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Objective. In this study, we aimed to explore the efcacy of the autologous platelet-rich plasma (PRP) interventional circulatory perfusion
combined with radiofrequency ablation and thermocoagulation (RFAT) in the treatment of discogenic low back pain (DLBP).Methods.
From January 2020 to November 2022, 158 patients of the Second Afliated Hospital of Nanchang University were selected as the study
subjects, and 24 patients met the exclusion criteria. Te 134 patients who met the inclusion criteria were divided into 65 patients in the
control group (3 patients lost to follow-up) and 69 patients in the observation group (5 patients lost to follow-up), so 126 patients were
actually completed the study, including 62 patients in the control group and 64 patients in the observation group. Te control group
responsible disc received RFAT, and an interventional circulatory perfusionwas performed; the observation group received RFAT, and an
interventional circulatory perfusion was performed, and then autologous PRP 2ml was injected. Visual Analog Scale (VAS) andOswestry
Disability Index (ODI) were performed before and 4 and 8weeks after treatment, and the efcacy was evaluated at 4 and 8weeks after
treatment. Te changes of lumbar disc MRI before and after treatment were observed. Results. Te diferences in the Visual Analog Scale
(VAS) scores and the Oswestry Disability Index (ODI) between the observation group and the control group before the treatment were
not statistically signifcant (P> 0.05 in both). However, four weeks and eight weeks after the treatment, the VAS scores and theODIs were
signifcantly lower in both groups than those before the treatment (P< 0.05 in both). In terms of the therapeutic efcacy, eight weeks after
the treatment, the total efective rates in the control group and the observation group were 67.7% and 87.5%, respectively, with the
observation group being superior to the control group (P< 0.05).Conclusion. After RFAT, interventional circulatory perfusion combined
with autologous PRP intramedullary injection in the lumbar disc is a safe and efective treatment for DLBP, and it had superior long-term
efects in improving the clinical symptoms and patient dysfunction than the RFAT and interventional circulatory perfusion.

1. Introduction

Discogenic low back pain (DLBP), also known as low back
pain (LBP), is a highly common clinical syndrome caused
by the intervertebral disc degeneration (IVDD) and can
have a severe efect on people’s work and daily lives. In the

United States, 84% of the population is afected by DLBP
to some degree during their lives, and the annual cost of
treating LBP is as high as US$500 billion. Its incidence has
been increasing year by year, making it currently one of
the main causes of physical disability in the middle aged
and the elderly [1–3].
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At present, DLBP is mostly treated with radiofrequency
thermocoagulation (RFT). Percutaneous RFT of the in-
tervertebral disc can directly degenerate, coagulate, and reduce
the physical volume of the nucleus pulposus (NP) of the
protruding diseased part and relieve the pressure, while rarely
damaging the normal NP tissue. Moreover, the thermal co-
agulation of the annulus fbrosus (AF) can successfully block
the pain signal transmission of its sinus vertebral nerve (SVN)
endings [4, 5]. In addition, RFT has the electrothermal co-
agulation efect of an electric knife, which means it can co-
agulate and repair the AF of the damaged intervertebral disc
[6]. However, it has no regenerative repair efect on theNP, and
since IVDD gradually increases with age, the long-term efect
of RFT is poor, and most patients are prone to a recurrence of
DLBP [7].

In recent years, the rise of autologous biotechnology,
such as the stem cell transplantation and platelet-rich
plasma (PRP) injection therapy, has brought new hope
for a more efective treatment of degenerative diseases in
the elderly population [8–10], and PRP is now widely used
in clinical practice. Research has found that PRP is also
particularly suitable for treating DLBP caused by IVDD
for several reasons [11]. First, PRP contains a much higher
concentration of platelets than the physiological con-
centration. After activation, numerous growth factors,
such as transforming growth factor-β1, platelet-derived
growth factor, insulin-like growth factor, and epidermal
growth factor, are released by the platelets to mediate
tissue repair. Second, PRP contains various anti-
infammatory factors, including interleukin-receptor
antagonist, interleukin 4 (IL-4), IL-10, and IL-13. Fi-
nally, the adhesion factors and chemokines in PRP may
recruit endogenous stem cells to the NP and promote the
regeneration of NP cells and collagen secretion, together
with the regeneration and repair of the degenerated in-
tervertebral disc [12–15]. However, few clinical in-
vestigations have been reported concerning the use of PRP
for DLBP. In the present study, the clinical efcacy of an
autologous PRP perfusion via an interventional micro-
circulation system (IMCS), as developed by Dai et al.
[16, 17], combined with RFT, was observed in patients
with DLBP.

