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Introduction: Herniations of the intervertebral disc into the vertebral body, known as Schmorl’s nodes (SNs), are frequently 
associated with degenerative disc disease (DDD). Painful SNs can contribute to discogenic lower back pain associated with DDD. 
Studies show that percutaneous endoscopic lumbar discectomy (PELD) yields favorable treatment outcomes for degenerative spinal 
diseases. This study retrospectively evaluated the efficacy of PELD in treating painful SNs.
Objective: To evaluate the clinical efficacy and safety of PELD in treating patients with painful SNs.
Methods: From February 1, 2020, to February 1, 2023, 13 patients with discogenic back pain from painful SNs (confirmed via 
intraoperative discography) who underwent single-level PELD at the index SN level were enrolled in the current study. Clinical data 
were retrospectively analyzed. Outcome measures, including the visual analog scale (VAS) for back pain and the Oswestry Disability 
Index (ODI), were recorded preoperatively and at 1 day, 6 months, and 12 months postoperatively. MRI scans of the lumbar region for 
all patients were evaluated preoperatively and again at the one-month follow-up.
Results: All 13 patients were successfully treated with percutaneous endoscopic lumbar discectomy (PELD), showing significant post
operative improvements in VAS and ODI scores. Postoperative lumbar MRI revealed degenerative disc material in the SN cavities, which was 
removed using PELD. No surgical issues such as infections or nerve root damage, were noted.
Conclusion: Postoperative MRI confirmed the removal of degenerative disc material, reinforcing PELD’s efficacy in treating the 
pathological changes associated with painful SNs. No surgical complications, such as infections or nerve root damage, were seen, 
underscoring the safety of PELD. This study demonstrates that PELD effectively manages discogenic lower back pain caused by SNs.

Plain Language Summary:  
New knowledge added by this study 

● This study presents preliminary evidence supporting a minimally invasive surgery called PELD for painful Schmorl’s nodes.
● By using postoperative MRI, this study is the first to confirm that the damaged disc material can be removed through this method.
● The study also provides early evidence of symptom relief lasting up to 27 months.
Implications for clinical practice or policy 

● PELD may be a safe and effective option for patients with Schmorl’s node-related back pain who do not improve with other 
treatments.

● MRI and discography can help identify patients who may benefit from this approach.
● These findings may support wider use of PELD and reduce the need for open surgery in select cases.
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Introduction
Lower back pain is a widespread and significant clinical issue, with an approximate incidence of 80% in adults.1 Multiple 
studies have established that degenerative disc disease (DDD) and lumbar disc herniation are among the most prevalent 
causes of lower back pain.2,3

In 1927, Christian Georg Schmorl first described Schmorl’s nodes (SNs) as the protrusion of disc material past the 
endplate into the vertebral body. SNs are benign lesions with prevalence rates ranging from 2% to 76%.4,5

Although Schmorl’s nodes (SNs) are commonly asymptomatic incidental findings, their association with back pain 
remains controversial.6,7 Recent studies suggest that symptomatic SNs are often accompanied by MRI-detectable features 
such as adjacent bone marrow edema and Modic-type endplate changes.8–10 These pathological findings may reflect 
subchondral endplate microfractures and local inflammation, activating nociceptors and contributing to discogenic lower 
back pain.11 Previous studies have indicated an association between the presence of SNs and DDD, potentially leading to 
discogenic lower back pain. However, the exact correlation between radiographic alterations and spinal pathology remains 
contentious.12,13 Discogenic lower back pain originates from degenerative disc material produced by internal disc disruption. 
Neural ingrowth into the nucleus pulposus occurs through radial fissures in the degenerated disc. This process is accompanied 
by the release of pain-related inflammatory mediators and cytokines, including tumor necrosis factor (TNF), substance P, and 
interleukins.14,15 Studies have suggested that endplate impairment by SNs is an important cause of discogenic pain.16

Discography is the definitive method for diagnosing discogenic lower back pain, with positive discography eliciting 
concordant lower back pain by injecting a contrast agent into the disc.17 Discogenic lower back pain associated with 
sacral nerves is highly suspected when magnetic resonance imaging (MRI) reveals Modic-I changes—characterized by 
reduced signal intensity on T1-weighted images (T1WI) and increased signal intensity on T2-weighted images (T2WI) in 
the endplate adjacent to the SNs. This suspicion is further confirmed when discography elicits concordant lower back 
pain in the index segment containing the SNs.18

