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Objective: To investigate the surgical method and efficacy of percutaneous endoscopic transforaminal discectomy (PETD) for the 
treatment of lumbar disc herniation (LDH) with different migration levels by introducing the strategy of foramenoplasty with the 
“distal nucleus pulposus as the core”.
Methods: Clinical data of LDH patients who underwent single-segment PETD surgery were retrospectively analyzed. Three groups 
were categorized according to the degree of nucleus pulposus migration in the sagittal position: no migration group, mild migration 
group, and high migration group. Different sites of foramenoplasty were used for LDH with different degrees of migration. All patients 
were followed up for at least 12 months. The clinical and follow-up data of the three groups were compared.
Results: A total of 102 patients were included, of which 46 (45.1%) were in the no migration group, 36 (35.3%) in the mild migration 
group, and 20 (19.6%) in the high migration group. Encouraging treatment results were obtained in all three groups.
Conclusion: PETD is effective in the treatment of LDH with different degrees of migration, and the foramenoplasty concept of 
“distal nucleus pulposus as the core” can effectively guide the molding site of foramenoplasty and facilitate the accurate placement of 
the working trocar.
Keywords: PETD, nuclear migration, superior articular process, foraminoplasty, 3D slicer

Introduction
Percutaneous Endoscopic Transforaminal Discectomy (PETD) is a minimally invasive procedure for the treatment of Lumbar 
Disc Herniation (LDH) in current clinical practice.1 The PETD uses the body’s natural bony channel, the foramenoplasty, as the 
surgical channel and removes the nucleus pulposus from the inside out under direct visualization, which has the advantages of 
being less invasive, more accurate, more efficacious, and faster recovery.2,3 However, the learning curve of this procedure is 
steep,4 and the entry diameter of the puncture and the site of foramenoplasty will directly affect the operating field, and if the 
foramen is not properly molded, it will also increase the surgical complications,5 such as nucleus pulposus residue, nerve root 
injury, and dural tear.6,7 Accurate foramenoplasty is crucial for PETD techniques.8 However, the herniation of the nucleus 
pulposus is clinically independent in each patient, with some nuclei protruding only in situ, while others have a high degree of 
prolapse.9,10 Obviously, a single model of foraminoplasty cannot be used to cover all cases. Unfortunately, there have been no 
studies regarding PETD surgery for the treatment of LDH with different levels of migration. The purpose of this study was to 
investigate PETD for the treatment of LDH with different migration levels. The efficacy was evaluated at 12 months of follow-up 
to provide a reference for clinical foramenoplasty.
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Patients and Study Methods
Study Population
Clinical data of LDH patients admitted to the Fuyang First People’s Hospital, Hangzhou, Zhejiang Province, China, from 
February 2020 to February 2022 were retrospectively analyzed. All patients underwent PETD surgery and were 
performed by the same surgical team of surgeons. The study was approved by the Ethics Committee of the First 
Hospital of Fuyang, Hangzhou, China. Written informed consent was obtained from the patients to receive treatment and 
to publish this report. The study was carried out in accordance with the ethical standards of the Declaration of Helsinki of 
the World Medical Association

Inclusion criteria: (1) clear diagnosis of LDH based on symptoms, signs, and imaging data; (2) ineffective after 3 
months of strict conservative treatment; (3) unilateral LDH in a single segment; (4) clear leg symptoms; (5) the nucleus 
pulposus on transverse view is typed as central, paracentral, and foraminal; and (6) planned for PETD.

Exclusion criteria: (1) patients unsuitable for PETD treatment; (2) intraoperative foramenoplasty was not performed; 
(3) deviation of the proposed foramenoplasty site from the actual model; and (4) incomplete data or inability to follow 
up. (6) the nucleus pulposus is typed as extreme lateral in the transverse position.

