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Background: Recurrent intervertebral disc herniation and an exacerbated degenerative process have been
identified as the most important factors contributing to persistent pain and disability after surgical discectomy.
Defects in the annulus fibrosus remain a surgical challenge, as the preference for minimally invasive surgical
approaches for lumbar microdiscectomy, surgical access, and the specifics of anatomy limit the types of devices
that permit annulus fibrosus repair. Furthermore, the intervertebral disc is a relatively avascular structure,
and surgical procedures can accelerate the degenerative disc process. This study aimed to evaluate the
clinical safety and efficacy of a novel microdiscectomy annular repair technique combined with an autologous
conditioned plasma (ACP) intradiscal injection for the treatment of lumbar disc herniation (LDH).
Methods: From July 2017 to December 2018 this study recruited 75 patients with LDH (single segment)
and randomly divided these patients into the following three groups: group A, full endoscopic discectomy;
group B: full endoscopic discectomy and annular repair; group C, full endoscopic discectomy annular
repair and ACP intradiscal injection. The pre- and postoperative neurological function and pain status were
evaluated by the visual analog scale (VAS) score and the Oswestry disability index (ODI). Patients were
followed up once preoperatively, and at 1, 3, and 6 months postoperatively.

Results: The procedure was successfully performed in all cases. No cases required conversion to an open
procedure. The preoperative symptoms were alleviated significantly after surgery. The VAS scores for lower
back and lower limb pain and ODI score were significantly difference at 1 month, 3 months, 6 months post
operation compared to pre-operation scores (P<0.05). For VAS scores of the lower back, the difference
between group A and group C was statistically significant (A>C), as was the difference between group B and
group C (B>C).

Conclusions: Early results showed that the use of the novel full endoscopic annular repair technique and
ACP intradiscal injection serial therapeutic model are beneficial for short term outcomes and demonstrates
a reduction in symptomatic disc reherniation with low postoperative complication rates. This new serial

therapeutic model may significantly improve the symptoms of postoperative lower back pain.
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Introduction

Lumbar disc herniation (LDH) is one of the pathological
changes related to lumbar disc damage. In terms of
treatment, patients who fail in traditional and standardized
conservative treatment can elect surgical treatment.
Currently, there are two common surgical methods:
minimally invasive surgery (MIS) and open surgery. In
recent years, MIS has proven superior to open surgery
as it involves reduced trauma, less blood loss, marked
postoperative benefit, and faster recovery. MIS has thus
become the preferred choice of treatment. However,
MIS does also entail unavoidable damage to the annulus
fibrosus (1,2). Recurrent intervertebral disc herniation and
an exacerbated degenerative process have been identified
as the most important factors contributing to persistent
pain and disability after MIS. Furthermore, inflammatory
factors can reach the nerve endings through the annulus
fibrosus fissure, which aggravates the onset of lumbar
discogenic pain and limits local mobility; this in turn
significantly reduces the quality of life of patients with
annular disruption. An increasing amount of research has
indicated that the maximal repair of the annulus fibrosus
is crucial to restoring the normal physiological structure
of the intervertebral disc, reshaping the stability of the
spine, and improving lumbago conditions (3). However,
defects in the annulus fibrosus remain challenging to repair
surgically in some ways, such as the preference for MIS
approaches in lumbar microdiscectomy, surgical access, and
the specific anatomical features involved, limit the types of
devices available. This article describes a new safety serial
therapeutic model we have developed for the treatment
of LDH—the full endoscopic annular repair technique
combined with autologous conditioned plasma (ACP)
intradiscal injection—and outlines our surgical experience
with this method and its clinical outcomes.

We present the following article in accordance with the
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2257).
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Methods
General information

The inclusive criteria for patients enrolled in this study
were the following: (I) an age ranging from 18 to 60 years;
(I) diagnosed with LDH in a single segment; (III) failure of
conservative treatment for more than 6 weeks; (IV) imaging
examinations, including anterio-posterior and lateral film of
the lumbar vertebrae, flexion-extension film of the lumbar
vertebra, computed tomography (CT) plain scanning of the
lumbar vertebrae, and magnetic resonance imaging (MRI)
of the lumbar vertebra, that were consistent with one single
segment.