SNs can cause a unique discogenic back pain that is refractory to conservative treatment for at least 3 months, and 
surgical interventions are required. Improvements have been reported for SNs using surgical treatment, including lumbar 
interbody fusion, spinal decompression, and disc block, but all were limited to small sample sizes or case reports.19,20

Minimally invasive procedures have demonstrated that percutaneous endoscopic lumbar discectomy (PELD) offers 
superior treatment outcomes compared to open surgery for degenerative spinal disease.21,22 To date, only a few studies 
have reported on the use of minimally invasive surgeries for painful SNs. Therefore, the aim of this study was to evaluate 
the clinical efficacy and safety of PELD in the treatment of discogenic lower back pain caused by painful SNs confirmed 
by intraoperative discography and MRI findings.

Materials and Methods
Patient Population
A retrospective assessment was performed on 13 patients with problematic sacral nerve roots who had single-level 
percutaneous endoscopic lumbar discectomy utilizing the Yeung Endoscopic Spine System (Joimax GmbH Instrument Co.) 
from February 1, 2020, to February 1, 2023. (Figures 1–3).

Ethics Approval
The study and the protocol were approved by the Ethics Committee of Beijing Chao-Yang Hospital, Capital Medical 
University (2024-5-16-3) on May 16, 2024. The requirement for individual informed consent was waived due to the 
retrospective nature of the study and the use of anonymized patient data. All patient information was handled in accordance 
with the principles of the Declaration of Helsinki and institutional data protection policies to ensure confidentiality.

Inclusion and Exclusion Criteria
Criteria for participation in the study were as follows: (1) patients with back pain unresponsive to conservative treatment for at 
least 3 months; (2) patients with a visual analog scale (VAS) score of 7 or higher; (3) Spine MRI demonstrates a spinal 
neoplasm in the lumbar vertebral body, exhibiting low signal intensity at the endplate on T1-weighted imaging and high signal 

https://doi.org/10.2147/JPR.S538503                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Pain Research 2025:18 5058

Ding et al                                                                                                                                                                            

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



intensity on T2-weighted imaging in the endplate; (4) preoperative lumbar computed tomography (CT) showing an SN located 
in the posterior one-third of the endplate in the lumbar spine; (5) treatment involving PELD alone; (6) discography confirming 
concordant pain at the index level with the SN; (7) systematic post-discharge follow-ups.

The exclusion criteria were delineated as follows: (1) multilevel DDD with discogenic back pain, confirmed by spine 
MRI and discography; (2) spinal CT and MRI revealing an alternative cause of lower back pain, including lumbar spinal 
stenosis, spinal disc herniation, spinal fractures, or malignant spinal lesions; (3) spondylolisthesis, scoliosis, and other 
spinal deformities; and (4) discography showing negativity at the index level.

Surgical Procedure
Patients suspected of having discogenic back pain caused by painful SNs underwent initial discography. Patients with 
positive discography findings proceeded to surgery. All surgical procedures were performed by a proficient spinal 
surgeon. The patients were positioned in a prone orientation on a Jackson table using the Yeung Endoscopic Spine 
System for PELD. The surgical site was sterilized and appropriately draped. The entry point was located 8–13 cm lateral 
to the spinal midline, with an entry angle of 20°–30° from the horizontal plane. The specific distance and entry angle 
depended on the patient’s size, surgical level, and preoperative radiographic examination. Lidocaine (0.5%) was 
administered subcutaneously and into the musculoaponeurotic layer. After injecting the local anesthetic, an 18-gauge 
spinal needle was introduced through the fibrous annulus into the nucleus pulposus under fluoroscopic supervision. 
Discography was performed using contrast media. A positive result on discography was defined as an examination that 
reproduced concordant lower back pain (Figure 4).

Patients with positive discography results underwent PELD. A guidewire was introduced through an 18-gauge spinal 
needle into the disc material, targeting the SN. The spinal needle was subsequently withdrawn, and a minor skin incision 
was made. A series of four obturators was introduced over the guidewire at the incision site. The local anesthetic of the 
facet joint was injected with 10 mL of lidocaine (0.5%). A tapered, cannulated obturator was subsequently inserted along 
the guidewire, targeting the disc material near the SN, and a portion of the articular process was excised using the tapered 
edge of the obturator. Upon insertion of the obturator into the disc and alignment with the SN cavity, a bevel-ended, oval- 

Figure 1 Preoperative anteroposterior plain (A) and lateral plain (B) X-rays of the lumbar spine showed lumbar degenerative changes and features of Baastrup’s disease.

