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ARTICLE INFO ABSTRACT

Keywords: Objectives: Discectomy is a conventional surgery for lumbar disc herniation. However, recurrence and residual
Endplate changes back pain are the main postoperative complications. The contribution of endplate changes to the occurrence of
Discectomy these complications remains controversial. This study aimed to investigate the effect of endplate changes after
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Patients and Methods: We conducted a retrospective evaluation of 128 patients who had endplate changes after
undergoing discectomy in our hospital. The patients were divided into three groups according to severity of
abnormality according the Weishaupt classification (mild, moderate, and severe). The Oswestry Disability Index
(ODI) and visual analog scale (VAS) were used to evaluate the efficacy of different surgical methods.

Results: Seventeen patients dropped out of the follow-up study. Satisfactory efficacy was observed in most pa-
tients, but 16 patients underwent reoperation. Significant differences were observed among the three groups in
terms of low back pain severity and ODI (p < 0.05), but not radicular leg pain severity. The severe group had a
higher recurrence rate of disc herniation (23.5%) than the mild and moderate groups (10.3% and 10.4%, re-
spectively).

Conclusion: Discectomy had a noticeable efficacy. However, severe endplate changes, which indicated fissures
on the endplate, damaged the lumbar stability and resulted in a higher recurrence rate and residual back pain.
For such cases, internal fixation surgery should be considered.

1. Introduction

Lumbar disc herniation (LDH) is a degenerative disease and one of
the main causes of low back pain (LBP). With the notable increase in the
aged population and lifestyle changes, the incidence of LDH is gradually
increasing [1]. Lumbar discectomy, first described by Mixter and Barr
in 1934, is a conventional surgical technique for the treatment of LDH
[2], which has been used for > 80 years. Residual back pain and re-
current herniation are the main postoperative complications [3-6].
However, the mechanism of postoperative complications remains un-
clear. The endplate includes the cartilaginous and bony endplates, and
is located between the vertebral body and the intervertebral disc. As the
disc itself is avascular, nutrition is mainly provided via the cartilaginous
endplates [7,8]. Hence, the endplate and disc are closely related.
Therefore, the endplate may be associated with complications after
discectomy.

Endplate changes are vertebral subchondral bone marrow changes
that are visible on magnetic resonance imaging (MRI). This common
phenomenon was first described by Roos in 1987 [9]. The contribution

of endplate changes to the occurrence of complications after discectomy
remains controversial. Ohtori et al. investigated 45 cases, and their
results showed that patients with or without endplate changes showed
similar improvements in LBP score after discectomy [10]]. Rahme et al.
reached a similar conclusion that neither the preoperative presence of
endplate changes nor their postoperative courses appeared to affect the
clinical outcome [11]. However, Yao et al. examined 111 patients with
recurrent herniation after successful discectomy and reported that
endplate changes were one of the risk factors that resulted in recurrence
[12]. Chin et al. found a trend toward greater efficacy in patients
without endplate changes [13].

None of the above-mentioned studies considered the severity of
endplate changes. Thus, we hypothesize that the contradictory results
may have arisen from the severity of the endplate changes. Weishaupt
et al. observed the different extents of vertebral subchondral bone
marrow signal abnormalities on MRI and subdivided them into four
grades to evaluate the severity of endplate changes. Their results
showed that moderate and severe endplate abnormalities may be
helpful in predicting painful disc derangement [14]. The classification,

* Corresponding author at: Department of Orthopaedic Surgery, The First Affiliated Hospital of Soochow University, 188 Shizi St. Suzhou, 215006, China.