2. Materials and Methods

2.1. General Materials. With the approval of the Ethics
Committee of the Second Afliated Hospital of Nanchang
University, patients with DLBP attending the hospital between
January 2020 and November 2022 were selected as the study
objects. All the patients underwent amagnetic resonance image
(MRI) of the lumbar spine. Te NP structure, signal intensity,
boundary between the NP and the AF, and disc height were
evaluated according to the Pfrrmann grading system.

Te inclusion criteria were as follows: (1) patients with
recurrent or persistent pain in one side or both sides of the back
for more than three months and a single-segment degenerative
disc herniation of grade I (with no rupture of the AF and no
herniation of the NP) on the MRI. For the suspicious cases,
further discography was performed to confrm the diagnosis;

(2) patients aged 30–75 years and of either gender; and (3)
patients who gave informed consent.

Te exclusion criteria were as follows: (1) patients with
a lumbar disc herniation of greater than grade I; (2)
patients who had scoliosis or spinal fractures or had
undergone spinal surgery; (3) patients with severe oste-
oporosis; (4) patients with lumbar tuberculosis, in-
fections, tumors, or other diseases; (5) patients with trunk
neuromuscular diseases; (6) pregnant or lactating women;
(7) patients with rheumatism, rheumatoid arthritis, or
systemic lupus erythematosus; or (8) patients with mental
illness or severe cognitive dysfunction; (9) patients
complicated with necrosis of the femoral head; and (10)
patients complicated with lumbar spondylolisthesis or
spinal canal stenosis.

A fow chart including the total, included, excluded, and
withdrawn patient numbers is illustrated in Figure 1. Finally,
a total of 126 patients were included, and they were ran-
domly divided into a control group (n= 62) and an ob-
servation group (n= 64). In the control group: 38 males and
24 females; age 32 to 68 years, mean (49.32± 6.42); disease
duration 6 to 13months, mean (9.47± 2.36) months. In the
observation group: 34 males and 30 females; age 32 to
73 years, mean (49.84± 5.67); duration 4 to 16months, mean
duration (10.45± 4.32) months. No diference was found in
the baseline data between the two groups (P> 0.05); the data
are displayed in Table 1.

Tis study was approved by the Ethics Committee of the
Second Afliated Hospital of Nanchang University (ap-
proval number: (2019) No. (105)). In addition, all patients
signed the informed consent by themselves.

2.2. Surgical Methods. Te control group received targeted
RFAT, while the observation group received targeted RFAT
combined with PRP injection and interventional circulatory
perfusion.

Before the PRP procedure, the physical condition of the
recipient was assessed by a transfusion physician to ensure
safe collection. After the assessment, the patient’s elbow vein
access was established, and the preparation of PRP was
performed as follows: platelet monocollection was done by
the requirements of the “Blood Station Quality Management
Standards” and “Quality Requirements forWhole Blood and
Component Blood.” Te autologous platelets were collected
for autologous treatment, and the rest of the components
were returned for transfusion by following the laws and
regulations related to autologous blood transfusion. Te
Nangal Automatic Blood Component Separator carried out
the platelet-rich plasma preparation (Model: NGL XCF3000
(Sichuan Nangal Biomedical Co., Ltd.)) (the concentration
of platelet is 2.0∼3.0×1011/250mL bag, i.e., 800∼1000×109/L,
and the average use is 2.81× 109/L) for patients with slightly
lower platelets. Platelets can also reach more than 500×109/L,
which can be adjusted according to each patient’s PRP
collection before the routine blood test indicators, the
required collection volume, and the corresponding con-
centration to achieve the requirements, the collection of
samples left for testing, in line with the needs of the PRP
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treatment concentration (the universal scholarly research
pointed out that platelet concentration of 500–1000×109/L
to promote the best efect of repair). Fresh platelets were
put into the platelet shaker (Model: SJW-IB (Shandong
Sanjiang Medical Technology Co., Ltd.)), 20–24°C shaking

and stored for fve days efectively, and the rest were put
into the ultralow-temperature refrigerator (Model:
MDF-382 (Panasonic Cold Chain (Dalian) Co., Ltd.))
−80°C for storage and thawed using a 37°C water bath
(Model: JXH-II (Guangzhou Jinxiangying)) to rewarm

MRI examination showed that the nucleus was altered in T2 
weighted image and was rated grade II to V according to the 
Pfirrmann scoring criteria, meet clinical diagnostic criteria

Determine whether there were clinical signs and symptoms of disc-derived
low back pain, and other abnormalities such as lumbar spinal 

stenosis, lumbar spondylolisthesis were excluded

Disc degeneration cannot be determined according to 
the Pfirrmann scoring criteria

Contrast agents extravasates in the nucleus pulposus and 
can cause the same repetitive low back pain as in the 

past?

