
  1

Corresponding author: Yi LIU 
E-mail: Liuyi201032@163.com

Original Investigation

DOI: 10.5137/1019-5149.JTN.21579-17.3

Received: 07.09.2017 / Accepted: 28.12.2017

Published Online: 29.01.2018

qr c
od

e

Turk Neurosurg, 2018

Zheng XU, Yi LIU, Jinchuan CHEN

Xuzhou Medical University, Affiliated Hospital of Lianyungang, Department of Orthopedics, Lianyungang, China

Percutaneous Endoscopic Interlaminar Discectomy for             
L5/S1 Adolescent Lumbar Disc Herniation

ABSTRACT

specific spino-pelvic sagittal alignment during rapid growth 
(5). These characteristics may result in further consideration 
on surgical techniques for ALDH.

With the popularity of minimally invasive surgical technique, 
percutaneous endoscopic procedures for ALDH yielded good 
results, similar to those with open discectomy. Compared with 
open discectomy, percutaneous endoscopic procedures can 
preserve normal spinal structures, such as ligaments, muscle, 
lamina and facet joints, minimizing the effects on growth 
of adolescence (3,21). There are two major procedures, 
percutaneous endoscopic transforaminal discectomy (PETD) 
and percutaneous endoscopic interlaminar discectomy 
(PEID), according to different approaches. Previous studies 

█    INTRODUCTION

Lumbar disc herniation (LDH) is a common spinal disorder 
in adults. However, the prevalence of patients aged less 
than 20 years, who were defined as adolescent lumbar 

disc herniation (ALDH), was very low, particularly at the L5/
S1 level (12,13). Surgical treatment should be considered if 
a favorable outcome cannot be achieved after conservative 
therapy. Open discectomy was used to cure most adult 
lumbar disc herniation cases, but several complaints, such 
as residual low back pain, temporary leg anaesthesia, or 
long hospital stay have been increasing, indicating that open 
discectomy is not the preferred surgical treatment (11,21). 
In addition, adolescents showed developing skeletons and 
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have proven PETD to be an effective option for ALDH (19,20). 
However, the most commonly involved level in ALDH is L4/5, 
and L5/S1 ALDH has been rarely reported. Moreover, the 
transforaminal approach to L5/S1 disc space is narrowed 
due to a high iliac crest and a large L5 transverse process, 
and obviously PETD is not the first selection for L5/S1 ALDH. 
Under such conditions, the emphasis of the present study was 
to evaluate the surgical outcome of PEID in 23 consecutive 
ALDH patients. 

█    MATERIAL and METHODS
There was a retrospective study for 23 consecutive adolescent 
patients who underwent PETD for L5/S1 ALDH from May 2012 
to September 2014. The inclusion criteria were as follows: 

(1)  Patients ≤21 years old 

(2) The affected level was limited in the L5/S1 level on the 
computed tomography (CT) scan or magnetic resonance 
imaging (MRI) 

(3) Patients showed symptoms that were consistent with 
radiological findings

(4) No obvious improvement was achieved after conserva-
tive therapy at least 2 months. Patients with intraspinal 
neoplasm, lumbar tuberculosis, congenital deformity or 
segmental instability were excluded. Patients with organic 
diseases were also excluded. 

There were 10 females and 13 males, with a mean age of 
15.4 years (range: 10-21 years) and a mean BMI of 25.1 kg/
m2 (range: 18.4-32.6 kg/m2). Twenty patients (86.9%) suffered 
from low back pain and leg pain. Three patients (13.0%) 
complained of leg pain only. Eighteen patients (78.2%) 
presented with positive straight leg-raising test. Fourteen 
patients (60.9%) showed leg motor weakness (power grade 
III to IV). Nine patients (39.1%) showed a forward-bending 
posture by lower limb inflexion while standing.

Clinical manifestations and radiographical outcomes were 
analysed. Perioperative events were recorded. We compared 
the preoperative visual analogue scale (VAS) (26) and Japanese 
Orthopaedic Association (JOA) (6) scale with those at 1-, 6-, 
12- and 18-month follow-ups. The modified MacNab criteria 
(18) at the last follow-up were confirmed via questionnaires. 

Continuous variables were presented as the mean±SD. 
Statistical analysis was performed with a paired Student’s 
t-test. SPSS Ver. 22 (SPSS Inc. Chicago, IL, USA) software 
was used. Two-tailed p <0.05 was considered statistically 
significant.

