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Background: Percutaneous endoscopic interlaminar discectomy (PEID), one of the main techniques of spinal endoscopy, has 
achieved excellent results in treating lumbar disc herniation (LDH). However, its efficacy has not been systematically described in 
patients with LDH accompanied by Modic changes (MC).
Purpose: The purpose of this study was to observe the clinical efficacy of PEID treatment of LDH accompanied by MC.
Patients and Methods: A total of 207 patients who underwent PEID surgery for LDH were selected. According to the existence and 
type of MC on preoperative lumbar magnetic resonance images (MRI), they were divided into normal group (no MC, n=117), M1 
group (MC I, n=23), and M2 group (MC II, n=67). According to the severity of MC, they were divided into MA group (grade A, 
n=45) and MBC group (grade B and C, n=45). The visual analog scale (VAS) score, Oswestry disability index (ODI) score, Disc 
height index (DHI), Lumbar lordosis angle (LL) and modified Macnab criteria were used to assess clinical outcomes.
Results: Postoperative back pain and leg pain VAS scores and ODI scores were significantly improved in all groups compared with 
preoperative scores. Patients with MC showed a deterioration in postoperative back pain VAS scores and ODI scores as time went by, 
and postoperative DHI decreased significantly compared with preoperative. Postoperative LL did not change significantly in each 
group. There was no significant difference in complications, recurrence rate and excellent rate between the groups.
Conclusion: Whether accompanied by MC or not, the efficacy of PEID for LDH was significant. However, postoperative back pain 
and functional status of patients with MC tend to deteriorate as time went by, especially those with type I or severe MC.
Keywords: Modic changes, MC type, MC grade, percutaneous endoscopic interlaminar discectomy, lumbar disc herniation, low back 
pain

Introduction
The incidence of lumbar disc herniation (LDH) has been increasing year by year, and about 10–15% of patients have to 
undergo surgical treatment because conservative treatment is ineffective or pain seriously affects life.1 However, there is 
still considerable controversy regarding the treatment of LDH with Modic changes (MC) in the corresponding 
segment.2,3 MC were abnormal signal changes in the endplate and subendplate bone marrow on magnetic resonance 
imaging (MRI). According to these signal changes and histopathology, MC was divided into three types by Modic 
et al:4,5 In patients with MC I, the endplate-vertebral interface is filled with vascular granulation tissue, which represents 
the inflammatory response of the bone marrow. MC II bone marrow space is replaced by fat. MC III is associated with 
subchondral osteosclerosis. In order to reduce the heterogeneity of the research, Udby et al6,7 proposed that MC grade is 
more clinically meaningful than MC type. According to the proportion of cumulative vertebral body height of MC, the 
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severity is divided into three grades. Current studies generally believe that MC are closely related to low back pain and 
vertebral instability.8 The traditional lumbar fenestration laminectomy surgery will undoubtedly further damage the 
stability of the lumbar spine. Although the fixed fusion surgery can deal with the degenerated endplate and restore the 
stability of the vertebral body, the surgical trauma is relatively destructive, and the changes in postoperative biomecha
nics make adjacent segments degenerate. To make matters worse, Li et al9 found that type II sclerotic MC can affect bone 
fusion in patients undergoing lumbar posterior surgery, Wang et al10 reported that MC increase the risk of Cage sinking. 
Therefore, the treatment of LDH with MC becomes particularly complicated.

Prof. Ruetten proposed percutaneous endoscopic interlaminar discectomy (PEID) in 2006 as a complementary 
procedure to percutaneous endoscopic transforaminal discectomy (PETD), which is more advantageous in treating 
LDH with high ilium and hypertrophic transverse process in the L5-S1 segment.11 PEID, as one of the major minimally 
invasive techniques, resembles the view of traditional open surgery as well as more direct intra-spinal decompression, 
minimizing damage to paraspinal muscle stripping and small joints to maintain spinal stability, and has now been proved 
to have excellent postoperative results and surgical safety.12 With the development of spinal endoscopic instruments and 
the improvement of surgical techniques, PEID is not limited to the treatment of L5-SI segments, and the indications have 
also expanded from a single LDH to lumbar spinal stenosis, lumbar vertebral metastases, lumbar disc cysts and 
reparation of recurrent LDH.13,14 However, its efficacy in LDH with MC has not been systematically described. The 
purpose of this study was to evaluate the clinical effectiveness of PEID treatment for LDH with MC of different types/ 
grades.