They were randomly divided into the control and observation groups

In control group: RFAT 
was administered in 65 

patients

In observation group: 69 patients 
received RFAT, and injected with 2.0 ml 

PRP

62 patients control group patients 
completed the subjects

64 patients in the observation group 
completed the subject

All patients had bed rest for 1d and avoided heavy physical 
labor during the observation period

They were evaluated by VAS score and Oswestry dysfunction index, 
collected data, and made statistical analysis

Lumbar intervertebral discography was 
performed

or

Yes No

Figure 1: A fowchart including the total, included, excluded, and withdrawn patient numbers.

Table 1: Basic data of two groups of patients (x± s).

Group n Age Gender (male/female) Average
course of disease

Te control group 62 49.32± 6.42 38/24 9.47± 2.36
Te observation group 64 49.84± 5.67 34/30 10.45± 4.32
P 0.964 0.354 0.612
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Taw for not less than 5minutes. After collection, the
patient was asked to lie down and could eat to replenish
energy.

After entering the operating room, life indications such as
venous passage, oxygen inhalation, blood pressure, and heart
ratemonitoringwere established. (1) TargetedRFAT: patients in
both the control and observation groups were made to lie in the
prone position, with an abdominal pillow. Te puncture point
was positioned and marked under a C-arm X-ray machine.
After the routine towel laying disinfection, the puncture was
performed under an X-ray guidance and local anesthesia. In
case of a breakthrough and the tip of the needle reached the
middle posterior third of the diseased disc close to themidline of
the spine within the nucleus pulposus adjacent to the annulus
fbri, the sensory andmotor nerve stimulations were performed.
Ten, the targeted RFAT was conducted; (2) interventional
circulatory perfusion operation: after RFAT was conducted by
the use of IMCS, interventional circulatory perfusion was
performed in both the control and observation groups. Firstly,
the radiofrequency electrode needle was subsequently extracted,
but the outer tube of the puncture needle was left still in the
original position. Secondly, an interventional microcirculation
perfusion casing system (a multifunctional stem cell transplant
gun, patented: ZL201921035597.8 and IMCS has been granted
invention patent authorization, ZL202110827937.6) was
inserted into the outer tube of the puncture needle and under
fuoroscopy ensured that the IMCS tip was accurately located at
the therapeutic target. Tirdly, the interventional circulatory
perfusion was performed and the burning products and the
acidic metabolic fuid accumulated in the degenerative disc
were slowly washed out; (3) after the abovementioned two
steps, a 2.0ml PRP was injected into the target site in the
observation group. (Figure 2(a)). Ten, the IMCS was pulled
out along with the coat needle. A sterile dressing was applied
externally to the puncture point. All patients had bed rest for
24h, avoided lifting weights, and avoided excessive fatigue and
heavy physical labor during the observation period.

Yellow-red cloudy liquid in the syringe is shown by the red
arrow (potential mixture of small red blood cells, coagulated
fbrin, and burning necrotic tissue. Te right-position syringe
is clear saline that acts as a contrast (Figure 2(b)).

2.3. Terapeutic Efcacy Assessment. Complications during
the PRP injection were observed. Te pain levels were assessed
using the Visual Analog Scale (VAS), and the functional im-
pairment level was assessed using theOswestryDisability Index
(ODI) before treatment and at four and eight weeks after
treatment. Te therapeutic efcacy was classifed into four
grades [18] as follows: (1) “cured” meant there were no clinical
symptoms, and the lumbar function was normal; (2) “very
efective” meant all the symptoms, or at least the main ones,
had disappeared, and there was a recovery of the lumbar
function allowing the person to participate in normal labor or
work; (3) “efective” meant the main symptoms had dis-
appeared, and the improvement in the lumbar function was
such that the person could now take care of themselves or
participate in labor and work; and (4) “inefective” meant there
was little or no improvement. Te total efective rate was

calculated as the number of cases graded as (cured+very
efective+ efective)÷ the total number of cases× 100%. Te
T2-weighted image (T2WI) signal changes of the intervertebral
discs were observed using the magnetic resonance imaging
(MRI) before and after treatment to evaluate the efects of
hydration enhancement on the degenerated discs in the ob-
servation and control group.