Surgical Technique

All patients were operated under general anaesthesia. After 
preoperative intravenous antibiotic, patients were placed on 
a radiolucent table in the prone position, and the spine was 
flexed to increase the interlaminar window. Electromyogram 
was connected to patients, monitoring any nerve stimulation, 
and determined if the compression should be removed. Under 
anteroposterior film, the midline was marked along the tips 

of the spinous processes at L5-S1. The horizontal line was 
also marked between the superior endplate of S1 lamina and 
the inferior endplate of L5 lamina. The skin entry point was 
approximately 1.0 cm lateral to the intersection of the above 
two lines. The axillary type of L5/S1 adolescent disc herniation 
was obtained. Next, the spine needle was inserted vertically 
and slightly below the interlaminar centre, along the lateral 
edge of the interlaminar window (Figure 1A). Once the facet 
joint of S1 was touched, we inserted the guide wire along 
the spine needle, and the needle was changed to dilators 
from 1 to 7.5 mm in diameter. Indigo carmine was used to 
dye the protruded nuclear tissue blue. These procedures 
were monitored by anteroposterior and lateral radiographs 
to ensure that the dilators and indigo carmine were placed 
correctly and at the proper depth (Figure 1B). 

After the working cannula was inserted over the dilators 
(Figure 1C), the endoscope (OLYMPUS, Japan) with a 
continuous inflow saline was introduced. Through endoscopic 
vision, the ligamentum flavum and epidural fat were the 
first structure to encounter. Due to their yellow color, the 
ligamentum flavum and epidural fat were easily identified and 
then carefully removed by different graspers. The herniated 
disc fragments were exposed with blue stain. In addition, the 
bipolar radiofrequency electrode could also help to regulate 
haemostasis and dissect disc fragments. We rotated the 
working cannula to further clean residual disc tissues at the 
shoulder region. Under direct visual control, the scope with 
the cannula was gradually removed until the pulsing S1 root 
was observed. For ALDH, we felt that it was not necessary 
to anchor the cannula into the disc space to induce further 
depression because the disc tissues were still in growth, 
and too early destruction might lead to spinal instability and 
developmental disorder. Finally, a single stitch was given to 
close the incision.

█    RESULTS
All 23 L5/S1 ALDH patients underwent PETD smoothly 
and followed-up with an average period of 19.7 months. 
According to preoperative radiology, all 23 ALDH showed 
L5/S1 herniation, and 15 (65.2%) patients exhibited lower T2 
signal intensity L5/S1 disc.

The mean operation time was 80.9±7.3 minutes. All patients 
except three patients showed relief of their symptoms after 
the operation. Two patients complained of unilateral leg 
numbness, which disappeared gradually after 1 month 
without any intervention. Stretch injury of the nerve root 
during operation may be a main factor. Another patient 
diagnosed with endplate fracture underwent a subsequent 
open discectomy due to recurrent disc herniation that had 
occurred after 6 months. The VAS scores for back and leg pain 
decreased greatly at the 1-month follow-up (p<0.05) (before 
operation: 6.2±1.3; at 1-month: 2.3±1.2) and remained stable 
at 6-,12- and 18-month follow-ups (p>0.05) (at 6-month: 
1.8±0.9; at 12-month: 1.4±0.7; at 18-month: 1.2±0.6). The 
JOA scores kept increasing until the last follow-up (p<0.05) 
(before operation: 12.5±3.8; at 1-month: 23.7±2.8; at 6-month: 
25.3±2.4; at 12-month: 26.6±1.9; at 18-month: 27.6±1.3)
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(Figures 2, 3). The modified MacNab criteria at the last follow-
up were excellent for 18 patients (78.2%), good for 2 patients 
(8.7%), and fair for 3 patients (13.0%), and no poor results 
were observed. There were no cases of infection or dural tear 
in the present study. A typical case is shown in Figure 4A-D. 

█    DISCUSSION
ALDH is a rare disease with an incidence of only 1%-5% 
(7,12,13). Since Wahren reported the first case of ALDH in 
a 12-year-old child (25), concerns on the specific subgroup 
of LDH have increased. However, the mechanism of ALDH 
remains controversial. According to previous studies (14,21), 
age-driven proteoglycan loss with subsequent increasing 
collagen leads to a protruded disc, which may be attributed 
to an uneven distribution of the axial load and accelerated 
disc degeneration. Thus, it was suggested that lumbar 
degeneration is the main risk factor of LDH in elderly people. 
Boos et al.(1) noted that disc degeneration most likely begins 
in childhood, although no explanation yet exists. In our study, 
according to the MRI of all patients, 15 cases (65.2%) showed 
lower T2 signal intensity of the L5/S1 intervertebral disc, which 
confirmed the above viewpoints that disc degeneration could 
be observed at an early age. In recent years, with heavier 
homework and a lack of exercise, unhealthy life styles have 
spread among young people, leading to an increasing rate of 
the obesity in youth. A strong association between body mass 
index (BMI) and obesity has been documented (23). The WHO 
defined overweight as a BMI of 25-29.9 kg/m2 and obesity 
as a BMI of 30 kg/m2 or greater (24). In 15 patients with 
lower T2 signal intensity, we found that 10 patients (66.7%) 
showed a BMI of >25 kg/m2, and 3 patients (20%) showed a 
BMI of >30 kg/m2. To the best of our knowledge, hours spent 
sitting and obesity can result in muscle fatigue of facet joints, 
which in a vicious circle may potentially cause further disc 
degeneration. Thus, early disc degeneration may be a non-
negligible factor of ALDH. Endplate fracture was considered 
to be another important factor of ALDH. Adolescents have 
a strong predisposition for lumbar disc herniation by trauma 
due to frequent outdoor activities, and the trauma is a causal 