Surgical Procedure
The patient is placed in the prone position with appropriate pillow pads placed on the abdomen to enlarge the size of the 
intervertebral foramina. The surgical approach is posterior lateral approach. The puncture site and target point are selected 
under fluoroscopy of C-arm machine, and the target point is usually set as the tip of the superior articular eminence of the 
affected segment, and the puncture point is usually 10–14 cm away from the median line and 1–3 cm towards the cephalic end. 
The patient is routinely sterilized and toweling is performed. Anesthesia with 1% lidocaine was applied layer by layer to the 
deep fascia. Under the guidance of C-arm machine, the 16G guide needle was inserted to the target point, and a 7–8mm 
transverse incision was made at the entrance of the skin, and the soft tissue was expanded step by step using a soft tissue 
dilatation tube, and a suitable intervertebral foramina molding tool was selected to mold the intervertebral foramina at the 
proposed molding site. After the intervertebral foramen was satisfactorily molded, the endoscope was placed. The nucleus 
pulposus is gradually removed with a grasping tool. Until the nerve root periphery is completely loosened. The patient was 
instructed to cough forcefully, and the procedure was ended if there was no significant back or leg discomfort. A negative 
straight leg raise test in the immediate postoperative period indicated that decompression was complete and effective.

With the Distal Nucleus Pulposus as the Core
Differences in foraminal molding for LDH with different levels of migration are mainly seen in the removal of the 
superior articular process (SAP) site. The nucleus pulposus usually migrates downward due to gravity, the main bony 
structures surrounding the intervertebral foramina are the SAP and the pedicles. After foraminal molding, the working 
trocar can usually only move slightly cephalad but not pedicle because it will be blocked by the bone of the SAP and 
pedicle. Therefore, the molding site limits the movement of the working trocar to the most pedicle of the foramen. Based 
on the idea of the “distal nucleus pulposus as the core”, precise foraminal molding is required so that the surgeon can 
remove the most distal nucleus pulposus under endoscopic visualization, avoiding nucleus pulposus retention.

According to the degree of nucleus pulposus migration, the site of foramenoplasty was positioned at the appropriate 
location of the SAP. Based on the preoperative sagittal MRI images and the typing of the degree of nucleus pulposus 
migration, the nucleus pulposus migration in the sagittal position was classified into 7 zones.11,12 Zone 0: from the plane 
of the inferior border of the upper vertebral body to the plane of the superior border of the lower vertebral body; zone 1: 
from the inferior border of the upper pedicle to 3 mm below the inferior border of the upper pedicle; zone 2: from 3 mm 
below the inferior border of the upper pedicle to the inferior border of the upper vertebral body; zone 3: from the superior 
border of the lower vertebral body to the center of the lower pedicle; zone 4: from the center of the lower pedicle to the 
lower edge; zone 5: above the lower edge of the upper pedicle; zone 6: below the lower edge of the lower pedicle, 
(Figure 1). The zone in which the most distal part of the nucleus pulposus was located was designated as the zone of the 
degree of nucleus migration, and all cases in this study contained zones 0, 3, 4, and 6, (Figure 2). Nucleus migration in 
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zone 0 was categorized as no migration group (Group-0), nucleus migration in zone 3 was categorized as mild migration 
group (Group-3), and nucleus migration in zones 4 and 6 was categorized as highly migrated group (Group-4).

In order to further determine the authenticity of the foramenoplasty site, we modeled the preoperative and post-
operative SAP using 3D slicer software, and compared the preoperative and postoperative 3D models to determine the 
authentic foramenoplasty site, and at the same time recorded the volume data of the SAP using this software. Under the 
concept of “distal nucleus pulposus as the core”, we successfully accomplished foraminal molding for LDH with 
different degrees of migration. The SAP was divided into three parts: superior, middle, and inferior, corresponding to 
tip, ventral, and basal (Figure 3a). In cases with no nucleus migration, the foramen was molded at the tip of the SAP 
(Figure 3b); in cases with mild nucleus migration, the foramen was molded ventrally on the SAP (Figure 3c); and in 
cases with high nucleus migration, the foramen was molded basally on the SAP (Figure 3d).

Evaluation of Clinical Outcomes
Clinical outcome was assessed by recording the Visual Analogue Scale (VAS) and Oswestry Disability Index (ODI) 
preoperatively and postoperatively at 1, 3, 6, and 12 months. Surgical satisfaction was assessed at the final follow-up 
using the modified MacNab criteria.

The VAS score was an 11-point scale from 0–10, with 0 degrees representing no pain and 10 degrees representing the 
most severe pain, and was recorded separately according to the patient’s leg pain.