2.4. Statistical Methods. Te VAS and ODI data of 126
patients were recorded in Microsoft Excel and analyzed
using SPSS™ Statistics v22.0 statistical software. Te mea-
surement data were expressed as means± standard de-
viations (x± s) using a t-test or a repeated-measures analysis
of variance. Te countable data were expressed in rates or
percentages using χ2 test. A value of P< 0.05 was considered
statistically signifcant.

3. Results

3.1. Comparison of Terapeutic Efcacy. Te total efective
rate of the control group was 67.7% and that of the ob-
servation group was 87.5% (Table 2). Te efcacy of the
observation group was signifcantly higher than that of the
control group (χ2 � 4.05, P< 0.05).

3.2. Comparison of the Visual Analog Scale Scores and the
Oswestry Disability Indexes. Before treatment, the diferences
in the VAS scores and the ODIs were not statistically signif-
icant between the two groups (P> 0.05 in both). At four and
eight weeks after treatment, the VAS scores and ODIs in the
two groups were signifcantly lower than those before treat-
ment (P< 0.05). However, the diferences in the VAS scores
and ODIs between the observation group and the control
group at four weeks after treatment were not statistically
signifcant (P> 0.05). At eight weeks after treatment, the VAS
scores and ODIs in the observation group were signifcantly
lower than those in the control group (P< 0.05). With regard
to the intragroup comparison, in the observation group, the
reductions between four weeks and eight weeks after treatment
were not noteworthy (P> 0.05), and the diferences were not
statistically signifcant. However, in the observation group, the
reductions in the VAS scores and ODIs between four weeks
and eight weeks after treatment were marked (P< 0.05), and
the diferences were statistically signifcant (Table 3). Notably,
the reduction in the VAS scores and ODIs in the observation
group continued until eight weeks postoperatively, whereas the
rate of reduction in the VAS scores and ODIs in the control
group was not obvious from four to eight weeks post-
operatively (Figure 3). Tese results suggest that both RFAT
and RFAT combined with autologous PRP perfusion via an
IMCS can be efective in the treatment of DLBP caused by
IVDD, but the latter might be more efective than RFAT in the
long run (at least up to eight weeks later).

In the observation group, there were no serious compli-
cations during the PRP perfusion, such as nerve root injury,
multifdus abscess, cauda equina syndrome, spondylitis, or
thrombosis, and only a few patients had mild-to-moderate
swelling and pain, which disappeared within 1-2 days.
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3.3. Changes in the Magnetic Resonance Images of Lumbar
Discs in Both the Control and Observation Groups. Te
magnetic resonance images (MRIs) of typical patients in the
control and observation groups are shown in Figures 4 and

5, respectively. In the observation group, the MRI of the
lumbar discs before treatment suggested that the T2WI
signals of L4-L5 discs were reduced in both the sagittal
and cross-sectional views. Te T2WI signals in the MRI of

Figure 2: (a) After RFAT in both groups, the accumulated cautery products and a large amount of acidic metabolic waste solution were
gradually washed out by circulating perfusion (indicated by red arrows), and then the observation group was injected with 2.0ml PRP.
(b) Yellow-red cloudy liquid in the syringe shown by the red arrow (potential mixture of small red blood cells, coagulated fbrin, and burning
necrotic tissue. Te right-position syringe is clear saline that acts as a contrast). Principles of interventional microcirculation perfusion
therapy: on the one hand, decompression of diseased intervertebral disc. Eliminating infammatory products, burning necrosis, and
metabolic waste to improve the adverse efects of the damagedmicroenvironment on the formation of proteoglycans of the nucleus pulposus
cells; on the other hand, the input of the autologous PRP. Te coagulation mechanism is activated in the minimally invasive environment.
Prompted the PRP gel formation. Progressive release of multiple bioactive factors. While receiving authentic stress stimulation in situ. Te
recruitment of mesenchymal stem cells homing under the stimulation of three-dimensional networked biological signals such as bio-
mechanics. Colonization diferentiated into highly active disc cells. Involved in the synthesis of aggrecan and collagen. Promote water
absorption and hydration of the disc. Simultaneously, regeneration and repair of collagen fber rings. Not only delay degenerative
manifestations such as disc dehydration. Also, reconstructed the regenerative microenvironment of the intervertebral disc.