E-mail address: jzou@suda.edu.cn (J. Zou).
! Contributed equally to this work.

https://doi.org/10.1016/j.clineuro.2019.105449

Received 5 July 2019; Received in revised form 12 July 2019; Accepted 16 July 2019

Available online 18 July 2019
0303-8467/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/03038467
https://www.elsevier.com/locate/clineuro
https://doi.org/10.1016/j.clineuro.2019.105449
https://doi.org/10.1016/j.clineuro.2019.105449
mailto:jzou@suda.edu.cn
https://doi.org/10.1016/j.clineuro.2019.105449
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clineuro.2019.105449&domain=pdf

Y. Chen, et al.

combined with discography, was then used to assess discogenic LBP. In
this study, we retrospectively analyzed 128 cases by using the classi-
fication described by Weishaupt to investigate whether different extents
of abnormalities affect the clinical outcomes after discectomy.

2. Patients and methods

Weishaupt et al. subdivided endplate and adjacent bone marrow
abnormalities visualized on sagittal MRI into four grades as follows:
none, no evidence of endplate abnormality on both T1- and T2-
weighted images; mild, largest cranial or caudal extent of endplate
abnormality involving < 25% of the vertebral height; moderate, largest
cranial or caudal extent of endplate abnormality involving between
25% and 50% of the vertebral height; severe, largest cranial or caudal
extent <50% of the vertebral height. When an abnormality was present
on both sides of the intervertebral disc, the larger cranial or caudal
extent was used for further evaluation (Fig. 1).

We enrolled 128 patients with endplate changes who met the in-
clusion criteria and underwent discectomy at the First Affiliated
Hospital of Soochow University between December 2010 and December
2014. The patients were divided into three groups according to severity
of endplate changes as follows: group A (mild group) consisted of 33
patients with mild changes; group B (moderate group), 56 patients with
moderate changes; and group C (severe group), 39 patients with severe
changes.

The inclusion criteria were as follows: 1) age from 20 to 55 years; 2)
LBP worse than the leg pain before surgery; 3) history of conservative
treatment (for at least 3 months) without any improvement; and 4)
single segmental disc herniation. The exclusion criteria were as follows:
1) history of abdominal or back surgery; 2) specific spinal disorders
such as scoliosis, spondylolisthesis, lumbar instability, infection, or
tumor; 3) lumbar instability before surgery.

We certify that all applicable institutional and governmental reg-
ulations concerning the ethical use of human volunteers were followed
during the course of this research.

ODI and VAS were used to assess the treatment efficacy.
Preoperative general characteristics and postoperative information at 1
day, 1 month, 12 months, and 36 months after operation were re-
corded. The ODI improvement rate was calculated as ([original
ODI — follow-up ODI]/original ODI). The VAS score improvement rate
was calculated as ([original VAS score — follow-up VAS score]/original
VAS score), and the recurrence rate in 3 years was calculated as (re-
operative patients/total patients). Postoperative flexion-extension
radiography was performed to evaluate the stability changes compared
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Fig. 1. A: Largest cranial or caudal extent of endplate abnormality
involving =25% of the vertebral height as measured on the
midsagittal image. B: Largest cranial or caudal extent of endplate
abnormality involving between 25% and 50% of the vertebral
height measured on the midsagittal image. C: Largest cranial or
caudal extent =50% of the vertebral height as measured on the
midsagittal image.

C

with preoperative stability.

All the patients underwent MRI investigations before surgery to
confirm the diagnosis. The patients were placed in the prone position.
The lamina and ligamentum flavum were exposed. Next, the incision
was oriented laterally and cephalad to advance the laminectomy and
enlarge the approach without progression toward the pars inter-
articularis. The lamina was then partially removed in a proximal di-
rection, and the proximal margin of the ligamentum flavum was ex-
posed. The ligamentum flavum was then gently removed in the
interlaminar space to expose the dural sac and exiting root. Once the
partial laminectomy was performed and hemostasis was achieved, the
underlying disc space, dural sac, and nerve root were readily visible.
The dural sac and exiting nerve root were gently protected and re-
tracted medially by a nerve root retractor. Pituitary rongeurs were then
introduced into the herniated disc space superiorly and inferiorly to
remove all the remaining herniated disc fragments. The remaining
annular attachments were detached using a small-bladed lancet, and re-
exploration of the intervertebral space was performed to remove loose
fragments and complete the discectomy. The dorsal lumbar fascia was
subsequently sutured, and the wound was closed in multiple layers.