The exclusion criteria for patients were the following:
(I) presence of lumbar spinal stenosis or severe lumbar
disc degeneration; (II) poor general health condition
contraindicating surgery, or a previous history of lumbar
surgery; (III) lumbar instability or spondylolisthesis; (IV)
multisegmented LDH, far lateral LDH, intervertebral
foramen LDH, free prolapse LDH, or calcification type
LDH; (V) fracture, infection, tumor, or deformity.

From July 2017 to December 2018 this study recruited
75 patients with single-level disc herniation between the L3
and L5 (L3-L4 level, 15 cases; L4-L5 level, 37 cases; L5—
S1 level, 23 cases), and these patients were and randomly
divided into the following three groups (Figure 1): group
A, full endoscopic discectomy; group B, full endoscopic
discectomy and annular repair; group C, full endoscopic
discectomy annular repair and ACP intradiscal injection.

This study was approved by the Ethics Committee of the
First Affiliated Hospital of Kunming Medical University
(No0.2018-L21). All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). Informed
consent was taken from all the patients.

Materials

The endoscope used for the procedure and the annular
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Figure 1 A 40-year-old female patient. (A) Preoperative lumbar radiological images revealing no dynamic instability. (B) A preoperative CT

scan revealing an L5-S1 level lumbar disc herniation with no calcification. (C) Preoperative MRI images revealing an L5-S1 level lumbar

disc herniation. MRI, magnetic resonance imaging.

repair device (Figure 2) was produced by 2020 Medical
Technology Co., Ltd. (Beijing, China). The Arthrex ACP
TM Double Syringe System used was produced by Arthrex
(Naples, FL, USA) (Figures 3 and 4).

Surgical procedure

Full endoscopic discectomy (group A)

Surgery was performed in a prone position under local
anesthesia. C-arm fluoroscopy was applied to locate the
operative segments. At L3-L4 level and L4-L5 level, a
transforaminal endoscopic lumbar discectomy technique
was used. The skin entry point for needle insertion was
calculated based on pre-operative MRI and CT scan by
measuring the distance from the midline, and the needle
trajectory was aimed to target the ruptured fragment.
The guiding wire was introduced into the foramen;
foraminotomy was then performed with different reamer
types to remove the partial superior articular process. The
working cannula and spine endoscope were introduced to
the L5-S1 level using an interlaminar endoscopic lumbar
discectomy technique. The entry point was made in
reference to the medial pedicular line in the AP view and
the spino-laminar line on the lateral view with direction of
the needle towards the superior endplate of the S1 vertebra.
Once the needle reached the spino-laminar junction, the
needle tract was dilated with a series of dilators, and the
endoscope was introduced. The ligamentum flavum was
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split to expose the nerve root and herniated region. The
herniated disc tissue was removed by forceps. After the
nerve root decompression was completed, the incision was
closed in routine fashion.

Full endoscopic discectomy and annular repair group
(group B)

The full endoscopic discectomy procedure was performed
in the same fashion as that described above for group A.
The annular tear segment was smoothed by radiofrequency.
Once the tear was prepared for suturing, the interval
between the tear and nerve root was identified, and the
nerve root was retracted and protected by the working
cannula. The novel Disposable Annular Stapler (2020
Medical Technology Co., Ltd., Beijing, China), an automatic
stitching and tying device, was used to automatically tie the
first surgical knot. Then, a curved puncture needle was used
to pierce through one side of the annular tear. The knob on
the stapler handle was then turned forward until the arrow
on the handle was aligned with the yellow marker line on
the knob. The triangle button was pushed forward to the
front end. The knob was then turned backward until the
arrow on the handle was aligned with the red marker line on
the knob, the annular stapler was then pulled out, and the
knot slid in and locked automatically. Two more knots were
tied, and the knot pusher was used from outside to inside.
The suture was cut by a suture cutter under endoscopic
monitoring (Figure 2). After the suture was completed, the
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Figure 2 Annular repair procedure. (A,B) The novel Disposable Annular Stapler (2020 Medical Technology Co., Ltd., Beijing, China) is an

automatic stitching and tying device which can automatically tie the first surgical knot. A curved puncture needle pierces through one side of

the tear, and then two more knots are tied from outside to inside. (C,D) An intraoperative image showing annular tear closure.

incision was closed in routine fashion.