The ODI score included 10 aspects of the patient’s lumbar and lower extremity pain level, sitting, standing, walking, 
and the degree of self-care, totaling 50 points to score the patient’s lumbar spine function, and the smaller the score 
represented the better the lumbar spine function.

Modified MacNab criteria: excellent: symptoms completely disappeared, resumption of work and life; good: slight 
symptoms, mild limitation of activities, no impact on work and life; fair: symptoms reduced, limitation of activities, 
affecting the normal work and life; poor: no difference before and after the treatment, or even aggravated.

Statistical Methods
SPSS 25.0 software was used for statistical analysis. Measurement information was expressed as xˉ±s, t-test was used for 
comparison of measurement information between groups, rank-sum test and chi-square test were used for comparison of 

Figure 1 The 7 zones of the nucleus pulposus. zone 0: from the plane of the lower edge of the upper vertebral body to the plane of the upper edge of the lower vertebral 
body; zone 1: from the lower edge of the upper pedicle to 3 mm below the lower edge of the upper pedicle; zone 2: from 3 mm below the lower edge of the upper pedicle 
to the lower edge of the upper vertebral body; zone 3: from the upper edge of the lower vertebral body to the center of the lower pedicle; zone 4: from the center of the 
lower pedicle to the lower edge; zone 5: above the lower edge of the upper pedicle; zone 6: below the lower edge of the lower pedicle.
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count information between groups, and F was the test statistic in ANOVA, and the difference was considered statistically 
significant at P<0.05.

Results
The retrospective analysis included 102 patients (50 males and 52 females) with a mean follow-up of 15 months (range 
12–18 months). There were 46 cases with nucleus pulposus migration in zone 0 (Group-0), 36 cases with nucleus 
pulposus migration in zone 3 (Group-3), 16 cases with medullary migration in zone 4, and 4 cases with medullary 
migration in zone 6. Since nucleus pulposus migration in zones 4 and 6 accounted for a small number of patients, they 
were included in the same group (Group-4). All cases were successfully molded and the molding site was consistent with 
the preoperative protocol. Group-0 was molded at the tip of the SAP, Group-3 was molded ventrally on the SAP, and 
Group-4 was molded at the base of the SAP. The mean age of the entire study cohort was 47.18±14.92 years. There was 
no statistically significant difference in all the remaining data including age, gender, symptomatic side, and diseased 
segment. (Table 1).

Before foramenoplasty, there was no significant difference in the volume of the SAP among the three groups. After 
foramenoplasty, the volume of the SAP in Group-4 (796.56 ± 371.97 mm³) was significantly less than that in the other 
two groups (Group-0, 999.51 ± 257.91 mm³; Group-3, 1020.48 ± 247.46 mm³), and the difference was statistically 

Figure 2 (a) Nucleus pulposus migration in zone 0. The red line is the extension of the upper and lower endplates, and the yellow arrow points to the most distal end of the 
nucleus pulposus; (b) Nucleus pulposus migration in zone 3, the red line is the lower endplate extension and the midpoint extension of the pedicle, the yellow arrow points 
to the most distal part of the nucleus pulposus; (c) Nucleus medullaris migrating in zone 4, red line is the midpoint of the pedicle root and the lower endplate extension, 
yellow arrow points to the most distal end of the nucleus medullaris; (d) Nucleus pulposus migration in zone 6, red line is the extension of the inferior border of the pedicle 
root, yellow arrow points to the most distal end of the nucleus pulposus.
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significant (P < 0.05).The molded and resected SAP volume of Group-4 (434.31 ± 301.78 mm³) was also significantly 
more than that of the other two groups (Group-0, 272.48 ± 247.46 mm³). The volume of the SAP (434.31 ± 301.78 mm³) 
was also significantly more than that of the other two groups (Group-0, 272.43 ± 245.71 mm³; Group-3, 281.07 ± 
196.76 mm³), with a statistically significant difference (P < 0.05). The percentage of SAP resection was calculated based 
on the above data, and Group-4 molding had a higher percentage of SAP resection (34.95 ± 21.28%) than the other two 
groups (Group-0, 20.83 ± 16.87%; Group-0, 20.61 ± 12.09%). (Table 2).