Figure 1: Procedures of PEID. A) The guide 
wire and working cannula was vertically 
inserted into L5/S1. B) Anteroposterior view 
of the guide wire inserted into the L5/S1 
interlaminar space. C) Lateral view of the 
working cannula inserted over the guide wire 
into the L5/S1 interlaminar space.

Figure 2: VAS scores before and after the operation. 

Figure 3: JOA scores before and after the operation.

A B C



4 | Turk Neurosurg, 2018

Xu Z. et al: Endoscopic Discectomy in Disc Herniation

PETD used in L4/5 ALDH has matured over the past several 
years (15), but research on microdiscectomy used for L5/S1 
ALDH has been rarely reported. The present study is focus on 
minimally invasive surgery for L5/S1 ALDH. Adolescents are 
in the golden period in terms of growth and the accumulation 
of knowledge. Parents and children both fully expect higher 
postoperative life quality. The outcome of lumbar discectomy 
is dependent on the surgical technique (17). Thus, an effective 
surgical technique is necessary for young people. It is almost 
inevitable for open surgery to damage paraspinal muscles and 
other normal tissues, which start to develop when 10 years 
old until maturation at approximately 25 years (22). These 
injuries affect adolescent growth as well as increase the risk 
of lumbar instability. Furthermore, slower recovery and long-
term brace treatment may delay the progression of the study. 
With the improvement in optics and the rod lens system, the 
percutaneous endoscopic technique is a good option for 
ALDH patients with preserved muscles and an early return to 
school (8,16). 

Unlike L4/5, L5/S1 has its own anatomical peculiarities. First, 
the existence of a high iliac crest and a large L5 transverse 

factor for endplate fracture (9,13). There are two mechanisms 
of trauma proposed for these lesions: hyperextension 
of the lumbar spine and rapid flexion together with axial 
compression to the vertebral column (9). In our research, only 
2 (8.7%) patients had a history of significant trauma and were 
diagnosed with endplate fracture radiologically. Compared 
with 15 patients (65.2%) showing degenerative changes, the 
lower incidence of trauma led to the assumption that gross 
trauma may not be a primary factor, which is consistent with 
the results obtained by Kumar et al. (10). 

Endo et al.(5) compared the spinal parameters of LDH in adults 
and healthy people and concluded that the loss of lumbar 
lordosis resulted in an anterior displacement of C7 plumb 
line. In our study, we found that 9 ALDH patients showed a 
forward-bending posture by lower limb inflexion while standing 
and complained of lower back pain. We assumed that these 
abnormal postures might be secondary to an analgesic 
response to avoid sciatic pain. Due to a lack of lateral whole-
spine standing radiographs, ALDH spinal parameters cannot 
be measured. Further study about the relationship between 
ALDH and sagittal spinal alignment should be identified. 

Figure 4: Imaging examinations of a 14-year-old 
female L5/S1 ALDH before and after PEID. 
A) Sagittal MRI of the patient before PEID. 
B) Transaxial CT scan of the patient with disc 
herniation to the left side before PEID. 
C) Sagittal MRI of L5/S1 herniated nucleus pulposus 
removed after PEID at 12 months. D) Transaxial MRI 
of L5/S1 herniated nucleus pulposus removed after 
PEID at 12 months.

A

B
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However, in our study, PEID was performed under general 
anaesthesia to avoid pain from repeated punctures. An 
electromyogram must be used to monitor whether the 
nerve root is damaged. 

3. For adolescents diagnosed with endplate fracture, PEID 
appeared less effective. In our study, 2 patients with 
endplate fractures were operated by PEID; however, the 
cannula cannot easily detour around the spinal cord, and 
herniation that has settled ventrally from the spinal canal 
is very difficult to completely remove. One of the patients 
underwent a subsequent open discectomy because 
recurrent disc herniation occurred after 6 months. 

Thus, we suggested that PEID should be further considered 
for adolescents with a specific diagnosis of endplate fracture.

█    CONCLUSION
ALDH is a rare disorder with an inconclusive mechanism. 
To prevent LDH at an early age, healthy diets and outdoor 
exercises have been proposed to be beneficial. In consideration 
of specific anatomic peculiarities and expectation for rapid 
recovery, PEID is a safe and effective minimally invasive 
technique for ALDH at the L5/S1 level.
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