Journal of Pain Research 2025:18                                                                                                     https://doi.org/10.2147/JPR.S538503                                                                                                                                                                                                                                                                                                                                                                                                   5059

Ding et al

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



shaped working cannula was introduced alongside the obturator, and an endoscope was inserted via the cannula. With the 
assistance of endoscopic instruments and bipolar radiofrequency, the blue-stained intervertebral disc material inside and 
around the SN cavity was removed. Once the disc material was completely removed, bipolar radiofrequency ablation 
(RFA) was performed on the vertebral endplate surrounding the SN to achieve denervation. A bipolar radiofrequency 
probe (MC301, BONSS) was used with a power setting of 23 W in COAG mode for 3–4 seconds per target site. The 
endoscope was then removed, and an intradiscal block was performed by administering 0.5% lidocaine and betametha
sone through the working channel toward the disc. The working channel was withdrawn, and the incision was sutured.

Figure 2 Preoperative coronal (A), sagittal (B), and axial (C and D) plain CT images of the lumbar spine showed SNs in the posterior third of the superior endplate of L2.
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Clinical Evaluation
Most patients were encouraged to initiate ambulation under lumbar orthosis support 4–6 h after surgery. Ambulation was 
deferred to the second postoperative day in elderly individuals, those with significant comorbidities (eg, diabetes mellitus or 
cardiovascular disease), or those exhibiting delayed postoperative recovery. All patients achieved an uneventful recovery without 
major complications and were discharged within 24–48 h post-operatively. VAS scores for lower back pain, ODI scores, and 
Modified MacNab criteria were recorded preoperatively, postoperatively, and at follow-up intervals (day 1; months 1, 6, and 12; 
and final follow-up) via outpatient clinic visits and telephone questionnaires. All patients underwent lumbar MRI before surgery 
and during the one-month follow-up to verify that the degenerative disc material within and around the cavity of the SNs was 
predominantly excised (Figure 5).

Data Analysis
The evaluation of clinical data was conducted utilizing SPSS software (version 23.0, SPSS Inc., Chicago, IL, USA). 
Continuous variables were expressed as the mean ± standard deviation (SD), whereas categorical data were shown as 
frequencies (%). To compare the VAS and ODI values across different time intervals (both pre- and postoperatively), 
a paired t-test was employed. A p-value of less than 0.05 was considered statistically significant.

Result
Baseline Data
From February 2020 to February 2023, a total of 13 individuals (5 males and 8 females) suffering from discogenic lower 
back pain attributed to SNs and who had undergone single-level PELD were included in the study. The mean age of the 
patients during the surgical procedure was 52.54 years, varying between 43 and 66 years, and the average follow-up 
period lasted 20.62 months, with a range from 15 to 27 months.

Figure 3 Pre-operation sagittal MRIs showed a large SN at the superior endplate of L2 on T1WI, T2WI, and fat-suppression sequences (A–C) with abnormal signal intensity.
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Surgical Dates
All patients were treated by an experienced surgeon, with a mean surgical duration of 61 minutes (range 45–85 minutes). 
For all surgical levels, PELD was performed 3 times at L2-3, 3 times at L3-4, five times at L4-5, and two times at L5-S1 
(Table 1).

Of the 13 included patients, one (7.7%) underwent revision surgery 13 months postoperatively. The patient 
complained of lower back pain without significant relief after the primary PELD. MRI at 13 months postoperatively 
showed an increase in the size and signal intensity of the SNs on T2-weighted imaging (T2WI). In this case, lower back 
pain was relieved after a secondary posterior lumbar interbody fusion (PLIF). No infections, recurrent lumbar disc 
herniation (LDH), nerve root injuries, or other complications were observed.

Figure 4 Intra-operation anterior-posterior and lateral plane X-rays taken by C-arm fluoroscopy (A and B). First, an 18-gauge spinal needle was inserted into the fiber 
annulus (C). Discography was performed with contrast agents injected into the disc space (D). For patients with positive discography, a tapered, cannulated obturator was 
inserted at SN, and endoscopic discectomy was performed (E and F).
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Clinical Evaluation
Patients showed significant clinical improvement after surgery, with an average follow-up duration of 21 months. VAS and 
ODI scores showed significant improvement at 1 month, 6 months, 1 year, and the final follow-up after PELD (Table 2). The 

Figure 5 Sagittal MRI of the lumbar spine shows normal signal intensity in T1WI (A) and T2WI (B) sequences, the increased signal intensity around SN at L2 endplates (B), 
and fat-suppression sequences at 1 month post-operation (C).