Clinical efficacy was evaluated using VAS-leg pain scores, ODI scores, and modified MacNab criteria to demonstrate 
changes in clinical outcomes before and after surgery. For the entire study population (n=102), preoperative VAS scores 
averaged 6.80 ± 0.73 and decreased to 2.50 ± 0.61, 1.97 ± 0.83, 1.51 ± 0.50, and 1.17 ± 0.79 at 1, 3, 6, and 12 months 
postoperatively, respectively. Preoperative VAS leg scores of 7.20 ± 0.70 were higher in Group-4 than in the other two 
groups (Group-0,6.52 ± 0.66; Group-3,6.94 ± 0.72), (P=0.001). At one month postoperatively, VAS leg scores decreased 
significantly in all three groups, with the greatest decrease in Group-4, which was (2.45 ± 0.51) at one month 
postoperatively. The decreasing trend of VAS leg scores of the three groups in the following 3, 6, and 12 months 

Table 1 Demographic and Clinical Characteristics of 102 Patients with 
Lumbar Disc Herniation (LDH) Included in a Study of Percutaneous 
Transforaminal Endoscopic Nucleus Pulposus Removal (PETD) for Lumbar 
Disc Herniation with Different Levels of Nucleus Migration

Targets Group-0  
(n=46)

Group-3  
(n=36)

Group-4  
(n=20)

Age, years 47.33±15.12 44.11±13.96 52.35±15.41

Sex, male/female 21/25 25/17 10/10

Symptoms, left/right 24/22 21/15 10/10
Sections, L3-4, L4-5, L5-S1 1/27/18 0/19/17 1/8/11

Note: Comparisons between groups were made using ANOVA.

Figure 3 (a) 3D model of the superior articular process of model before foraminal molding. (b) 3D model of intervertebral foramen molding at the tip of the superior 
articular process, with the resected tip bone in red. (c) 3D model of intervertebral foramen molding on the ventral side of the superior articular process, with the resected 
ventral bone in yellow. (d) 3D model of intervertebral foramina molded into the base of the superior articular process, with the resected basal bone in blue.
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became flat, but all of them were significantly different from the preoperative period, and there was no significant 
intergroup difference of VAS leg scores among the three groups after the operation (Figure 4a) (Table 3).

In the whole study group (n=102), the preoperative ODI score of 44.19±3.17 decreased to 25.20±3.73, 17.38±1.54, 12.76 
±1.70, and 7.94±1.50 at 1, 3, 6, and 12 months postoperatively. The preoperative ODI scores of Group-0, Group-3, and Group- 
4 were: 43.26±2.82, 44.28±3.42, and 46.15±2.60, and the difference between the groups was statistically significant, (p<0.05). 
It decreased to: 25.76±4.16, 24.92±3.30, 24.40±3.36 respectively in the postoperative month, all of which were significantly 
different from the preoperative period in this group. Thereafter, the rate of decline in ODI scores slowed down at 3, 6, and 12 
months postoperatively and basically stabilized after 6 months postoperatively (Figure 4b) (Table 4).

At the final follow-up, 102 patients in this study were assessed for surgical satisfaction according to the modified MacNab 
criteria, with 64 patients indicating excellent, 34 patients indicating good, and 4 patients indicating less satisfactory 
(Figure 4c). No complications such as significant sensory disturbances or dural sac tears were observed in any of the three 
groups. One elderly female patient in Group-0, who did not wear a standardized lumbar girdle postoperatively and engaged in 
domestic labor for 1 month, underwent revision surgery at 6 weeks postoperatively for fusion internal fixation of the diseased 
segment.