Materials and Methods
Patient Selection
The research was in compliance with the Helsinki Declaration. And it was approved by the Ethics Committee of the First 
Affiliated Hospital of Harbin Medical University. 207 patients who underwent PEID surgery at our hospital from 
July 2019 to December 2021 were selected (Figure 1). Inclusion criteria were: (1) significant symptoms of low back 
pain and leg pain; (2) symptoms consistent with imaging; (3) ineffective strictly conservative treatment for >3 months; 

Figure 1 Flow chart for inclusion in the study population.

https://doi.org/10.2147/JPR.S403266                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2023:16 1928

Shi et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(4) if MC were indicated in the endplate, the segment of MC was required to be a single segment and consistent with the 
segment of lumbar disc herniation. Exclusion criteria: (1) multi-segment treated lumbar disc herniation, multi-segment 
MC, and mixed MC; (2) those with previous history of lumbar spine surgery; (3) patients with lumbar degeneration: 
lumbar spine tumor, lumbar spine tuberculosis, etc; (4) lumbar instability and spondylolisthesis; (5) lumbar spinal 
stenosis and scoliosis; (6) extreme lateral disc herniation.

Radiological Evaluation
The lumbar spine MRI evaluation included: MC type, MC grade (Figure 2), MSU Classification, types of lumbar disc 
herniation and Pfirrmann grade of disc degeneration. Sagittal images were imaged with T1-weighted and T2-weighted, 
and axial images were imaged at the level of the herniated lumbar disc segment with T2-weighted. The lumbar spine 
X-ray evaluation included: Disc height index (DHI) and Lumbar lordosis angle (LL) from standing lateral radiographs. 
All Imaging parameters were evaluated twice by two spine surgeons experienced in lumbar imaging reading and three 
times by a third surgeon if there was inconsistency after the second evaluation. The surgeons were blinded to the clinical 
status.

According to the traditional MC classification method:4 we observed whether there are abnormal MRI signal changes 
in the vertebral endplate and subendplate bone, and divided the patients into: normal group (no abnormal signal); M1 
group (MC I signal: low signal in T1 image and high signal in T2 image); M2 group (MC II signal: high signal in T1 
image and mild high signal in T2 image); M3 group (MC III signal: low signal in both T1 and T2 images).

In the same functional spine unit (FSU), the MC grades were classified according to the highest sagittal section of 
MC: Grade A: MC invade <25% of vertebral body height; Grade B: MC invade 25–50% of vertebral body height; Grade 
C: MC invade >50% of vertebral body height. Consider MA as mild MC (Grade A) and MBC as severe MC (Grade 
B and C). Only vertebral marrow signal changes extending from the endplate and involving two or more adjacent sagittal 
slices were classified as MC; very small areas of signal change (<5 mm in diameter) usually occur in the corners of the 
vertebral body and were not classified as MC in this study.15

The degree of intervertebral disc degeneration was graded by Pfirrmann:16 Grades 1 and 2 represent normal disc 
height with clear distinction between the nucleus pulposus and the annulus fibrosus; grade 3 has normal or slightly 
decreased disc height with indistinct distinction between the nucleus pulposus and the annulus fibrosus; grade 4 has 
moderately decreased disc height with loss of distinction between the nucleus pulposus and the annulus fibrosus; and 
grade 5 has collapsed disc with loss of distinction between the nucleus pulposus and the annulus fibrosus.

According to the MSU classification standard,17 the degree and location of intervertebral disc herniation are divided 
into: 2-A, 2-B, 2-AB, 3-A, 3-B, 3-AB. According to types of lumbar disc herniation,18 they are classified into three 
categories: protrusion, extrusion and sequestration.

The DHI was measured as follows:19 the average of the anterior, middle and posterior height of the vertebral space 
was measured as the disc height, and the ratio of the disc height to the sagittal diameter of the superior vertebral body as 

Figure 2 Grade A, B, and C of MC II on T2-weighted sagittal MRI. The blue dashed line represents 25% of the vertebral height; the yellow dashed line represents 50% of the 
vertebral height.
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the DHI. The LL is the angle between the vertical line of the upper edge of the L1 vertebral body and the vertical line of 
the upper edge of the S1 vertebral body on the lumbar lateral radiographs20 (Figure 3).

