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Objective: This study aims to compare the efficacy of percutaneous endoscopic lumbar discectomy (PELD) in treating adolescent
posterior ring apophysis fracture (APRAF) accompanied by lumbar disc herniation (LDH) and lumbar disc herniation alone.
Methods: Herein we present a case series of adolescent patients who underwent PELD surgery from June 2017 to September 2021.
All patients were divided into two distinct groups (ie Group A and B), based on their preoperative Computed tomography (CT) scans.
Group A included patients with PRAF (type III) accompanied by LDH. Group B patients had LDH alone. The general clinical
characteristics, clinical outcomes, and complications in patients from the two groups were assessed and compared.

Results: Compared to before surgery, the back and leg visual analog scores (VAS) and Oswestry Disability Index (ODI) were
markedly improved in both groups’ patients at all follow-ups. Notably, no significant differences were observed in the back and leg
VAS scores, and ODI values between the two groups at different time points after surgery. The mean intraoperative blood loss was
significantly lower in Group B, relative to Group A. The mean operation time was significantly shorter in Group B, compared to Group
A. There was no statistically significant difference in complication and recurrence rates between the two groups.

Conclusion: APRAF (type III) accompanied by LDH and LDH alone can obtain roughly equal surgical effects through PELD surgery
and turns out to be a safe and effective surgical approach.
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Introduction

Lumbar disc herniation (LDH) is relatively rare among the adolescent population but heavily contributes to low-back
pain and lower-extremity radiculopathy.' In some cases, small bone fragments are found near the posterior edge of the
vertebral body, leading to a condition called posterior ring apophysis fracture (PRAF).>* PRAF is an extremely rare
etiology of adolescent low back pain.”> Repeated microtrauma and physiological delay in posterior vertebral endplate
ossification in adolescents and young adults are typically considered the main contributors to PRAF.>* Owing to the
very low incidence rate of PRAF, clinicians often lack awareness of this condition, leading to a delayed or missed
diagnosis.” PRAF can be accurately diagnosed using computed tomography (CT) evaluation.” Based on the CT scan
fracture positioning, Takata et al classified PRAF into four categories.*”® Type I represents the separation of the entire
posterior margin; type II represents the partial vertebral separation fracture including the margin; type III represents
laterally located fractures; type IV represents vertebral body edge fracture that spans the entire vertebral body.*’ ° Due to

continuous bone compression, conservative treatment is often ineffective, and thus, often requires surgical
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intervention.*'® In recent years, percutaneous endoscopic lumbar discectomy (PELD) is widely used to correct adoles-
cent LDH (ALDH),'' however, only limited studies have reported satisfactory results in the treatment of type III PRAF
using PELD.” Since a typical PRAF pathological feature is the displacement of the posterior vertebral body edge or the
fracture entering into the spinal canal, some surgeons question the adequacy of nerve root decompression, in addition to
the controversy regarding its efficacy in PRAF (type III) accompanied with LDH versus LDH alone. To the best of our
knowledge, vertebral epiphyseal cartilage is usually completely fused to the vertebral body by 21 years of age.’
Therefore, in this study, we defined 21 years as the upper age limit of ALDH.® This study aims to compare the efficacy
of PELD in treating adolescent PRAF (APRAF, type III) accompanied by LDH versus LDH alone, which is not reported
in prior investigations.

Methods

This study comprised a case series of adolescent patients who underwent PELD surgery in our department from
June 2017 to September 2021. This study was approved by the Human Research Ethics Council at our hospital. All
patients in this study provided written informed consent for treatment and to publish the data. The inclusion criteria for
the patients were as follows:

1. Age <21 years;

2. Single-level PRAF (type III) accompanied by LDH or LDH alone confirmed by magnetic resonance imaging
(MRI) and computed tomography (CT) scan, consistent with clinical symptoms;

3. Poor response to conservative measures for a minimum of 3 months;

The exclusion criteria were as follows:

1. Any previous history of spine surgery;
2. Congenital spinal dysplasia, spinal tumor, and infection;
3. Other types of PRAF.

All the patients were divided into two distinct groups based on their preoperative CT scan. Group A included patients
with PRAF (type III) accompanied by LDH confirmed by preoperative CT scan. Group B included patients with LDH
alone.