Table 1 Clinical Features of the Patients (x ± SD)

Clinical Features

Variation Value

n of cases 13

Baseline Date

Male N=5(38.5%)

Female N=8(61.5%)

Age 52.54±7.276

Follow-up (month) 20.62±3.618

Surgical Level

L2-3 N=3(23.1%)

L3-4 N=3(23.1%)

L4-5 N=5(38.5%)

L5-S1 N=2(15.4%)

(Continued)
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modified MacNab scores were assessed 6 months postoperatively, and eight cases were evaluated as excellent (4 points), three 
cases as good (3 points), two cases as fair (2 points), and none as poor (1 point) (Figure 6).

Discussion
Various hypotheses have been proposed regarding SN etiology, including developmental factors, degenerative conditions, 
a history of trauma, and necrosis beneath the endplate. However, no consensus has been reached.23–25 Also, while various 
mechanisms have been proposed, including disc degeneration and endplate trauma, the link between SNs and low back 
pain remains controversial.23,24 SNs may result from subchondral endplate osteonecrosis. This process leads to herniation 
of disc material into the vertebral body via annular fissures, a common feature of degenerative disc diseases.21 Another 
study assumed that the development of SNs was related to the abnormal presentation of vertebral body vessels.26

Table 2 Comparison of VAS and ODI Scores of 
Patients with Lower Back Pain Pre- and Post- 
Operation (x ± SD)

VAS Score P-value

Pre-operation 8.31±1.109

Post-operation (1d) 2.46 ±0.877 <0.001

Post-operation (1m) 3.54±0.967 <0.001

Post-operation (6m) 2.92±0.954 <0.001

Post-operation (12m) 2.08±0.862 <0.001

Post-operation (last FU) 1.77±0.832 <0.001

ODI Score P-value

Pre-operation 67.08±6.563

Post-operation (1m) 30.38±6.862 <0.001

Abbreviations: VAS, visual analog scale; ODI, Oswestry 
Disability Index; FU, follow-up.

Table 1 (Continued). 

Clinical Features

Variation Value

Surgical Procedure

Duration of Operation (minutes) 61.00±24.152

Macnab Score

7 (Excellent) N=8(61.6%)

3 (Good) N=3(23.1%)

2 (Fair) N=2(15.4%)

1 (Poor) N=0(0%)

Complications

Reoperation N=1(7.7%)
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Although the majority of SNs are asymptomatic and do not require surgical intervention, certain subtypes of SNs may 
be associated with lower back pain via several pathophysiological mechanisms.20,27 For all 13 patients enrolled, 
intraoperative discography confirmed herniation of disc material into the vertebral body and reproduced concordant 
back pain. Based on these results, we postulate that lower back pain in these patients may be generated from degenerative 
disc material around the SNs, which we considered a unique type of lower discogenic pain.

The precise pathophysiological origin of lower back pain in patients with painful SNs remains unclear. 
Previous studies have shown that certain subgroups of patients with SNs exhibiting Modic-I changes are 
associated with an increased risk of lower back pain. Modic-I changes in the endplate are frequently associated 
with internal disc disruption and the acute phase of vertebral endplate osteitis and bone marrow edema.27 Cartilage 
endplates impaired by SNs with acute bone marrow edema are a critical cause of discogenic pain because they are 
commonly considered a component of intervertebral disc material.28 These factors may collectively contribute to 
the development of a unique form of discogenic lower back pain.

