 6
months of PELD. To the best of our knowledge, no study
has provided an approach that could predict the probabil-
ity of recurrence within 6 months after PELD. Moreover,
inability to predict recurrence after surgery is an import-
ant cause of patient dissatisfaction. Consequently, the
study set out to develop an accurate but simple method of
predicting rLDH within 6 months after PELD, by assessing
a group of possible risk factors.

Methods
Patients and risk factors
The data of all patients who had undergone PELD in the
authors’ hospital between January 2018 and May 2019

was collected. The inclusion criteria were as follows: (1)
patients who were diagnosed with LDH according to
clinical manifestations and radiological characteristics
and (2) patients who underwent PELD by the same team
of surgeons. On the other hand, the exclusion criteria in-
clude (1) patients who had undergone an open surgery;
(2) patients who lacked imaging data; (3) patients with
recurrence of LDH whose primary surgeries were per-
formed in other hospitals; (4) patients with recurrence of
LDH whose primary operation was performed before
2018; and (5) patients who had recurrence after 6
months of operation. All the patients were informed
consent and the study was approved by the Medical Eth-
ics Committee of authors’ hospital.
Characteristics including demographics, radiological

identifiable factors, and surgery-related information were
collected from hospital medical records. Demographic
and surgery-related information includes age, gender,
height, weight, BMI, occupation, education, type of
household registration, smoking, drinking, diabetes,
hypertension, course of disease, type of surgery, and op-
erative time. Radiological identifiable factors included
Pfirrmann grade, level of the herniated disk, Modic
change, herniated size, herniation direction, herniation
location, migration grade, disk height, disk length, disk
width, and disk size.

Statistical analysis
All the data is displayed in the Table 1. Statistical analysis
was performed using the R software (Version 3.6.1). The R
packages used include glmnet, rms, ROCR, and rmda.
First, the least absolute shrinkage and selection

operator (LASSO) method, a regression-based analysis
method for penalizing the magnitude of the coefficients
of prediction variables by imposing a constraint during
parameter estimation, was used to select the most im-
portant risk factors to the rate of rLDH. This method
could help reduce the number of variables and minimize
the possibility of model overfitting [13].
Afterwards, the nomogram was used to build a pre-

dictive model using the risk factors obtained from
LASSO. This nomogram is a logistic regression-based
model, which can reduce statistical predictive models
into a single numerical estimate of the probability of an
event. The nomogram converts the regression coefficient
of each covariate according to the formula, and visual-
izes the abstract results of logistic regression [14].
Thereafter, the concordance index (C-index), the

receiver operating characteristic (ROC) curve, and cali-
bration curve were used to assess the performance of
the model. The C-index and the area under receiver
operating characteristic curve (AUC) value measure dis-
crimination with a range of 0.5 to 1.0. Therefore, the lar-
ger C-index and AUC value are, the more accurate the
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Table 1 Characteristics of recurrence and non-recurrence patients

Characteristics Recurrence, n=32 (%) Non-recurrence, n=320 (%) Total, n=352 (%)

Age

<40 12 (37.50) 101 (31.56) 113 (32.10)

≥40, <60 16 (50.00) 172 (53.75) 188 (53.41)

≥60 4 (12.50) 47 (14.69) 51 (14.49)

Gender

Female 14 (43.75) 108 (33.75) 122 (34.66)

Male 18 (56.25) 212 (66.25) 230 (65.34)

Height (m)

<1.6 4 (12.50) 49 (15.31) 53 (15.06)

≥1.6, <1.7 15 (46.88) 120 (37.50) 135 (38.35)

≥1.7, <1.8 9 (28.13) 135 (42.19) 144 (40.91)

≥1.8 4 (12.50) 16 (5.00) 20 (5.68)

Weight (kg)

<50 0 (0.00) 11 (3.44) 11 (3.13)

≥50, <60 10 (31.25) 58 (18.13) 68 (19.32)

≥60, <70 12 (37.50) 131 (40.94) 143 (40.63)

≥70, <80 5 (15.63) 73 (22.81) 78 (22.16)

≥80, <90 3 (9.38) 36 (11.25) 39 (11.08)

≥90, <100 0 (0.00) 5 (1.56) 5 (1.42)

≥100 2 (6.25) 6 (1.88) 8 (2.27)

BMI

<18.5 1 (3.13) 7 (2.19) 8 (2.27)

≥18.5, <24 18 (56.25) 159 (49.69) 177 (50.28)

≥24, <27 6 (18.75) 107 (33.44) 113 (32.10)