Surgical Procedures
The patient is placed in the prone position. The puncture entry point is marked approximately 1.0 cm next to the spinous 
process of the lesioned segment. 0.25% lidocaine anesthetizes the skin, subcutaneous tissue, fascia, muscle, small joints 
of the lumbar spine, and ligamentum flavum layer by layer. The sharp blade makes a skin incision approximately 1.0 cm 
long at the puncture site and incises the subcutaneous and fascia in sequence. Next place the working channel and 
endoscope. After endoscopic removal of part of the lamina and ligamentum flavum to access the spinal canal and 
removal of part of the epidural fat, the dural sac and nerve roots are exposed, and a nerve probe is used to confirm the 
location of the nerve roots and their relationship to the adjacent tissues, and to release the adhesions around the nerve 
roots and dural sac. 3–5 mL of 1.33% lidocaine is injected into the epidural space, and shortly after induction of 
anesthesia, the working channel is rotated to gently push the nerve root medially to reveal the herniated disc and remove 
the herniated nucleus pulposus, and some of the degenerated nucleus pulposus within the disc. The operation was 
completed after adequately decompressing the nerve root, stopping bleeding, probing for decompression, and suturing the 
incision (Figure 4).

Follow-Up of Postoperative Outcomes
Patients were followed up by telephone and outpatient visits at 3 months, 6 months, and 1 year after surgery. Visual 
analog scale (VAS) was used to assess changes in patients’ low back and lower extremity pain. The Oswestry 
Dysfunction Index (ODI) was used to assess the improvement of patients’ functional impairment. The imaging para
meters were measured by picture archiving and communication system (PACS, version 4.1.5.1). The modified Macnab 
criteria were used to assess the excellent rate at the last follow-up. A period of pain-free remission of at least 6 months 
with re-protrusion of the same segment ipsilaterally or contralaterally is considered a recurrence.

Figure 3 (a)= anterior disc height; (b)= middle disc height; (c)= posterior disc height; (d)= sagittal diameter of the overlying vertebral body; (e)= the vertical line of the 
upper endplate of the S1 vertebral body; (f)= the vertical line of the upper endplate of the L1 vertebral body. Disc height index (DHI)= [(a+b+c)/3]/d; Lumbar lordosis angle 
(LL) =The angle between line e and line f.
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Statistical Analysis
In this study, SPSS 26.0 software was used for statistical analysis of the data. Measurement data were expressed as x� s. 
For measurement data that followed a normal distribution and had homogeneity of variance, t-tests or one-way ANOVA 
were used; otherwise, non-parametric tests were used. Count data were analyzed using chi-square tests or Fisher’s exact 
probability tests. A P-value of less than 0.05 was considered statistically significant.

Results
Demographic Characteristics
A total of 207 patients were included in this study. Patients were divided into groups according to preoperative MRI 
evaluation results: with 117 cases in the normal group, 23 cases in the M1 group, and 67 cases in the M2 group. 5 cases 
exhibited MC III signal and were excluded from the study for the time being because the sample size was too small. 
According to the grade of MC, 45 cases were divided into mild MA group and 45 cases in the moderate-severe MBC 
group. There was no statistical difference between the groups in terms of general clinical information in the perioperative 
period (Table 1 and Table 2).

Table 1 Preoperative Demographic Characteristics of Patients in the Normal, M1, and M2 Groups

General Characteristics Normal Group M1 Group M2 Group F/X2 P value

Numbers 117 23 67 – –

Age (years) 42.83±15.22 46.57±11.91 46.64±12.35 1.864 0.158

Male/female 68/49 9/14 31/36 4.162 0.125

Smoking (%) 17 (14.53) 5 (21.74) 12 (17.91) 1.097 0.561

Drinking (%) 8 (6.84) 2 (8.70) 6 (8.96) 0.549 0.746

Hypertension (%) 13 (11.11) 4 (17.39) 7 (10.45) 1.064 0.632

Diabetes (%) 6 (5.13) 2 (8.70) 4 (5.97) 0.838 0.751

Body mass index (kg/m2) 24.97±3.46 25.18±3.54 24.76±3.74 0.138 0.871

Duration of symptoms (month) 15.93±12.47 17.22±10.88 18.09±13.1 0.649 0.523

Operation time (min) 65.17±10.27 61.09±10.55 65.60±8.98 1.911 0.151

(Continued)