Full endoscopic discectomy annular repair and ACP
intradiscal injection (group C)

Full endoscopic discectomy and annular repair was
performed in the same fashion as described for group
B above. At 1 week, 1 month, and 2 months after the
discectomy procedure, patients underwent an ACP
intradiscal injection procedure. A volume of 15 mL of
blood was drawn into the double syringe system (Arthrex,
Naples, FL, USA) for a single spin in a centrifuge (Hettich
ROTOFIX 32 A, Arthrex, Naples, FL, USA) at 1,500 r/mim
for 5 minutes. The ACP was procured by pulling back
on the smaller syringe to remove the yellow leukocyte-
poor platelet-rich plasma (PRP) layer, leaving the lower
leukocyte-rich red blood cell pack behind. The volume of
available PRP produced during the ACP procedure differed
for each individual, ranging from 4 to 5.8 mL (Figure 3).
Surgery was performed with patients in a prone position
under local anesthesia. The intervertebral disc segments
were located by a C-arm during the operation. An 18-gauge
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spinal needle was inserted into the central area of the
intervertebral disc, and 1.2-2.5 mL of ACP was injected
into the intervertebral disc, as shown in Figure 4.

The patients were mobilized 5 hours after surgery. A
flexible back brace was used for 3 weeks. After leaving the
hospital, patients were encouraged to resume their daily
routine and were followed up as outpatients at the hospital
ward.

Evaluation index

"To assess lower back pain and lower limb pain, visual analog
scale (VAS) and Oswestry disability index (ODI) scores
in group A and B were evaluated before operation, and
at 1 month, 3 months, and 6 months after the operation.
Meanwhile, the VAS and ODI scores in group C were
evaluated at 1 month, 3 months, and 6 months after the last
ACP injection, so as to evaluate the therapeutic effect and
technical value of the novel full endoscopic annular repair
technique and ACP intradiscal injection serial therapeutic
model.
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Figure 3 Preparation of the ACP. (A) Fifteen milliliters of the patient’s peripheral blood are drawn into a double syringe system (Arthrex

Inc., Naples, FL, USA). (B) The normal saline weighing and balancing method. (C) The entire syringe containing the whole blood is

centrifuged at 1,500 rpm for 5 minutes. (D) The syringe components with blood are separated into the leukocyte-rich red blood cell pack

and the final injection syringe containing the ACP. (E) The smaller syringe is unscrewed from within the larger syringe. (F) The ACP is

carefully drawn into the smaller syringe. ACP, autologous conditioned plasma.

Data analysis

Clinical outcomes were assessed by the visual analogue scale
(VAS; 0-10, with 0 = no pain), and functional outcomes
were scored with the ODI (ODI; 0-100%). SPSS v.22.0
(SPSS Inc., Chicago, IL, USA) was used for statistical
analysis, and the measurement data are expressed as
mean = standard deviation. One-way analysis of variance
(ANOVA) was adopted in the intergroup measurement
data comparison, while repeated-measure ANOVA was
used in the intragroup measurement data comparison. The
least significant difference (LSD) method was employed
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for multiple comparisons, which are expressed as mean =
standard deviation. Fisher’s exact test was use for comparing
enumeration data. A P value <0.05 indicated the differences
were statistically significant.

Results

Comparison of VAS scores of lower back pain before
and after operation in each group (7able I) revealed no
significant differences among the three groups before

operation, 1 month after operation, and 3 months after
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Figure 4 ACP intradiscal injection. (A) ACP is transferred into a 5 mL syringe by a T-connector. (B) Intra-operative ACP intradiscal

injection. (C) Antero-posterior view of the intra-operative ACP intradiscal injection. (D) Lateral view of the intra-operative ACP intradiscal

injection. ACP, autologous conditioned plasma.