Analysis of variance was used to compare the measurement data
among three groups. The chi-square test was used to compare the
enumeration data among the three groups. A p value of < 0.05 was
considered statistically significant. All analyses were performed using
the statistical program SPSS version 20.0 (Microsoft, USA).

3. Results

Seventeen patients dropped out of the follow-up because of un-
foreseen reasons and were thus excluded from this study. Three patients
from the mild group, five from the moderate group, and eight from the
severe group sought a secondary operation for recurrent herniation,
and their ODI and VAS scores before reoperation were considered part
of the latest follow-up. No significant differences in age, sex, BMI, work
labor, smoking, involved segment, and degree of disc herniation were
found among the three groups (p > 0.05; Table 1). At the latest follow-
up, the improvement rates in ODI were 74.7%, 73.6%, and 69.4% in the
mild, moderate, and severe groups, respectively. The improvement
rates in LBP were 63.0%, 60.8%, and 53.9%, respectively, and those in
leg pain VAS score were 67.1%, 65.3%, and 64.1%, respectively. No
significant difference was observed in leg pain among the three groups
(p > 0.05). However, a significant difference was found among the
three groups with respect to ODI and LBP (p < 0.05) (Table 2). The
recurrence rate of disc herniation in the severe group (23.5%) was
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Table 1
Preoperative general characteristics of three groups.
Group A Group B Group C

No. 29 48 34
Male 14 21 14
Age (mean + SD) 38.1(21-48) 36.6(24-49) 39.2(26-52)
Degree of herniation
Protruded 2 2 2
Extruded 13 25 18
Sequestrated 14 21 14
Location, No.
L3-4 3 5 2
L4-5 11 16 14
L5-S1 15 27 18
Smoking 9 14 10
Heavy work 10 17 13
BMI 22.8 = 4.3 21.9 = 3.9 22.3 = 41

Table 2

Preoperative and latest postoperative clinical information of three groups.

Group A Group B Group C

Before surgery
LBP VAS 7.3 £ 21 7.4 £ 25 7.6 = 3.1
Leg Pain VAS 7.6 £ 1.9 7.5 + 1.7 7.8 = 2.0
ODI 332 =79 33.4 = 9.1 33.7 = 10.3
After surgery
LBP VAS 27 £ 1.8 29 = 1.5 3.5 = 1.9
Leg Pain VAS 25 = 1.2 2.6 = 09 28 + 1.1
ODI 8.4 + 21 8.8 + 91 10.3 + 85
* statistically significant difference (p < 0.05).

Table 3

Postoperative clinical information at latest follow-up of three groups.

Group A Group B Group C

Back pain IR 63.0% 60.8% 53.9%
Leg pain IR 67.1% 65.3% 64.1%
ODI IR 74.7% 73.6% 69.4%
Recurrence rate 10.3% 10.4% 23.5%

* statistically significant difference (p < 0.05), IR = improvement rate.

much higher than those in the mild (10.3%) and moderate groups
(10.4%; Table 3). No stability changes were observed in the comparison
between the preoperative and postoperative flexion-extension radio-
graphs.

4. Discussion

The endplate has been reported to be associated with LBP. Our
previous studies identified four different types of endplate lesions
through direct assessments of cadaveric spines, including Schmorl’s
nodes, fractures, erosion, and calcification. The results demonstrated
that endplate lesions were associated with back pain, and due to their
close association with adjacent disc degeneration, presented a clear
dosage effect. Furthermore, different types of endplate lesions appeared
to have different magnitudes of associations with disc degeneration and
LBP [15,16]. The relationship of endplates and discectomy to the pre-
sence of a dosage effect remains unknown.