Table 3: Comparison of the VAS score and the ODI of the two groups (x± s).

n Indicator Before
treatment

4 weeks
after

treatment

8 weeks
after

treatment
P1 P2 P3

Te control group 62 Te VAS score 6.56± 1.32 5.96± 1.62 5.24± 1.05 0.046∗ 0.034∗ 0.352
Te observation group 64 6.83± 1.43 5.43± 0.67 3. 31± 1.76 0.043∗ 0.023∗ 0.035∗
P4 0.832 0.214 0.042∗
Te control group 62 Te ODI (%) 38.42± 5.87 33.78± 4.82 31. 87± 4.73 0.045∗ 0.041∗ 0.276
Te observation group 64 38.84± 6.03 27.65± 8.37 18. 43± 4.72 0.039∗ 0.021∗ 0.024∗
P4 0.965 0.167 0.032∗

Note.P1 indicates the P value of the VAS score or ODI at 4weeks after treatment compared with the VAS score or ODI before treatment; P2 indicates the P

value of the VAS score or ODI at 8weeks after treatment compared with the VAS score or ODI before treatment; P3 indicates the P value of the VAS score or
ODI at 8weeks after treatment compared with the VAS score or ODI before treatment; P4 indicates the P value of VAS score or ODI comparison between two
groups at diferent time points. ∗indicates a signifcant diference (P< 0.05).

Table 2: Comparison of the clinical efcacy at 8 weeks after the treatment between the two groups.

Group n Cure Obvious efective Efective Inefective Total
efective/inefective

Te control group 62 3 16 23 20 42/20
Te observation group 64 9 20 27 8 56/8
P 0.038∗
∗Tere was a signifcant diference between two groups (P< 0.05).
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the L4-L5 discs in the right panel were signifcantly higher
than those of the same segment in the left panel after the
PRP perfusion treatment via IMCS. However, in the
control group, no increase was observed in the T2WI
signal of MRI.

4. Discussion

Te lumbar spine is the section that bears the most weight,
has the greatest range of motion, and plays the most
prominent role. IVDD is known for the underlying cause of
DLBP [19], and it often leads to the following: (1) mechanical
changes: physiologically, the adult intervertebral disc is al-
most devoid of blood vessels, and only small vessels from the
segmental arterial branches penetrate around the AF, mostly
at the anterior and posterior edges of the disc. Tese innate
anatomical weaknesses cause the lumbar intervertebral discs
to undergo extreme biomechanical stimulation, and over
time, the stress leads to the less elastic NP crossing the
weakened AF [20]; (2) pain changes: the level of pain de-
pends on the pain-sensitive tissues of the spinal canal—AF of
the disc, the posterior longitudinal ligament, and the SVN

endings distributed on the surface of the dura [21]; and (3)
chemical changes: the locally injured intervertebral disc
transforms from being self-contained to contact with the
outside world and due to the antigenic properties of in-
tervertebral disc tissues, an immune-infammatory response
is triggered, resulting in an autoimmune reaction in the disc
and chronic infammation and LBP [22].

Te targeted RFT therapy is a common method for the
treatment of DLBP due to IVDD [23]. Tis therapy involves
the emission of a high-frequency RF current through
a magnetic feld. Te RF current generates a change in the
magnetic feld at the tip of a working electrode, which causes
molecular movement and heat generation in the target tissue
covered by the magnetic feld, and the thermal coagulation
destroys the tissue in the target area. It can denature, co-
agulate, and reduce the physical volume of the protruding
diseased part of the NP, thereby relieving the pressure. As it
rarely injures the normal NP tissue, it is a considerable
improvement on the traditional method of treatment, which
involves destroying the normal NP. Te AF-targeted ther-
mocoagulation can successfully block the pain signaling of
the SVN endings within the AF, while the RFT has the
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Figure 3: Changes in the visual analog scale scores and Oswestry disability index before and after treatment in the two groups.
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electrothermal coagulation efect of an electric knife and can
restore the AF of the damaged disc. Although the targeted
thermal coagulation alone is efective, most patients relapse
within 1–3 years, so it provides a purely temporary physical
relief that does not reverse the pathological process and,
therefore, has less than ideal long-term results [24].