≥27, <30 4 (12.50) 32 (10.00) 36 (10.23)

≥30 3 (9.38) 15 (4.69) 18 (5.11)

Occupation

Sedentary occupation 4 (12.50) 24 (7.50) 28 (7.95)

Physical work 19 (59.38) 206 (64.38) 225 (63.92)

Others 9 (28.13) 90 (28.13) 99 (28.13)

Education

Primary and secondary school 23 (71.88) 217 (67.81) 240 (68.18)

High school 6 (18.75) 40 (12.50) 46 (13.07)

College 3 (9.38) 63 (19.69) 66 (18.75)

Household registration

Rural registration 15 (46.88) 164 (51.25) 179 (50.85)

Urban registration 17 (53.13) 156 (48.75) 173 (49.15)

Course of disease (months)

<12 17 (53.13) 267 (83.44) 284 (80.68)

≥12, <60 7 (21.88) 47 (14.69) 54 (15.34)

≥60, <120 4 (12.50) 3 (0.94) 7 (1.99)

≥120 4 (12.50) 3 (0.94) 7 (1.99)
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Table 1 Characteristics of recurrence and non-recurrence patients (Continued)

Characteristics Recurrence, n=32 (%) Non-recurrence, n=320 (%) Total, n=352 (%)

Smoking

No 24 (75.00) 228 (71.25) 252 (71.59)

Yes 8 (25.00) 92 (28.75) 100 (28.41)

Drinking

No 25 (78.13) 239 (74.69) 264 (75.00)

Yes 7 (21.88) 81 (25.31) 88 (25.00)

Diabetes

No 31 (96.88) 299 (93.44) 330 (93.75)

Yes 1 (3.13) 21 (6.56) 22 (6.25)

Hypertension

No 25 (78.13) 259 (80.94) 284 (80.68)

Yes 7 (21.88) 61 (19.06) 68 (19.32)

Type of surgery

PEID 17 (53.13) 197 (61.56) 214 (60.80)

PETD 15 (46.88) 123 (38.44) 138 (39.20)

Operation time (min)

<30 2 (6.25) 43 (13.44) 45 (12.78)

≥30, <60 24 (75.00) 240 (75.00) 264 (75.00)

≥60 6 (18.75) 37 (11.56) 43 (12.22)

Pfirrmann grade

Grade III 11 (34.38) 187 (58.44) 198 (56.25)

Grade IV 21 (65.63) 133 (41.56) 154 (43.75)

Modic change

No 16 (50.00) 249 (77.81) 265 (75.28)

Type I 2 (6.25) 4 (1.25) 6 (1.70)

Type II 13 (40.63) 65 (20.31) 78 (22.16)

Type III 1 (3.13) 2 (0.63) 3 (0.85)

Level of herniated disk

L3/L4 2 (6.25) 12 (3.75) 14 (3.98)

L4/L5 18 (56.25) 165 (51.56) 183 (51.99)

L5/S1 12 (37.5) 143 (44.69) 155 (44.03)

Herniated size

Grade 1 6 (18.75) 36 (11.25) 42 (11.93)

Grade 2 17 (53.13) 208 (65.00) 225 (63.92)

Grade 3 9 (28.13) 76 (23.75) 85 (24.15)

Migration grade

Central 13 (40.63) 194 (60.63) 207 (58.81)

Downward, low-grade 15 (46.88) 88 (27.50) 103 (29.26)

Downward, high-grade 1 (3.13) 22 (6.88) 23 (6.53)

Upward, low-grade 2 (6.25) 13 (4.06) 15 (4.26)

Upward, high-grade 1 (3.13) 3 (0.94) 4 (1.14)
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results were in distinguishing the subjects [15]. Further-
more, a calibration curve was plotted to assess the
standardization of the nomogram.
Finally, bootstrapping was used (1000 bootstrap

resamples) to calculate a corrected C-index, in order to
verify the accuracy of the model [16].