In the present study, we examined the changes in LBP, disability,
and recurrence rate after discectomy in patients with LDH who had
different degrees of severity of endplate changes on the basis of imaging
studies. Our research showed that the 3-year overall recurrence rate
was 14.4% (16/111 cases), and all the patients underwent a reopera-
tion. The LBP improvement rate in the severe group (53.9%) was sig-
nificantly lower than those in the mild (63.0%) and moderate groups
(60.8%,). The ODI improvement rate showed similar results. However,
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the recurrence rate in the severe group (23.5%) was much higher than
those in the mild and moderate groups (10.3% and 10.4%), although
the difference was not statistically significant. The results showed a
poorer outcome in the patients with severe endplate changes than in the
patients in the other groups.

The lack of resolution of back pain in the group with severe endplate
changes may account for the differences in response to leg pain and
ODI. We performed a detailed physical examination and medical his-
tory taking to exclude osteoarthritis. Cao et al. compared discectomy
and lumbar interbody fusion performed for patients with endplate
changes, and claimed that discectomy could remove the protruding disc
compressing the nerve roots while efficiently releasing the radicular leg
pain [17].

Endplate changes have been reported to be associated with
pathologies such as disruption and fissuring of the endplate with vas-
cular granulation tissue [18]. Inflammatory factors are important
causes of endplate changes and could spread into vertebral cancellous
bone through fissures [19]. A high number of endplate fissures allows
for greater contact of the nucleus pulposus with the vertebral bone
marrow and involves more inflammatory factors, resulting in greater
diffusion through the vertebrae. As the disc itself is avascular, it largely
depends on the nutrients supplied by the cartilaginous endplate; the
vascular channels in the cartilaginous endplate are particularly im-
portant for the nucleus pulposus [7,8]. Endplate defects and in-
flammatory factors could affect the nutrition pathway and could ulti-
mately lead to disc degeneration. Jensen et al. observed that the
likelihood of adjacent disc degeneration is higher when more of the
vertebral endplate signal changes extend into the vertebrae [20]. Se-
vere endplate changes were observed to cause greater damage to disc
nutrition. Thus, the adjacent disc continues to suffer poor nutrition even
after discectomy, as the endplate is not treated.

Lumbar instability may account for the high recurrence rate and
residual back pain in patients with severe endplate changes after dis-
cectomy. Discectomy surgery may influence lumbar stability [21]. The
remaining disrupted disc must continuously bear the weight and sup-
port the trunk for the rest of the patient’s life. Kotilainen et al. de-
monstrated that patients with severely degenerated discs are more
likely to develop lumbar instability after discectomy [22]. As the disc
degeneration progresses from normal to an increasingly severe stage,
the motion of the lumbar spine progresses from a normal to an unstable
phase with higher mobility [23]. Tanaka et al. used 140 cadaveric
lumbar motion segments to examine the grade of disc degeneration in
relation to the segmental motion of the lumbar spine and observed that
greater motion was generally associated with disc degeneration [24].
Hayashi et al. found that translational instability was associated with
severe disc degeneration and suggested that endplate changes played an
important role in spinal instability [25]. Kim et al. examined 153 pa-
tients who underwent microdiscectomy to investigate the risk factors of
recurrent LDH, and the results of a multivariate analysis showed that
segment instability was an independent and the most relevant factor of
recurrent LDH [26]. Limited to a short follow-up, we observed no sta-
bility changes on postoperative flexion-extension radiography. We be-
lieve that discectomy surgery resulted in lumbar instability and led to
recurrence.

5. Conclusions

Discectomy has a marked efficacy, particularly in the relief of ra-
dicular leg pain. However, severe endplate changes result in poor ef-
ficacy and may contribute to poor disc nutrition, and damage the
lumbar stability after discectomy. Thus, for patients with severe end-
plate changes, internal fixation surgery should be considered.

6. Limitations

The present study has some limitations. It was not a randomized
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controlled study, and the number of patients was small. Moreover, we
did not consider the types of endplate changes. This study was a pre-
liminary research with a short follow-up; thus, further investigation is
required to support our hypothesis.
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