No matter whether the pain is caused by the mechanical
or chemical changes, it is essentially due to a disruption of
the survival microenvironment of the NP cells. Te level of
pain may be determined physiologically by detecting the
osmotic pressure and pH of the injured area [25, 26]. Just as
changes in osmotic pressure, pH, or chemical composition
indicate pain in other organs, for instance, toothache or
stomachache, the same is true for discogenic pain.

Nachemson [27] measured the pH of prolapsed discs
in vivo with the use of a ladder electrode needle, and when
the pH was <7, an infammatory response was observed in
the nerve endings. However, the same reaction did not

always occur in alkaline pH, and in pH ≤6.1, the nerve roots
were found to be encapsulated in thick active scar tissue.
Tey believed that the chemical composition of the pro-
lapsed disc tissue might also contribute to the symptoms and
was independent of its size. Even if the disc was not pro-
lapsed, the nerve structures surrounding the disc, such as the
posterior longitudinal ligament, could be irritated by the
chemical changes occurring within the structure. As for
other organs, a weakened metabolism was believed to induce
the chemical processes that altered the osmotic pressure and
pH of the disc tissue. Tey also hypothesized that protein
hydrolases in the lysosomes of the connective tissue might
act as catalysts, prompting the release of acidic amino acids
from the proteoglycan complexes of the disc matrix, which
might lead to a decrease in pH, and that an increased
concentration of free acidic mucopolysaccharides might
further decrease the pH. In addition, Diamant et al. [28]
reported that the disc pH measured intraoperatively was

(a) (b)

(c) (d)

Figure 4: (a) T2-weighted image of MRI in the control group in 2022-1-14; (b) MRI T2-weighted image in 2022-3-8; the height and
penetration of L4-L5 disc showed no improvement than before treatment, and the sign of disc “bulging” still exists; (c) MRI performance of
L4-L5 transverse section in the control group before treatment in 2022-1-14; (d) MRI performance of L4-L5 transverse section after
2months of 2022-3-8 treatment.
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inversely proportional to the concentration of the lactate and
a lower pH was correlated with a higher lactate concen-
tration and vice versa. Tey speculated that, if the micro-
environment within the disc continued to deteriorate with
the maintenance of a relatively high hydrostatic pressure,
easily soluble acidic metabolites might be extruded from the
disc under high pressure, triggering an infammatory re-
sponse in the peripheral nerve fbers. Meanwhile, this would
induce changes in the proteoglycan and collagen and ac-
celerate IVDD. It was also suggested that PRP could ac-
celerate IVDD by promoting the NP cells to synthesize
aggrecan and collagen and by directly stimulating the dif-
ferentiation of bone marrow stromal cells into mature in-
tervertebral disc cells, these cells being the two main
components of the intervertebral disc extracellular matrix.
Moreover, it was thought that, as the main proteoglycan,

aggrecan promotes water absorption and disc hydration,
thereby delaying the degenerative manifestations such as
disc dehydration [29].

It was expected that DLBP caused by IVDD could be
treated efectively by improving the local infammatory
metabolic microenvironment of the degenerated disc and
promoting the synthesis of aggrecan and collagen. In the
present study, an IMCS annular perfusion cannula was used
to puncture the same target of the intervertebral disc with
RFT under the guidance of a C-arm X-ray machine. Dai
Jianghua et al. independently developed IMCS, through the
cyclic perfusion efect of normal saline, the yellow-red
cloudy acidic metabolic fuid accumulated locally in the
degenerated intervertebral disc was slowly fushed out
(Figure 2), and then 2.0ml of PRP was injected. Te MRI of
the degenerated intervertebral discs suggested that the T2WI

(a) (b)

(c) (d)

Figure 5: (a) T2-weighted image of MRI before treatment in 2022-03-07 observation group; (b) T2-weighted image of MRI in 2022 after
2months of treatment; the height and thickness of L4-L5 disc increased slightly compared with before treatment, and the degree of “bulging”
of the diseased disc in (b) was reduced compared with (a); (c) T2-weighted image performance of L4-L5 disc level before treatment in 2022-
03-07 observation group; (d) T2-weighted image performance of L4-L5 disc level 2months after treatment in 2022-06-05 observation group,
indicating that the MRI T2WI signal of the same disc was increased compared with preoperative, indicating the enhanced hydration of disc
after treatment and no obvious fat infltration.
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signal was reduced in both the sagittal and cross-sectional
views. It was observed that, with the combined application of
PRP, the T2WI signal of the degenerated disc in the same
segment was higher in the observation group after treatment
than that before surgery (Figures 4 and 5), suggesting that
PRP promoted the hydration of the degenerated disc.