Surgical Technique

Since the clinical symptoms of PRAF accompanied with LDH are similar to those of lumbar disc herniation alone.
Hence, the indications for percutaneous endoscopic interlaminar discectomy (PEID) and percutaneous endoscopic
transforaminal discectomy (PETD) approach were consistent with previous principles.”'? Therefore, in our case, PEID
would be recommended for treating LDH especially at L5/S1 under certain conditions and PETD would be recom-
mended for treating LDH especially at L3—4, L4-5.

PETD

All operations were performed under local anesthesia. Patients were placed in a lateral decubitus position on
a radiolucent operating table Local anesthesia was performed at the entrance of the needle entry point, which was
approximately 8—14 cm lateral to the spine midline. Next, an 18G needle was inserted, under fluoroscopic guidance. On
the anteroposterior fluoroscopic view, the standard point of the initial needling is located on the medial pedicular line. On
the lateral fluoroscopic view, the standard point of the initial needling, which was the surface of the superior articular
process (SAP). Subsequently, detach the needle and replace it with a guidewire, and then a working channel is inserted,
along with the guidewire. Under a continuous liquid flow of 0.9% saline solution, the unnecessary nucleus pulposus
tissue was removed by bipolar radiofrequency and endoscopic forceps. As for patients with PRAF (type III) accompanied
by LDH, the herniated disc should be removed first, which is conducive to leaving more space to treat apophysis
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fractures. We advocate that mobile fragment should be removed; however, the entire immobile bony fragment may not be
resected if the nerve root has been sufficiently decompressed. The key of this surgery was to ensure that the nerve roots
were fully exposed, and the pulsation was adequate.

PEID

In our study, all PEID operations were performed under local anesthesia. Patients were placed in prone position. The 18 G needle
trajectory was introduced into the inferior margin of the articular surface. Subsequently, the needle was removed and replaced
with a guidewire, and a working channel was inserted, according to the guidewire. Under a continuous liquid flow of 0.9% saline
solution, the unnecessary nucleus pulposus tissue was removed by bipolar radiofrequency and endoscopic forceps. As for
patients with PRAF (type III) accompanied by LDH, the soft herniated disc should be removed first, which is conducive to
leaving more space to treat the apophysis fracture. We advocate that mobile fragment should be actively removed; however, the
immobile fragment could be properly retained under the condition that the nerve root has been sufficiently decompressed.

Outcomes Measurements

Clinical Measurements

The general clinical parameters were analyzed and included age, gender, BMI, operative segment, duration of symptoms,
straight-leg raising, mean operative time, mean blood loss, mean length of hospital stay, complications, and recurrence.
Clinical outcomes were evaluated using VAS for low back and leg pain, the ODI score, and the modified MacNab criteria.

Statistical Analyses

Statistical analyses were performed using SPSS 26.0 software. The variables were presented as the mean + standard deviation
(SD). Paired #-test was used for intra-group comparison. Independent sample #-test and chi-square test were used to compare
the differences in clinical outcomes between the two groups. P value <0.05 was defined as statistically significant.

Results

Demographics
In this study, 12 patients in group A and 31 patients in group B met our requirements of inclusion criteria. Patients’
baseline demographic characteristics were not significantly different between the two groups (Table 1).

Table | Shows the Preoperative Baseline Data of the Two Groups of Patients

Group A (n=12) | Group B (n=31) | P
Age (y), mean (range) 18.33+ 0.92 19.19+ 1.94 0.287
Gender (n/%) 0.072
Female 0(12) 731
Male 12 (12) 24 (31)
Operative segment 0.719
L3/4 0 |
L4/5 5 10
L5/S1 20
Mean duration of symptoms 0.117
Less than 6 months 7 (12) 10 (31)
More than 6 months 5(12) 21 (31)
Body mass index 0.633
Normal (<30) 6 (12) 13 (31)
Obesity (= 30) 6 (12) 18 (31)
Straight-leg raising 0.669
Positive negative 2 (12) 7 (31)
Negative 10 (12) 24 (31)
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Table 2 Shows the Perioperative Characteristics of the Two Groups of Patients

Outcome Measure Group A (n=12) Group B (n=31) | t P
Operative time (min) 57.92% 1.56 47.74+ 0.98 5.498 <0.0001
Bleeding quantity (mL) | 63.75+ 1.09 51.77 £ 0.79 8.327 <0.0001
Length of stay (d) 1.67 £ 0.36 1.97 £ 0.28 —0.599 | 0.553

Perioperative Outcomes

The mean hospital stay in group A (1.67+0.36 days) was nearly equal to the hospital stay of group B (1.97 £ 0.28 days)
patients (P =0.553) (Table 2). The mean intraoperative blood loss was significantly lower in group B (51.77 + 0.79 mL),
relative to group A (63.75+ 1.09 mL) (P <0.0001). The mean surgery time was significantly shorter for group B (47.74+
0.98 min) compared to group A (57.92+ 1.56 min) patients (P < 0.0001) (Table 2).