Discussion
Lumbar disc herniation covers almost all age groups from adolescents to the elderly, which not only seriously affects the 
quality of life of patients, but also brings a huge economic burden to the society.13–15 There are various treatment modalities 
for this disease, among which the minimally invasive procedure represented by PETD has been widely recognized in clinical 
practice due to its advantages of small damage, fast recovery and good effect. Numerous physicians have also successfully 
treated various types of LDH, such as central protruding nucleus pulposus, extreme lateral protruding nucleus pulposus, and 
giant prolapsing nucleus pulposus, by PETD.9,16–18 The requirement of high precision for the establishment of the working 

Table 2 Volume of the Superior Articular Process in Each Group of Intervertebral Foraminal Molding 
with the “Distal Nucleus Pulposus as the Core”

SAP Volume (mm³) Group-0  
(n=46)

Group-3  
(n=36)

Group-4  
(n=20)

F P

Pre-op 1271.94±262.04 1301.55±316.48 1230.87±421.03 0.321 0.726

Post-op 999.51±257.91 1020.48±247.46 796.56±371.97* 4.670 0.012
Molding excision section 272.43±245.71 281.07±196.76 434.31±301.78* 3.441 0.036

Percentage of excision, % 20.83±16.87 20.61±12.09 34.95±21.28* 6.063 0.003

Notes: Comparisons between groups were made using ANOVA. *P < 0.05.

Figure 4 (a) Trend graph of the change of VAS-leg scores for the three data sets. (b) Trend plot of ODI score changes for the three data sets. (c) Modified MacNab scores 
for all patients.
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channel of PETD is high, and the first endoscopic view often disoriented the operator because of the obstruction of soft 
tissues.19 If the intervertebral foramen molding site is targeted according to the degree of nucleus pulposus migration, then the 
inner opening of the working trocar can reach the designated position as expected. This is because in the sagittal position, after 
entering the skin, the working trocar is punctured from dorsal to ventral and cephalad to pedicle, and the puncture path passes 
through the molding area before reaching the nucleus pulposus, which also makes the inner opening of the working trocar 
more ventral and pedicle-oriented than the molding area of the SAP.20 A follow-up study showed that improper placement of 
the working trocar is an important cause of residual medulla, a large proportion of which occurs in cases with highly migrated 
medulla.5 In this study, for highly migrated nuclei (zones 4 or 6), the inner port of the working trocar was aligned with the 
distal part of the nucleus pulposus by using a “distal nucleus pulposus as the core” placement strategy, which corresponded to 
the foramenoplasty at the base of the SAP of the inferior vertebral body. This is the lowest point of bony structure that can be 
reached by molding the intervertebral foramina on the SAP. The base of the SAP moves downward into the pedicle, where 
there are many bony structures that make it difficult to enlarge the intervertebral foramina by molding. Therefore, foraminal 
molding at the base of the SAP is the optimal site for molding a highly migrated nucleus pulposus. In addition, for nuclei with 
no significant migration (zone 0) and mild migration (zone 3), we also select the site for foramen molding at the tip of the 
superior articular process or ventrally, respectively, based on the “distal nucleus pulposus as the core”.

In order to further clarify the site of foramenoplasty, we restored the real situation of foramen magnum molding by 3D 
modeling. 3D slicer software not only can model based on CT images, but also can directly obtain the volume of the model.21 

After foramenoplasty, we found that there was no significant difference in the preoperative volume of the SAP among the three 
groups of patients (Group-0,1271.94±262.04 mm³; Group-3,1301.55±316.48 mm³; and Group-4,1230.87±421.03 mm³), but 
after foramenoplasty, the nucleus pulposus migrated to the SAP in the patients with zone 4 or zone 6 The volume of the SAP 
removed (434.31±301.78 mm³) was significantly larger than that of patients in zone 0 (272.43±245.71 mm³) and zone 3 
(281.07±196.76 mm³). To analyze the reason, the direction of movement of the molding tool was from dorsal to ventral and 
from cephalad to pedicle, and the structure of the SAP was in the order of tip, ventral, and basal from cephalad to pedicle; 
therefore, wanting to mold the foramenoplasty at the basal would inevitably affect the bone of the ventral and or tip. By 
comparing the preoperative and postoperative models of the SAP, we also found that the foramenoplasty in cases with nucleus 
pulposus migration in zone 0 was mainly concentrated in the tip of the SAP, with some cases slightly affecting the ventral side; 
in cases with nucleus pulposus migration in zone 3, the foramenoplasty was mainly in the ventral side of the SAP, with the 

Table 4 ODI Scores in Each Group

ODI Group-0  
(n=46)

Group-3  
(n=36)

Group-4  
(n=20)

F P

Pre-op 43.26±2.82 44.28±3.42 46.15±2.60 6.464 0.002
Post-1 month 25.76±4.16 24.92±3.30 24.40±3.36 0.641 0.529

Post-3 months 17.50±1.64 17.36±1.40 17.15±1.57 0.363 0.697

Post-6 months 12.46±1.72 13.03±1.67 13.00±1.66 1.397 0.252
Post-12 months 7.89±1.61 7.97±1.40 8.00±1.49 0.048 0.954

Note: Comparisons between groups were made using ANOVA.