Table 1 Comparison of VAS scores of lower back pain before and after operation in each group (x=s)

Low back pain VAS

Group n ) 1 month after 3 months after 6 months after Statistics
Before operation ) ) .
operation operation operation
A 25 7.96+0.21 3.20+0.16 2.20+0.19 2.00+0.18 F=220.896, P<0.001
B 25 7.88+0.19 3.36+0.19 2.12+0.11 1.80+0.12 F=320.623, P<0.001
C 25 8.16+0.21 3.48+0.18 2.12+0.13 0.96+0.14 F=356.457, P<0.001
Statistics F=0.499, P=0.609  F=0.612, P=0.545 F=0.098, P=0.907 F=14.070, P<0.001

VAS, visual analog scale.

operation. There was a significant difference 6 months
after operation: the difference between the group A and
group C scores was statistically significant (A>C), as was
that between the group B and group C scores (B>C). There
was no significant difference between group A and group B
3 months after operation or 6 months after operation. The
difference at other time points was statistically significant.
The score difference across time points for group C was
statistically significant: as time progressed, the VAS score
showed a downward trend.

Comparison of VAS scores of the lower limbs before
and after operation in each group (Table 2), also revealed
no significant differences among the three groups before
operation, 1 month after operation, and 3 months after
operation. There was significant differences 6 months after

© Annals of Palliative Medicine. All rights reserved.

operation: the difference between group A and group C was
statistically significant (A>C), as was that between group
A, group B, and group C at different time points. As time
progressed, the VAS score showed a downward trend.

In the comparison of ODI scores for patients in each
group (Table 3), there was no significant difference in one-
way ANOVA at any time point (P>0.05). However, the
repeated measure ANOVA analysis for ODI score found
significant differences (P<0.05) among the three groups for
ODI score before operation, and at 1 month, 3 months, and
6 months after the operation. Multiple comparisons with
the LSD method revealed that the ODI score increased as
time progressed in all groups.

There was 1 case of postoperative recurrence in group
A, yielding a recurrence rate of 4.0%; there was no post-
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Table 2 Comparison of VAS scores of the lower limbs before and after operation in each group (x+s)

Lower limbs VAS

Group n . 1 month after 3 months after 6 months after Statistics
Before operation ) ) )
operation operation operation
A 25 7.48+0.23 4.00+0.15 2.48+0.12 1.96+0.15 F=220.413, P<0.001
B 25 7.68+0.21 3.96+0.15 2.40+0.13 1.68+0.13 F=286.989, P<0.001
C 25 7.44+0.2 3.72+0.12 2.20+0.14 1.48+0.12 F=316.856, P<0.001
Statistics F=0.355, P=0.702  F=1.147,P=0.323  F=1.238, P=0.296 F=3.415, P=0.038

VAS, visual analog scale.

Table 3 Comparison of ODI score for patients in the different groups (v+s)

1 month after

3 months after 6 months after

Group N Before operation operation operation operation F P
A 25 74.18+9.92° 40.38+5.74° 25.38+6.89° 18.65+12.49° 385.065 0.000
B 25 75.74+11.48° 37.92+8.76° 21.72+5.64° 14.78+3.94° 463.319 0.000
C 25 76.57+14.59° 36.15+9.07° 22.66+7.76" 14.33+4.63° 288.178 0.000
F 0.250 1.765 1.935 2.190

P 0.780 0.178 0.152 0.119

a

statistically significant (P<0.05). ODI, Oswestry disability index.

operative recurrence cases in group B or group C, both
of which had a recurrence rate of 0.0%. The analysis of
the recurrence rate of the patients in the three groups
using Fisher’s exact test revealed no statistically significant
differences (P=1.000>0.05).