Surgical procedures should be considered for individuals with painful SNs who are unresponsive to conservative care for 
a minimum of 3 months. Posterior lumbar interbody fusion, nerve block, posterior decompression, and disc block have 
shown favorable outcomes in the treatment of painful SNs.28–30 In 2004, Hasegawa et al reported significant postoperative 
improvement in women with severe chronic back pain due to symptomatic SNs. The study found that lumbar interbody 
fusion using autogenous iliac bone grafts and Z-plates on the lateral vertebral body effectively alleviated pain. Lower back 
discomfort was alleviated postoperatively, with fusion achieved at the L2-L3 segment at the final follow-up at two years. 
Based on these case reports, Hasegawa advocated discography to diagnose painful SNs.29 Peng et al reported positive 
outcomes for 21 patients with painful SNs following anterior lumbar interbody fusion (ALIF), posterior lumbar interbody 
fusion (PLIF), or posterolateral lumbar interbody fusion, depending on the position of the sacral nerves. In this case series, 
the fusion rate was 86% at the final follow-up. This indicates that the density of the endplate nerves is comparable to that of 
the annulus fibrosus nerves, implying that cartilage endplates affected by SNs may contribute to discogenic lower back pain 
in symptomatic patients.28 Neves et al reported cases of painful SNs successfully treated with intradiscal decompression 
without fusion or instrumentation.31 The intervertebral disc and vertebral bodies are innervated by nerve plexuses, which are 
connected by branches of the rami communicantes. Jang et al reported improved symptoms when the ramus communicans 
was blocked using a mixture of mepivacaine and contrast medium in patients with painful SNs.30 These cases are 
summarized in comparison with the current study in Table 3.

Figure 6 Comparison of lower back VAS (A), ODI (B) preoperatively and postoperatively.
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Chronic back pain associated with symptomatic SNs may represent a distinct form of discogenic pain, requiring 
different surgical strategies from typical DDD. Innovations in minimally invasive techniques and tools have shown 
that percutaneous endoscopic lumbar discectomy (PELD) produces treatment results similar to those of open 
surgery for degenerative spinal conditions or even achieves a better quality of life.32–34 Initially, a painful sacral 
nerve (SN) with DDD was identified by Modic type I changes in the surrounding SNs. Additionally, preoperative 
lumbar CT revealed that the SN was positioned in the posterior third of the endplate, facilitating the establishment 
of a working channel with the disc material encircling the SN. Removal of degenerated tissue and endplate 
denervation is thought to alleviate SN-related back pain. During the surgical procedure, the working channel 
should be placed towards the SN for optimal removal of the disc tissue. To our knowledge, this is the first study to 
report the effective use of PELD to treat painful SNs.

One of the limitations of this study is the small sample size. Given the rarity of symptomatic SNs that meet strict diagnostic 
criteria (positive discography, consistent MRI features) and the need to maintain cohort homogeneity, only a small number of 
patients were included. Although no formal power analysis was conducted, the uniformity of the patient population and 
consistent surgical technique support the internal validity of the findings. Additionally, the follow-up duration, although 
reaching up to 27 months in some cases, remains limited for assessing the durability of outcomes. Future prospective, 
randomized, and multicenter studies with larger samples are needed to validate and expand upon these findings.

Conclusion
This study preliminarily evaluated the clinical efficacy and safety of PELD in treating discogenic lower back pain caused 
by painful Schmorl’s nodes. All enrolled patients experienced significant and sustained improvement in pain and 
functional disability, with no major surgical complications observed. These results suggest that PELD is a promising 
minimally invasive surgical approach for selected patients with symptomatic SNs who do not respond to conservative 
treatment.

Table 3 Comparison of the Current Study with Similar Case Reports

Current Study Hasegawa et al29 Peng et al28 Neves et al31 Jang et al30

Study Type Retrospective evaluation Case report Case series Case report Case report

Surgical Method Percutaneous Endoscopic Lumbar 

Discectomy (PELD)

Lumbar interbody 

fusion

Anterior, 

posterior, or 
posterolateral 

lumbar 

interbody 
fusion

Intradiscal 

decompression

Rami 

communicans 
nerve block

Diagnostic Method Intraoperative discography and MRI Discography Not explicitly 

mentioned, but 

likely used 
discography

Not explicitly 

mentioned

Not explicitly 

mentioned

Sample Size 13 patients 1 patient 21 patients 1 patient 1 patient

Treatment Goal Removal of degenerative disc material 

and endplate denervation

Vertebral body 

fusion

Vertebral body 

fusion

Intradiscal 

decompression

Rami 

communicans 
nerve blockade

Contribution First study to report the effective use of 
PELD to treat painful SNs. First to 

confirm removal of degenerative disc 

material using postoperative MRI.

Advocated the use 
of discography for 

diagnosing painful 

SNs.

Reported 
outcomes of 

fusion surgery 

for painful SNs.

Reported 
intradiscal 

decompression 

without fusion 
for painful SNs.

Reported on 
a ramus 

communicans 

nerve block for 
painful SNs.
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