Figure 4 A 40-year-old woman complained of low back pain with radiating pain in her right leg. Preoperative MRI showed L4-5 disc herniation with grade B, MC II signal. (A) 
Preoperative T1-weighted sagittal view, (B) T2-weighted sagittal view, (Bi) L5 vertebral body height, (Bii) maximum MC height, (25%<a/b<50%). (C) L4-5 T2-weighted axial 
position view, (D) partial removal of the ligamentum flavum and the vertebral plate with gun forceps, (E) the prominent nucleus pulposus was revealed, (F) the granulation tissue and 
vascular infiltrated nucleus pulposus were removed, (G) the dura and nerve roots were adequately decompressed, (H) the postoperative L4-5 T2-weighted axial view.
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Table 1 (Continued). 

General Characteristics Normal Group M1 Group M2 Group F/X2 P value

Segment: L2-3/L3-4/L4-5/L5-S1 1/4/64/48 1/0/10/11 0/1/33/34 5.14 0.494

Pfirrmann:2/3/4/5 2/43/66/6 0/3/17/3 0/15/47/5 10.303 0.075

MSU

2-A 14 3 9 6.588 0.756

2-B 41 7 25

2-AB 55 9 27

3-A 1 0 1

3-B 2 1 1

3-AB 4 3 4

Protrusion/extrusion/ 
sequestration

89/24/4 13/9/1 52/11/4 5.874 0.182

Table 2 Demographic Characteristics of the MA and MBC Groups

General Characteristics MA Group MBC Group F/X2 P value

Numbers 45 45 – –

Age (years) 46.62±13.22 46.62±11.18 0.418 1

Male/female 19/26 21/24 0.18 0.671

Smoking (%) 8 (17.78) 9 (20) 0.073 0.788

Drinking (%) 2 (4.44) 6 (13.33) – 0.266

Hypertension (%) 3 (6.67) 8 (17.78) 2.589 0.108

Diabetes (%) 2 (4.44) 4 (8.89) – 0.677

Body mass index (kg/m2) 24.80±4.00 24.94±3.36 0.954 0.86

Duration of symptoms (month) 16.27±12.67 19.47±12.30 0.001 0.227

Operation time (min) 65.11±10.74 63.78±8.27 3.667 0.511

Segment: L2-3/L3-4/L4-5/L5-S1 0/1/17/27 1/0/26/18 5.512 0.071

Pfirrmann:2/3/4/5 0/11/30/4 0/7/34/4 1.186 0.579

MSU

2-A 5 7 2.179 0.915

2-B 16 16

2-AB 20 16

3-A 0 1

3-B 1 1

3-AB 3 4

Protrusion/extrusion/ 
sequestration

34/9/2 31/11/3 0.619 0.755
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Clinical Outcomes
Improvement in VAS scores for low back pain: All patients showed significant improvement in VAS scores for 
low back pain at all postoperative time periods compared to preoperative. The VAS scores for low back pain in 
the normal group gradually decreased from 5.06±1.07 preoperatively to 1.20±0.77 at one year postoperatively. 
The VAS scores for low back pain in the M1 group decreased from 5.35±1.20 preoperatively to 2.13±0.69 at 6 
months postoperatively and increased again to 2.3±0.88 at one year postoperatively. The VAS scores for low back 
pain in the M2 group decreased from 5.10±1.22 preoperatively to 2.1±0.84 at 3 months postoperatively and no 
significant change was observed at the subsequent follow-up. There was a significant difference in VAS scores for 
low back pain between the normal, M1, and M2 groups at 1 year postoperatively (P<0.001), and a two by two 
comparison: There was a significant difference between the normal group and the M1 group (P<0.001) and 
between the normal group and the M2 group (P<0.001), while there was no significant difference between the M1 
group compared with the M2 group (P=0.456). In the MA group, the VAS scores for low back pain decreased 
from 5.13±1.10 preoperatively to 1.84±0.67 at 6 months postoperatively and did not change significantly at the 
subsequent one-year follow-up. The VAS scores for low back pain in the MBC group decreased from 5.20±1.32 
preoperatively to 2.20±0.87 at 3 months postoperatively and increased again to 2.33±0.77 at the 1-year post
operative follow-up. There was a significant difference in VAS scores for low back pain between the MA and 
MBC groups at 6 months postoperatively (P=0.013) and at 1 year postoperatively (P=0.006).