Results
Characteristics of patients
A total of 352 LDH patients were enrolled in this study
between January 2018 and May 2019. Thirty-two of

them had rLDH within 6 months while 320 showed no
recurrence of disease within the period. The patients in-
clude 230 males and 122 females within the range of 16-
90 years of age. Among them, 17 showed recurrence
within 1 month, 8 within 1 to 3 months after PELD, and
7 between 3 and 6 months after operation. All the de-
tails, including demographics, surgery-related informa-
tion and radiological data of the two groups of patients
were shown in Table 1. Disk height, length, width, and
size were divided into two groups based on the median.
Herniated size was classified as grade 1, 2, and 3 based

Table 1 Characteristics of recurrence and non-recurrence patients (Continued)

Characteristics Recurrence, n=32 (%) Non-recurrence, n=320 (%) Total, n=352 (%)

Herniation direction

Central 1 (3.13) 3 (0.94) 4 (1.14)

Left 13 (40.63) 177 (55.31) 190 (53.98)

Right 18 (56.25) 140 (43.75) 158 (44.89)

Herniation location

Axillary type 9 (28.13) 136 (42.50) 145 (41.19)

Shoulder type 22 (68.75) 151 (47.19) 173 (49.15)

Others 1 (3.13) 33 (10.31) 34 (9.66)

Disk height (mm)

<9.535 15 (46.88) 161 (50.31) 176 (50.00)

≥9.535 17 (53.13) 159 (49.69) 176 (50.00)

Disk length (mm)

<53.965 14 (43.75) 162 (50.63) 176 (50.00)

≥53.965 18 (56.25) 158 (49.38) 176 (50.00)

Disk width (mm)

<38.315 18 (56.25) 158 (49.38) 176 (50.00)

≥38.315 14 (43.75) 162 (50.63) 176 (50.00)

Disk size (mm2)

<6455 14 (43.75) 162 (50.63) 176 (50.00)

≥6455 18 (56.25) 158 (49.38) 176 (50.00)

Abbreviations: PETD percutaneous endoscopic transforaminal discectomy, PEID percutaneous endoscopic interlaminar discectomy

Fig. 1 The classification of Pfirrmann grade. On T2-weighted image, grade I—the structure of the disk and disk height are normal, with a bright
white signal intensity. Grade II—the structure of the disk is abnormal and the disk height is normal, with a white signal and a clear distinction
between nucleus and anulus. Grade III—the structure of the disk is abnormal and the disk height is normal or slightly decreased, with an average
gray signal intensity and an unclear distinction between nucleus and anulus. Grade IV—the structure of the disk is abnormal and the disk height
is normal or moderately decreased, with a dark gray signal intensity and a lost distinction between nucleus and anulus. Grade V—the structure of
the disk is abnormal and the disk space is collapsed. The distinction between nucleus and anulus is lost
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on the Michigan State University (MSU) classification.
In addition, the classification of Pfirrmann grade and
Modic change were shown in Figs. 1 and 2. Figure 3 was
the schematic representation of migration grade.
Of all the 26 risk factors, 4 were selected based on the

LASSO regression method (Fig. 4a and b). These factors
include the course of disease, Pfirrmann grade, Modic
change, and migration grade.

Development and validation of the nomogram for rLDH
prediction
The independent factors were incorporated and their
predictive capability shown in the nomogram (Fig. 5).
The calibration curve of the nomogram for the predic-
tion of rLDH demonstrated good results in the 352
patients. However, the predictive capability of the nomo-
gram decreased with an increase of recurrence risk. For
instance, when the recurrence risk was less than about
0.3, the predictive capability was better than when the
recurrence risk was more than 0.3 (Fig. 6). The C-index
for the prediction nomogram was 0.813 (95% CI, 0.726-
0.900) and the AUC value was 0.798 (Fig. 7) while the
interval bootstrapping validation C-index was 0.743. All
these indicated the nomogram model’s good predictive
capability.

Discussion
Based on data from online public databases, a large
number of nomograms have been used as predictive
tools in tumor survival in recent years. However, the no-
mograms are scarcely used in other fields and no prog-
nostic nomogram has been constructed for rLDH
patients up to date. Nomogram is an important research
method in the field of translational medicine, which con-
verts simple data into clinical prediction models through
mathematical modeling [17]. Therefore, this study was
the first one to use a nomogram in predicting rLDH
after PELD.
Based on factors such as surgeon preference, radio-

graphic evidence, and severity of herniations,

Fig. 2 The classification of Modic change. On T1-weighted and T2-weighted images, normal: isointense on T1w and T2w. Type I, hypointense on
T1w and hyperintense on T2w. Type II, hyperintense on T1w and hyperintense or isointense on T2w. Type III, hypointense on T1w and T2w