Clinical Evaluation
A total of 6 patients in Group A received bony fragment removal, including two cases at L4/5 level and four cases at L5/

S1 level. Compared to before surgery, the back and leg VAS scores and ODI were markedly improved in both groups at
all follow-up time points (Figure 1A—C). During the follow-up, an interesting phenomenon was noted. Although the VAS
scores for the back and leg, and ODI were significantly improved at the 12-month follow-up, compared to before surgery,
there were no significant differences in these parameters when compared to the 6-month follow-up (Figure 1A—C).
Notably, no significant differences were observed in the back and leg VAS scores, and ODI values between the two
groups at different time points after surgery (P> 0.05) (Table 3). However, patients in group A were more prone to
transient sensory abnormalities than group B patients immediately after surgery. At the last follow-up, there were no
significant differences in the overall excellent and good rates between the two groups (P >0.05) (Table 3). The overall
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Figure | Show the VAS for back scores (A), VAS for leg scores (B) and ODI scores (C) were markedly improved in both groups at all follow-up time points.

Note: *p<0.05.
Abbreviations: VAS, the visual analogue scale; ODI, Oswestry disability index.
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Table 3 Comparison of the Main Indicators of Clinical Outcomes Between the Two Groups

Group A (n=12) Group B (n=31) t P
VAS-bcak
Before operation 3.92+ 0.19 4.00 £ 0.93 —0.437 | 0.0665
After operation 233 +£0.14 2.03 £ 0.73 1.884 0.077
6 months postoperative 1.00 £ 0.12 123 £ 0.11 —1.363 0.183
One year 0.75 £ 0.13 113 £0.11 —1.926 | 0.061
VAS-leg
Before operation 792 +0.15 7.58 + 0.50 1.93 0.068
After operation 217 £ 0.11 1.94 £ 0.79 1.59 0.120
6 months postoperative 1.17 £ 0.17 1.39 £ 0.10 —-1.15 0.257
One year 1.08 £ 0.19 1.16 £ 0.09 —0.41 0.687
ODI
Before operation 78.68 + 0.75 76.68 + 0.57 1.931 0.060
After operation 17.58 + 1.08 15.92 + 0.49 1.602 0.117
6 months postoperative 7.53 £ 0.69 8.46 + 0.68 —0.970 | 0.338
One year 7.33 £ 0.63 853 £ 0.74 —0.955 0.345
Incidence of recurrence (one year) 0(12) 0 (31) >0.05
Modified Macnab (one year) 0.756
Excellent 8 18
Good 4 12
Fair |
Poor 0 0

Abbreviations: VAS, Visual analog scale, ODI, Oswestry disability index.

excellent and good rates of group A (12/12) were 100%, and in group B (30/31) were 96.77%. There were no serious
complications in any of the two groups of patients.