Improvement in VAS scores for leg pain: All patients showed significant improvement in VAS scores for leg pain 
at all postoperative time periods compared to preoperative time. The VAS scores for leg pain of the normal, M1, and 
M2 groups gradually decreased from 6.70±1.23, 6.96±1.40, and 6.88±1.25 before surgery to 0.81±0.78, 1.13±0.69, 
and 1.00±0.67 one year after surgery, and there was no statistical difference between the various time periods. The 
VAS scores for leg pain of MA and MBC groups decreased from 6.78±1.17 and 7.02±1.39 preoperatively to 0.93 
±0.75 and 1.13±0.59 one year postoperatively, and there was no statistical difference between the various time 
periods.

Improvement in ODI scores: The ODI scores of each group of patients at different follow-up time points were 
normally distributed. Analysis of variance was used to compare the data between groups, and t-tests were used to 
compare the data within groups. All patients showed significant improvement in ODI scores at all postoperative time 
periods compared to preoperative time. The ODI scores in the normal group gradually decreased from 57.37±8.44 
preoperatively to 11.41±5.14 at one year postoperatively. The ODI in the M1 and M2 groups decreased from 59.57±9.16 
and 57.84±10.04 preoperatively to 15.13±4.55 and 14.30±4.41 at 6 months postoperatively and increased again to 24.09 
±8.37 and 22.19±6.32 at one year postoperatively. There was a significant difference in ODI scores between the normal, 
M1, and M2 groups at 1 year postoperatively (P<0.001), and a two by two comparison: There was a significant difference 
between the normal group and the M1 group (P<0.001) and between the normal group and the M2 group (P<0.001), 
while there was no significant difference between the M1 group compared with the M2 group (P=0.57). The ODI scores 
in the MA and MBC groups decreased from 57.71±10.73 and 58.84±8.87 preoperatively to 13.51±4.48 and 15.51±4.20 at 
6 months postoperatively, and then increased to 20.38±5.48 and 24.98±7.44 at 1 year postoperatively. The ODI scores in 
the MA and MBC groups were significantly different at 6 months (P=0.032) and 1 year postoperatively (P=0.001) 
(Tables 3, 4 and Figure 5).

Changes in imaging parameters: There were no significant difference in DHI between the groups before 
surgery. At the final follow-up, DHI decreased in each group compared with that before surgery: there was no 
significant difference in DHI in the normal group compared with that before surgery, and there was a statistically 
significant decrease in DHI in patients with MC compared with that before surgery (P < 0.05). At the final follow- 
up, DHI was significantly lower in the MBC group than in the MA group (P < 0.05), while there was no statistical 
difference between the normal, M1, and M2 groups. There were no significant differences in LL among groups 
before surgery. At the last follow-up, there were no statistically significant differences in LL compared to 
preoperative values within each group, and no statistically significant differences were found among the groups.

Journal of Pain Research 2023:16                                                                                                     https://doi.org/10.2147/JPR.S403266                                                                                                                                                                                                                       

DovePress                                                                                                                       
1933

Dovepress                                                                                                                                                               Shi et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Complications
There were 11 patients presented with transient postoperative sensory disturbances, 6 cases in the normal group, 1 case in 
the M1 group, and 4 cases in the M2 group. There were 2 cases presented dural sac rupture, 1 case in normal group and 1 
case in M2 group. There was 1 case of epidural hematoma in the normal group. The complication rates in the normal, M1 
and M2 groups were 11.11%, 13.04% and 14.93%, respectively. The complication rates in the MA and MBC groups were 
11.11% and 17.78%, respectively. There was no statistical difference in the incidence of complications between the 
different types and grades of groups. No cases of intervertebral space infection or nerve root injury were found.