Under normal physiological conditions, the de-
generation of the lumbar disc in humans as they age is
accompanied by changes in the NP cells and the extracellular
matrix, that is, a deterioration of the intradisc microenvi-
ronment, which eventually leads to the structural de-
struction of the disc [30]. Current clinical investigations and
animal experiments have demonstrated the presence of
cellular necrosis within the degenerated disc, that is, acti-
vation of the apoptotic pathways due to nutrient defciency
within the disc, causing cellular self-regulation, which leads
to disc degeneration [31–33]. Given the unique advantages
of both RFTand autologous PRP regenerative repair, the two
therapies were combined to play a coordinating role in
promoting each other. It was speculated that the local high
temperature generated by RFT might destroy the hyper-
sensitive nerve receptors in the intervertebral disc, reduce
the nociceptive peripheral nerves, block the nociceptive
nerve conduction pathway, and improve the symptoms of
LBP in patients. Te acidic metabolic waste accumulated
locally in the degenerated disc might be gradually discharged
from the body by means of perfusion via IMCS (Figure 2). In
the present study, with the completion of the thermal co-
agulation and perfusion via IMCS, approximately 2ml of
PRP was injected into the NP to stimulate collagen re-
generation in the NP and slow down the degeneration
process of the lumbar disc. By comparing RFAT combined
with PRP perfusion (the observation group) with RFAT (the
control group), it was found that, at four weeks after
treatment, the pain symptoms were relieved in both the
observation group and the control group. However, at eight
weeks after treatment, the observation group had further
improvement, while the control group had no signifcant
change. Terefore, it is suggested that intramedullary au-
tologous PRP perfusion via IMCS combined with RFAT
might be a safer and more efective treatment modality than
RFAT, particularly in the long term, and the combined
therapy appears likely to fundamentally slow down the
degeneration process of the lumbar disc.

Many animal and clinical trials in China and elsewhere
have shown the synergistic efect of multiple growth factors
improving the symptoms of DLBP by efectively delaying the
degeneration of intervertebral discs [34, 35]. It appears that
the new method of PRP perfusion via IMCS could provide
a benefcial regenerative microenvironment for the re-
generation and repair of the diseased tissues and organs. Te
high concentration of platelets contained in PRP releases
multiple growth factors after activation to promote mitosis,
proliferation, and diferentiation by the synthesis of NP cells
and the extracellular matrix. Nevertheless, the mechanism of
IVDD is not yet fully understood, and the quality control of
PRP still needs to be improved. It is therefore suggested that
a multicenter double-blind randomized controlled study
with a larger sample size and longer follow-up duration

should be conducted in the future. Our next step is to in-
crease the evaluation results of patient’s VAS score and ODI
after 6months and 12months.

Evidently, there are some limitations to this study. First,
the sample size of the study was small, andmore prospective,
large-sample, and multicenter studies should be conducted
to validate the fndings. Second, the evaluation of the
treatment efcacy was mainly based on the clinical scores
and MRI; however, the histological observations may be
more convincing. Moreover, comparisons between the two
groups were performed only at four and eight weeks
postoperatively, and longer postoperative observations
should be supplemented in the future studies.

5. Conclusion and Outlook

In conclusion, it appears that IMCS can drive in vivo mi-
crocirculation through extracorporeal circulation, realizing
a dual circulation-driven model of internal and external
circulation, overturning the traditional paradigm that the
microcirculation reconstruction of the diseased tissues and
organs in situ can only be achieved via internal circulation. It
is hoped that IMCS could be used to loosen and decompress
the diseased tissues and perfuse the circulation in an almost
noninvasive manner, which could improve the local in-
fammatory microenvironment of the diseased tissues and
organs by discharging the metabolic waste from the body in
a timely and convenient manner. Biomarkers, such as
metabolomics and proteomics, could be analyzed at the
molecular level of the dischargedmaterial, and, furthermore,
the use of autologous biotechnology could provide a precise
and regenerative green treatment plan for the complete cure
of degenerated and damaged tissue and organ diseases. Te
precise and efcient combination of IMCS and autologous
biotechnology is promising for clinical application.
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