Discussion

Anatomical and physiological characteristics of annulus
fibrosus

The annulus fibrosus is a rough-textured tissue surrounding
the nucleus pulposus of the intervertebral disc which
crisscrosses between the upper and lower vertebrae.
Together with the anterior and posterior longitudinal
ligaments, the annulus fibrosus plays an important role
in connecting vertebral bodies above and below, limiting
nucleus pulposus, absorbing concussion, controlling
the range of motion, and stabilizing the spine. Lumber
discectomy is currently recognized as the gold standard
for surgical treatment of LDH, but surgical treatment
inevitably causes damage to the annulus fibrosus (4,5).
Reticular degeneration and hyaline degeneration caused

© Annals of Palliative Medicine. All rights reserved.

,°, %, and ° refer to the results of intragroup comparisons; different letters indicate that the differences of intragroup comparison were

by physiological degeneration or pathological changes
are also important causes of annulus fibrosus injury. Due
factors related to the blood supply, the self-repair ability
of annulus fibrosus is weak. When it is damaged but not
effectively repaired, and the annular closed space is not
restored in time, intervertebral disc herniation can recur
and the process of intervertebral disc tissue degeneration
is accelerated (6). Some researchers hold the view that
annulus fibrosus defects larger than 6 mm can increase
the recurrence rate of intervertebral disc herniation by
an average of 15%, with the maximum reported increase
being as high as 27% (7). Therefore, conducting surgical
intervention on the annulus fibrosus with a defect larger
than 6 mm is necessary, and this need has given rise to the
development of annular repair technology.

Significance of annular repair

Clinical studies have shown that annular repair technology
can not only significantly reduce the recurrence rate after
nucleus pulposus excision, but can also reduce postoperative
pain, scar formation, and nerve adhesion. The application
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of annulus fibrosus mechanical suture technology has the
following advantages: (I) it can establish a mechanical
barrier to prevent the recurrence of disc herniation. (II)
The amount of nucleus pulposus removed during nucleus
pulposus removal can be affected by subjective factors of the
operator, which often leads to excessive removal of nucleus
pulposus, leaving the intervertebral space further collapsed
and degenerated. (III) Annulus fibrosus suture repair forms
a closed space inside the intervertebral disc to prevent the
leakage of various biological agents and provides the volume
basis for the biological treatment of intervertebral disc.

At present, many kinds annulus fibrosus suture and
plugging technology have been widely used in clinical practice
and have achieved good results, while endoscopic lumbar
annulus fibrosus repair has been gradually promoted (8).
However, in a study involving 478 patients, 137 patients
could not be sutured directly due to poor tissue conditions
of the annulus fibrosus, excessive protrusion range, star-
shaped tear, complex anatomy, and other reasons (9). It can
be seen that simple circumferential suture cannot effectively
prevent the degradation process, and the recurrence

probability is still very high (10).

Other treatments for annulus fibrosus injury

Due to the different degrees of intervertebral disc
degeneration, the current repair methods for annulus
fibrosus have been extended using gene tissue engineering,
biological therapy, implantation biomaterials, and other
technologies (11). Biological therapy includes stem cell
therapy, growth factor and/or cytokine injection, gene
therapy, etc. The purpose of biological therapy is to
promote the proliferation and differentiation of intrinsic
stem cells and/or progenitor cells of intervertebral disc by
various means, to correct the environmental disorder in
the early degenerative intervertebral disc, and to promote
the synthesis and metabolism of extracellular matrix (12).
At present, tissue engineering therapy research has made
clear progress in the construction of intervertebral disc
scaffold, matrix material research and development, seed
cell selection, and other areas. Another approach, growth
factor injection therapy, is aimed at directly injecting
growth factors that promote cell proliferation, migration,
and differentiation into intervertebral disc tissue, so as to
alleviate the progress of intervertebral disc degeneration
at the molecular, cell, and histomorphology level, which
promotes the repair of ruptured intervertebral discs (13).
An example of this therapy is using alpha granules in PRP
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to release platelet-derived growth factor (PDGF) and other
growth factors after platelet activation (14).