Recurrence
There were 3 patients who suffered from recurrence in the normal group, 2 patients suffered from recurrence in the M1 
group, and 4 patients suffered from recurrence in the M2 group. The recurrence rates were 2.56%, 8.70%, and 5.97%, 
respectively. There were 2 cases of recurrence in the MA group and 4 cases in the MBC group, with recurrence rates of 
4.44% and 8.89%, respectively. At the final follow-up, there was no statistical difference in the recurrence rate between 
the different types and grades of groups (Table 5).

Table 3 Preoperative and Postoperative VAS and ODI Scores in the Normal, M1, and M2 Groups

Clinical Outcomes Normal Group M1 Group M2 Group H/F P value

VAS Back

Preop 5.06±1.07 5.35±1.20 5.10±1.36 1.204 0.539

3 months 2.01±0.91* 2.22±0.90* 2.10±0.84* 1.211 0.537

6 months 1.80±0.82* 2.13±0.69* 2.00±0.74* 4.605 0.082

1 year 1.20±0.77* 2.30±0.88* 2.03±0.80* 13.816 <0.001

VAS Leg

Preop 6.70±1.23 6.96±1.40 6.88±1.25 1.386 0.511

3 months 1.29±0.87* 1.52±0.51* 1.42±0.53* 3.219 0.210

6 months 0.91±0.74* 1.22±0.67* 1.12±0.69* 5.992 0.053

1 year 0.81±0.78* 1.13±0.69* 1.00±0.67* 4.605 0.080

ODI

Preop 57.37±8.44 59.57±9.16 57.84±10.04 0.568 0.568

3 months 18.14±6.04* 19.39±5.98* 19.18±4.81* 0.966 0.382

6 months 12.92±4.87* 15.13±4.55* 14.30±4.41* 2.946 0.055

1 year 11.41±5.14* 24.09±8.37* 22.19±6.32* 91.894 <0.001

DHI (%)

Preop 25.78±4.62 23.81±5.97 25.04±3.87 1.993 0.139

Last follow-up 25.71±4.78 23.44±5.71* 24.79±3.86* 2.621 0.075

LL (°)

Preop 38.11±10.04 37.97±9.27 38.07±10.07 0.002 0.998

Last follow-up 36.91±10.49 34.91±8.96 36.19±8.05 0.451 0.638

Note: *Compared with Preop, P< 0.05.
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E/G Rate
In the final follow-up, according to the modified MacNab criteria, the percentages of excellent and good results in the 
normal, M1, and M2 groups were: 93.16%, 82.61%, and 83.58%, respectively. The percentages of excellent and good in 
the MA and MBC groups were: 88.89% and 77.78%, respectively. There was no statistical difference in the percentages 
of excellent and good between different types and grades of groups.

Discussion
MC is not uncommon in patients with LDH, about 19–59%,21 and up to 43.48% in this study, and the data of the 
frequency and distribution of MC are consistent with previous findings.22 PEID causes less damage to the paravertebral 
muscles, the small joints are preserved to some extent, the herniated discs are removed without destabilizing the spine, 
the nerve roots are sufficiently decompressed with or without MC, and the VAS scores for leg pain is similarly improved 
with no trend of deterioration.

The mechanism of MC occurrence is mainly closely related to biomechanical and biochemical alterations, the 
alteration of local stress in the endplate leads to microfracture of the endplate and subendplate bone, forming local 
inflammation, and the nucleus pulposus contacts the circulatory system through the ruptured endplate, producing 

Table 4 Preoperative and Postoperative VAS and ODI in the MA and MBC Groups

Clinical Outcomes MA Group MBC Group Z/t P value

VAS Back

Preop 5.13±1.10 5.20±1.32 −0.259 0.796

3 months 2.07±0.84* 2.20±0.87* −0.743 0.460

6 months 1.84±0.67* 2.22±0.74* −2.485 0.013

1 year 1.87±0.81* 2.33±0.77* −2.751 0.006

VAS Leg

Preop 6.78±1.17 7.02±1.39 −0.901 0.368

3 months 1.38±0.53* 1.44±0.50* −0.605 0.544

6 months 1.09±0.76* 1.20±0.59* −0.778 0.441

1 year 0.93±0.75* 1.13±0.59* −1.403 0.163

ODI

Preop 57.71±10.73 58.84±8.87 −0.546 0.586

3 months 18.47±5.40* 20.00±4.71* −1.435 0.155

6 months 13.51±4.48* 15.51±4.20* −2.185 0.032

1 year 20.38±5.48* 24.98±7.44* −3.337 0.001

DHI (%)