Table 3 VAS-Leg Pain Scores in Each Group

VAS-leg Group-0  
(n=46)

Group-3  
(n=36)

Group-4  
(n=20)

F P

Pre-op 6.52±0.66 6.94±0.72 7.20±0.70 7.984 0.001

Post-1 month 2.63±0.71 2.47±0.51 2.45±0.51 0.322 0.726

Post-3 month 2.07±0.83 1.92±0.84 1.85±0.81 0.587 0.558
Post-6 months 1.52±0.50 1.53±0.50 1.45±0.51 0.175 0.840

Post-12 month 1.15±0.79 1.17±0.78 1.20±0.83 0.025 0.975

Note: Comparisons between groups were made using ANOVA.
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possibility that the tip or the basal would also be affected; and in cases with nucleus pulposus migration in zones 4 or 6, the 
foramenoplasty was often contained to the ventral and/or the tip. In a few cases of highly migrated nucleus pulposus in L5-S1, 
almost the base, ventral and tip of the SAP were molded. We believe that when LDH in L5-S1 undergoes PETD surgery, the 
working path is set up in a more inclined way in order to avoid the interference of the iliac spine, ie, the puncture point on the 
surface of the body is closer to the cephalic and the median line, and this, together with the factor of the highly migrated 
nucleus pulposus, makes it necessary to enlarge the area of foramen molding to a greater extent This, coupled with the high 
degree of nucleus pulposus migration, results in a larger enlargement area for foraminal molding, and ensures that the inner 
port of the working cannula is closer to the pedicle to meet the “distal nucleus pulposus as the core” molding concept.

Overall, all three groups of patients in this study achieved satisfactory treatment results, and both VAS leg scores and 
ODI scores were effectively reduced postoperatively. It is worth noting that patients with nucleus pulposus migration in 
zones 4 or 6 showed more pronounced leg pain symptoms as well as lumbar dysfunction preoperatively, which may be 
attributed to the greater degree of mechanical compression on the nerve root by the dislodged medulla, as well as to the 
induction of more relevant inflammatory factors, which resulted in more severe clinical symptoms. The VAS-leg scores 
and ODI scores of the three groups of patients at 1, 3, 6, and 12 months after surgery decreased significantly compared 
with the preoperative period, with the fastest decrease at 1 month after surgery, the downward trend slowing down at 3 
months after surgery, and basically stabilizing at 6 and 12 months after surgery. At the final follow-up, 98 of 102 patients 
(96.1%) showed excellent or good results according to the modified MacNab criteria. Only 1 elderly female patient who 
had a recurrence, who did not wear a standardized postoperative girdle and engaged in domestic labor for 1 month, 
underwent revision surgery at 6 weeks postoperatively for fusion internal fixation of the diseased segment.

The current study also has some limitations. First, we investigated the degree of nucleus pulposus migration in the sagittal 
position and did not take into account the central, paracentral, intervertebral foraminal, and extreme lateral types of nucleus 
pulposus in the transverse position. Second, the intervertebral foraminal molding tools used in this study included both bone 
drills and circular saws, and the molding method and the damage to the bone can vary between tools. Third, in the short term, 
PETD for LDH has a satisfactory therapeutic effect, but it needs to be verified by long-term follow-up.

In conclusion, the “distal nucleus pulposus as the core” molding concept can effectively guide the intervertebral 
foramina molding site of PETD, which is conducive to the accurate placement of the working trocar, thus achieving 
satisfactory clinical results.

Informed Consent of the Patients
In this study, all patients gave informed consent and signed the informed consent form.
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