Discussion

Being an essential and rare etiology of adolescent low back pain, posterior ring apophyseal fracture has not attracted
enough attention.™® Owing to the relatively small sample sizes in various studies, the PRAF with LDH prevalence varies
greatly among studies.>*'? It is reported that most patients experience delayed diagnosis spanning an average of over
1 year. 14 Because of poor response to conservative treatment, surgical intervention is always recommended.*'® Many
investigators suggested that centrally located lesions (ie, types I, II, and IV), which cause canal or foraminal stenosis,
require bilateral laminectomy or total laminectomy to remove the large and extensive fragment(s).”'* In type III cases
where a unilateral lesion occurs, posterior discectomy with semilaminotomy or laminectomy without fusion is typically
considered the gold standard surgical procedure.” Children experience significant growth and a continuously changing
skeletal structure. Therefore, minimally invasive surgery is optimal for their growing bodies. The typical pathological
feature of ring apophysis fracture inducing the displacement of the posterior edge of the vertebral body or the fracture
entering into the spinal canal makes nerve root decompression insufficient.” Therefore, it is more meaningful to compare
PELD efficacy in treating APRAF accompanied with LDH and LDH alone. It is reported that PELD achieved
satisfactory results in treating PRAF (type IlI) accompanied by LDH, with an excellent and good rate of 93.4%. 9 In
our study, the excellent and good rate of PELD in treating epiphyseal ring disconnection was 100%, and that of LDH
alone was 96.77%. This was mainly due to the relatively small number of cases in our study, along with a short follow-up
time and adequate decompression of nerve roots. Most notably, at the last follow-up, there was no significant difference
in the overall excellent and good rates between the two groups. Figures 2 and 3 depict two typical cases. Based on our
analysis, the mean intraoperative blood loss was significantly lower in group B compared to group A. The mean surgery
time was significantly shorter for group B patients compared to group A. The difference in the aforementioned results
was primarily due to the removal of loose and mobile fragments during surgery. To better eliminate the hard- sharp-edged
mobile bone fragments without causing nerve root injury and dural tears, the herniation disc must be removed first.”
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Figure 2 Case one. A 2l-year-old male was admitted to our department for severe left leg radicular pain of nearly 6 months. The patient was diagnosed with L5/
S| posterior ring apophysis fracture accompanied with lumbar disc herniation (A-D). The soft herniated disc and mobile bony fragment were removed during the PEID
surgery (E-G). The patient achieved immediate pain relief and was discharged from hospital within 4 days. The functional improvement was well at 6 months after PEID
(Hand ).

Abbreviation: PEID, percutaneous endoscopic interlaminar discectomy.

Subsequently, bone fragments must be progressively removed under visual control using burrs and a rongeur.” These
procedures, unfortunately, enhanced surgery duration and bleeding in group A. In contrast, there was no significant
difference in the average hospitalization time between groups A and B. This was likely due to the excellent care of the
patients after surgery in our institution. We also speculated that the minimally invasive nature of PELD was another
major factor.'®> Our study demonstrated that both APRAF accompanied with LDH and LDH alone achieved good clinical
outcomes following PELD treatment. During the follow-up period, the symptoms continued to improve at different time
points following surgery in both groups’ patients. Although the VAS and ODI scores decreased at the 12-month follow-
up, there were no significant differences in these scores compared to the 6-month follow-up. This phenomenon may have

multiple explanations. For example, even if the materials compressing the nerve were removed, the critical recovery
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Figure 3 Case two. A |7-year-old male was admitted to our department for severe left low back pain and sciatica of nearly |0 months. The patient was diagnosed with L5/
S| lumbar disc herniation alone (A-D). The soft herniated disc was removed during the PEID surgery (E-G). The patient achieved immediate pain relief and was discharged
from hospital within 24 hours. The functional improvement was well at 3 months after PEID (H and I).

Abbreviation: PEID, percutaneous endoscopic interlaminar discectomy.

period for leg pain still fell within the 6-month time point following PELD.'® Moreover, the patient’s symptom duration
was relatively short, and the distal deformation and demyelination of nerve fibers were mild.'” Although there was no
significant difference in the VAS score of the lower extremity immediately after surgery, we observed that patients in
group A were more prone to transient sensory abnormalities than in group B. This may be related to the excessive
traction of the nerve root during surgery, especially in terms of the large mobile fragment.'® In addition, intraoperative
bipolar electrocoagulation stimulation can also lead to postoperative sensory abnormalities.'® Fortunately, following
several days of conservative treatment, such as dehydration and hormonal treatment, these symptoms were alleviated. At
the last follow-up, most patients in both groups returned to their baseline functional status and were able to return to
school or work without long-term recovery. During the follow-up period, no serious complications were observed in any
of the two groups of patients.
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Limitations

The present study had several limitations. First, the present study had a retrospective design with a small sample. Second,
the follow-up period was short. Of course, high-quality research with sufficiently large sample sizes and longer follow-up
period are necessary to further confirm these results. However, despite of these limitations, satisfactory short-term
clinical results with PELD for both APRAF accompanied by LDH and LDH alone were confirmed.

Conclusion
Based on our analysis, PELD is a safe and effective approach for both APRAF accompanied with LDH and LDH alone.
Furthermore, there are no significant differences in symptom relief and functional recovery.
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