Preop 25.64±4.26 23.80±4.57 1.977 0.051

Last follow-up 25.37±4.33* 23.53±4.35* 2.006 0.048

LL (°)

Preop 38.22±10.07 37.87±9.68 0.169 0.866

Last follow-up 37.12±8.90 34.61±7.44 1.451 0.150

Note: *Compared with Preop, P < 0.05.
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inflammatory mediators and exacerbating local inflammation of the endplate.23–26 MC I is considered to be an acute- 
subacute repair response to vertebral bone marrow injury with a more severe inflammatory response.27–29 It has been 
reported that MC I and II have an increased density of sensory nerve fibers in the endplates, bone marrow and annulus 
fibrosus compared to normal subjects.28,30 It has also been reported that patients with MC are closely related to lumbar 
instability.31 All of the above may be the source of low back pain in patients with MC. However, this does not appear to 
be the primary cause of back pain in LDH patients with MC. Our findings showed no significant difference in 
preoperative low back pain whether accompanied by MC or not, and surprisingly, similar relief of short-term post
operative low back pain is achieved without treatment of the endplate. This is similar to the results of a prospective study 
by Ohtori et al,2 who performed discectomy without fusion in patients with LDH, patients with and without Modic type 1 
changes showed a similar improvement in the low back pain score, that lower back pain appears to mainly originate from 
disc or nerve root compression. Therefore, the author believes that PEID can achieve good postoperative results even in 
the presence of MC. A retrospective study by Xu et al32 showed that postoperative back pain and functional status tended 

Figure 5 Clinical outcomes of each group at different follow-up time points. (A) VAS scores for low back pain in the normal, M1 and M2 groups. (B) VAS scores for leg pain 
in the normal, M1 and M2 groups. (C) ODI scores in the normal, M1 and M2 groups. (D) VAS scores for low back pain in the MA and MBC groups. (E) VAS scores for leg 
pain in the MA and MBC groups. (F) ODI scores in the MA and MBC groups.

Table 5 Complications and Recurrences

Normal Group M1 Group M2 Group X2 P value MA Group MBC Group X2 P value

Any adverse event (%) 8 (6.84) 1 (4.35) 5 (7.46) 0.183 1 3 (6.67) 3 (6.67) – 1

Dural tear 1 0 1 1 0

Transient dysesthesia 6 1 4 2 3

Extradural hematoma 1 0 0 0 0

Recurrences (%) 3 (2.56) 2 (8.70) 4 (5.97) 2.843 0.191 2 (4.44) 4 (8.89) – 0.677
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to worsen over time in patients with LDH with MC treated by PETD, especially with MC I. The results of this study 
showed that patients with MC had a deterioration trend in low back pain scores and lumbar spine function from 6 months 
to 1 year postoperative follow-up, which is possibly related to untreated lesion endplates.

There is increasing evidence suggesting that the size and structure of MC correlate with low back pain and the degree 
of degeneration.33–35 A retrospective study by Udby et al,7 in which patients with LDH with various severity of MC were 
evaluated preoperatively, concluded that MC grade was significantly associated with more severe disability and reduced 
health-related quality of life. Our results showed no significant differences in efficacy indicators between MC of different 
types at all postoperative time periods. While MC with different grades showed significant differences in back pain relief 
and lumbar spine functional recovery at 6 months-1 year postoperatively, severe MC with significantly higher post
operative back pain scores and ODI scores than mild MC. The authors suggest that (1) vertically larger MC is more 
prevalent in MC I. In this study, MC I accounted for 8.89% in the MA group and up to 40% in the MBC group. (2) The 
vertebrobasilar nerve enters the vertebral body from the foramen of the vertebrobasilar vein and branches uniformly to 
the upper and lower vertebral bodies to innervate the bony endplates. The larger the vertical MC is, the more 
inflammatory factors stimulate the nerves in the sagittal plane. (3) With vertically larger MC, the greater the endplate 
involvement tends to be, the more nerves are stimulated by inflammatory factors in the cross-sectional plane. In this 
study, MC that invaded the anterior-posterior diameter of the endplate accounted for 13.33% in the MA group and up to 
35.56% in the MBC group. The above is also consistent with the views of Mättä36 and Saukkonen et al,37 which may 
explain the relatively poor outcome after surgery with severe MC.