Fig. 3 Schematic representation of migration grade. The migration
being smaller than the measured height of the posterior marginal
disk space was described as a low-grade migration or as a
high-grade migration
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interventions vary between open and endoscopic discec-
tomy. Over the past decade, extensive research has been
done on the surgical treatment of LDH. Notably, the
minimally invasive spinal surgery has been reported to
have more advantages compared to the common open
surgery. In this study, PELD, a common type of minim-
ally invasive operation, capable of removing herniated
disks, with a skin incision of only 7 mm, shorter
hospitalization periods, and faster recovery was used
[18]. However, despite the reported advantages of PELD,
many surgeons still experience failure after surgery, with
one of the common complications being early recur-
rence [19]. In this study, a good nomogram that could

predict the recurrence rate as well as avoid some of the
risk factors was developed.
According to previously published data, 26 possible

risk factors were initially selected in the study. Addition-
ally, such factors as sex, age, height, weight, BMI, smok-
ing, occupation type, and Modic change were reported
to be associated with rLDH [10, 11]. However, minor
variations were reported in this study. Only four risk fac-
tors were selected based on the LASSO results, including
the course of disease, Pfirrmann grade, Modic change,
and migration grade. These factors could be easily ob-
tained during routine clinical practice. The high C-
index, the AUC value, and the calibration curve of the

Fig. 4 The least absolute shrinkage and selection operator (LASSO) method of selecting risk factors. (a) The 26 feature LASSO coefficient profiles
plot was produced against the log (lambda) sequence. (b) Using cross-validation via minimum criteria in the LASSO model, dotted vertical lines
were drawn at the optimal values (4 factors)

Fig. 5 Nomogram to predict rLDH after PELD. Four simple factors selected from the LASSO analysis, including course of disease, Pfirrmann grade,
Modic change, and migration grade were used to develop the nomogram
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nomogram indicated both an accurate predictive and
calibrative power of the method. Additionally, the great
C-index in interval bootstrapping validation particularly
confirmed that this easy-to-use nomogram could be
widely applied in LDH patients.
Although several studies have conducted the multi-

factor analysis of rLDH, each reported different results
according to the risk factors. Similar to previous studies,
Modic change was found to be an important risk factor
of rLDH in this study [20]. Despite the importance of
Modic change in evaluating the severity of disk degener-
ation [21], the etiology, and underlying mechanisms in
relation to rLDH still needs further research. Moreover,
the results of this study showed that the migration grade
on rLDH was different from that reported in previous
studies. For instance, a previous study reported that fail-
ure and recurrence rates were higher in the high-grade
migration group [22]. However, our results showed that
downward high-grade migration presented the least
probability of rLDH. These differences might arise due
to varying degrees of surgeons’ experience as well as
technical factors [23].

Another index commonly used for evaluating degen-
erative disk disease is the Pfirrmann grade. In this study,
the levels of herniated disks were all reported as Pfirr-
mann Grade III n. Previous studies reported that an in-
crease in Pfirrmann grade resulted to cell apoptosis and
a decrease in the moisture content of the lumbar disks.
Consequently, this would result to a change in the inter-
vertebral disk micro-nano environment [24]. Addition-
ally, studies showed that a longer course of disease
predicted slower recovery as well as reduced surgical ef-
ficacy [25]. Notably, patients with a disease course of
more than 12 months before surgery were reported to
less likely show optimal surgical outcomes compared to
those whose disease course was less than 1 year [26].
This study showed that a simple four-risk-factor

nomogram could easily be used in daily clinical work.
However, a few limitations can be picked from this
study. First, data was only collected for one and a half
years and 32 patients showed recurrence within 6
months. This small sample size could potentially lead to
a bias in the reported results. Second, only four risk fac-
tors were included in the analysis yet many others were

Fig. 6 The calibration curves of the nomogram. The x-axis represents the predicted recurrence risk while the y-axis represents the actual
probability. The diagonal line indicates an ideal prediction model. The solid line reflects the real performance of the nomogram. The closer the
solid line gets to the diagonal one, the better the tool is at predicting recurrence
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able to cause rLDH, including personal income, postop-
erative care, and other conditions. Finally, only internal
validation measures were used to ascertain the success
of the nomogram. However, it would have been better to
use data from external centers for a more comprehen-
sive conclusion.

Conclusion
In summary, the study successfully constructed a nomo-
gram capable of predicting rLDH after PELD using data
from the authors’ hospital. By estimating the individual
risk, the possibility of recurrence could be predicted.
This allows patients to be well informed on such issues
as recurrence, before undergoing an operation. Add-
itionally, the model allows both doctors and patients to
make important preopertative decisions such as whether
to perform a PELD or a fusion surgery. Nonetheless, the
nomogram still needs improvement which can be
achieved by using data from more patients as well as ap-
plying external validation measures. Further studies are
therefore required to overcome these shortcomings.
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