The function of PRP

After platelet activation, PRP releases many growth
factors and forms platelet gel. The bioactive molecules in
the gel stimulate the proliferation of fibroblasts, smooth
muscle cells, and osteoblasts, and promote the repair of
various injuries. At present, PRP has been widely used in
orthopedics, stomatology, neurosurgery, pain reduction,
rehabilitation medicine, and other departments. In sports
medicine, the treatment of acute muscle strain, tendon
disease, myofascial injury, osteoarthropathy, and other sports
trauma diseases is inseparable from PRP (15-17). Alsousou
et al. (18) have reported that PRP can directly stimulate bone
marrow stromal cells to differentiate into intervertebral disc
cells, and promote the synthesis of two main components
of the extracellular matrix: aggrecan-1 (Agcl) and collagen.
Aggrecan can promote the absorption of water and
hydration of the intervertebral disc, while collagen can
anchor soft tissue on bone tissue, which induces an anti-
stretching effect. Therefore, PRP can restore the hydrostatic
pressure of the intervertebral disc, improve its load, and
relieve discogenic lower back pain to a certain extent. ACP
made by Arthrex is also a kind of PRP. What makes the ACP
system so attractive is that it lacks a second centrifugation
step but still provides a platelet concentrate solution in an
easily removable syringe for application.

Significance of annular repair combined with ACP in the
treatment of LDH

After lumber discectomy for LDH, the internal structures
of the intervertebral disc such as the nucleus pulposus
tissue, endplate tissue, inner layer, and outer annulus
fibrosus tissue are damaged to varying degrees, resulting in
a significant increase in postoperative recurrence, usually
at the original incision or rupture (19). In vivo and in vitro
model studies of PRP injection technology have found that
it can promote nucleus pulposus regeneration, increase
the expression of the chondrogenic differentiation gene,
and increase the level of the extracellular matrix. After the
first stage of annulus fibrosus suture, ACP was injected
into the intervertebral disc in the second stage to promote
biological regeneration and repair. PRP is significant for a
number of reasons. (I) A large number of growth factors in
PRP can promote the synthesis of collagen and aggrecan in
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the intervertebral disc, improve the water absorption and
hydration of intervertebral disc after annulus fibrosus suture,
and improve the repair effect of annulus fibrosus. (II) After
annular repair, PRP injection can downregulate a variety
of inflammatory factors, such as nitric oxide, interleukin-1,
matrix metalloproteinases, prostaglandin E2, and tumor
necrosis factor-a, and improve the inflammatory response
induced by annulus fibrosus repair and LDH (20). (III) PRP
can induce stem cells in nucleus pulposus to differentiate
into nucleus pulposus cells, promote the healing of
annulus fibrosus suture repair, and delay the degeneration
of intervertebral disc (12). Indeed, it was found that the
improvement of intervertebral disc degeneration and the
VAS score of lower back pain after combined treatment was
better than that obtained from standard treatment.

Our surgical experiences and modifications

When using the annular stapler the puncture direction
must be parallel to the intervertebral space, and not angled
toward the endplate, as this can cause stitching failure and
cause endplate damage. If the blood extraction fails to reach
15 mL (due to the patient’s blood viscosity, the influence
of air in the syringe, etc.), the normal saline weighing and
balancing method is adopted to reduce the centrifugal error.
In our practice, ACP is transferred into a 5 mL syringe by
a T-connector before the intradiscal injection procedure is
conducted.

The innovation and advantages of this serial therapeutic
model

Using the full endoscopic discectomy procedure can
maximally preserve the normal intervertebral disc tissue.
Furthermore, applying the novel annular repair technique
to close the annular tear—a technique we call “mechanical
annular repair”—can create an enclosed space for the disc
tissue repair. We thus consider ACP intradiscal injection
a type of biological therapy that can promote disc tissue
regeneration and extracellular matrix synthesis. This new
serial therapeutic model for the treatment of LDH is
minimally invasive and precise, and provides effective repair
and regeneration.

In conclusion, our findings indicate that this new serial
therapeutic model can significantly reduce the recurrence
rate of disc herniation, reduce postoperative intraspinal
fibrotic scar formation, reduce the release of inflammatory
mediators from the nucleus pulposus, promote disc
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regeneration and extracellular matrix synthesis, maximally
preserve intervertebral disc function, reduce postoperative
back pain, and improve postoperative quality of life.
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