It is generally believed that the loss of disc height is closely related to disc degeneration. The results of this study 
showed that the patients with MC had a statistically significant decrease in DHI at the last follow-up, indicating that the 
patients with MC might have continuous disc degeneration after PEID. At the last follow-up, there was no statistical 
difference in DHI between the normal group, M1 group, and M2 group, while the DHI of the MBC group was 
significantly lower than that of the MA group, which may indicate that the MBC group had more severe disc 
degeneration. Some scholars believe that the decrease or disappearance of lumbar lordosis is a sign of spinal instability, 
which can lead to chronic low back pain.38,39 In this study, there was no statistical difference in LL between each group 
at the last follow-up compared with before surgery, and there was no statistical difference in LL between each group of 
patients. This suggests that PEID has no significant effect on spinal stability, even in patients with MC. Therefore, we 
believe that for patients with LDH accompanied by MC, postoperative residual low back pain may be caused by residual 
MC, and the aggravation of postoperative low back pain may also be related to persistent disc degeneration. However, for 
LDH mainly manifested as radicular pain, solving the pain stimulation caused by disc protrusion may be the primary 
consideration. Studies have shown that postoperative transient sensory disturbance is a common complication of 
percutaneous endoscopic lumbar discectomy (PELD),40,41 accounting for approximately 5%-15%, with the incidence 
of 5.31% shown in the results of this study. It may be due to the compression of the dorsal root nerve by the placement of 
the working channel, the pulling of the nerve root as it is pushed toward the midline, and the electrical stimulation of the 
nerve root by the radio frequency tip. A total of 2 cases of dural sac tears were observed, 1 case of accidental injury by 
scissors of the ligamentum flavum in the normal group and the other case was a tear caused by stripping the epidural 
adhesions in the M2 group, and fluid gelatin was finally injected, and no cerebrospinal fluid leakage or other adverse 
effects were observed after surgery. One 32-year-old male patient presented epidural hematoma on the first 
postoperative day, and the hematoma was again removed endoscopically via the posterior approach and a drainage 
tube was placed, and the patient’s symptoms were relieved immediately after surgery. No significant differences in 
postoperative complications were observed between the various groups.

In a meta-analysis by Brooks et al,42 MC was one of the predictors of recurrent lumbar disc herniation. In 
a prospective study by Kim et al,43 MC was shown to be a risk factor for early recurrence of percutaneous endoscopic 
lumbar discectomy. In this study, the recurrence rate of patients with concomitant MC was significantly higher than the 
normal group, although there was no statistical difference in the results. In surgery for combined MC, the removed 
nucleus pulposus often contained detached cartilage endplates and was less sticky and elastic. In patients with recurrence 
of combined MC who underwent surgery again, the reherniated disc often contained endplate components, and this may 
be one of the reasons for the relatively high recurrence rate of combined MC patients. It has been suggested that the 
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recurrence rate can be reduced by removing the protruding disc from the fibrous ring rupture to avoid further damage to 
the normal fibrous ring and then using bipolar radiofrequency electrocoagulation to shrink the fibrous ring rupture.44,45

This study is the first to systematically describe the postoperative efficacy and characteristics of PEID for LDH with 
different MC grades/types, and it was found that MC severity had a more significant effect on clinical outcomes. As with 
any clinical study, our study has limitations: due to the small number of MC patients, further grading of each type of MC 
was not performed and was not compared with other surgical. In future studies, it is recommended to refine the 
phenotypes of MC and to validate the findings of existing studies with multicenter, large sample and multilevel 
prospective studies, with the aim of obtaining higher quality evidence-based medicine and providing better guidance 
to clinical practice.

Conclusion
The efficacy of PEID in treating patients with lumbar disc herniation with or without MC is remarkable, and the surgery 
is safe and reliable. MC affects the improvement of low back pain and lumbar spine function after PEID, especially MC 
I or severe MC. In patients with MC, the choice of surgery should be carefully considered, not only the MC type but also 
the MC grade.

Abbreviations
PEID, Percutaneous endoscopic interlaminar discectomy; PTED, Percutaneous transforaminal endoscopic discectomy; 
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