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Platelet-rich plasma for the
treatment of discogenic low back
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controlled trial
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Objective: This study aimed to compare the therapeutic effect of PRP and
methylene blue injection in patients with discogenic low back pain.

Methods: A total of 40 patients with discogenic low back pain were randomly
divided into two groups, with 20 patients in group A receiving platelet-rich
plasma injections and 20 patients in group B receiving methylene blue
injections. Visual analog scale (VAS) scores, Japanese Orthopaedic Association
(JOA) scores, Pfirrmann grades, and MRI apparent diffusion coefficients (ADCs)
were recorded in both groups before the injections and 6 months after
the injections.

Results: Compared with group B, the postoperative VAS score of group A was
significantly decreased, while the JOA score and ADC score were significantly
increased (P<0.05). There was no significant difference in Pfirrmann grade
between the two groups after surgery (P>0.05). In group A, the Pfirrmann
grade after surgery was lower than before surgery (P<0.05), and the ADC
score was higher than before surgery (P<0.05). There was no significant
difference in Pfirrmann grade for the patients in group B before and after
surgery (P>0.05), and their ADC score was lower than that before surgery
(P<0.05).

Conclusion: Compared with a methylene blue injection, platelet-rich plasma
can significantly reduce pain, improve the function of the lumbar spine,
increase the diffusion ability of water molecules in the intervertebral disc, and
improve the degree of intervertebral discogenic degeneration in patients with
discogenic low back pain.

KEYWORDS

discogenic low back pain, platelet-rich plasma, Pfirrmann grading system, magnetic
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1 Introduction

Chronic low back pain ranks first in global disease burden, with discogenic low back
pain accounting for approximately 40% and tending to occur more frequently in younger
patients (1). Discogenic low back pain refers to intractable low back pain caused by lumbar
discogenic degeneration. Currently, most of the treatment methods are minimally invasive
interventional therapies, such as radiofrequency thermocoagulation, ozone injection, and
methylene blue injection. According to its pathogenesis, these treatments can eliminate its
symptoms, but do not improve the underlying degenerative changes. In recent years,
in vitro and in vivo studies and clinical data have proven the safety and effectiveness of
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platelet-rich plasma (PRP) in the treatment of discogenic low back
pain, inhibiting disc degeneration and delaying the disease process
(2). However, higher-quality evidence and studies on discogenic
morphological changes are lacking. In addition, the authors’
previous studies found that patients with discogenic low back pain
with complete rupture of the annulus on discography may also
experience epidural leakage during an injection of methylene blue,
and the drugs remaining in the disc do not play a therapeutic role
(3). Therefore, 40 patients with discogenic low back pain who did
not leak contrast agent into the spinal canal during an epidural
) divided into
two groups. Group A received platelet-rich plasma injections and

were selected and randomly (

group B received methylene blue injections. Thus, this study aimed
to explore the therapeutic effect of these two methods and observe
the morphological changes of the intervertebral disc under MRI
before and after the injections, so as to provide a clinical reference
for the treatment of discogenic low back pain.

2.1 Research objects

This study was a prospective, randomized controlled study and
was reviewed by the Ethics Committee of Zigong Fourth People’s
(ethics EC-20220172-01) and
registered with the China Clinical Trial Center (registration
number: ChiCTR2400085027). Patients with discogenic low back
pain who received injection treatments at Zigong Fourth People’s

Hospital approval number:

Hospital from June 2024 to September 2024 were selected for the
study. All patients provided signed informed consent. This study
adhered to the CONSORT guidelines ( ).

2.1.1 Inclusion criteria

The inclusion criteria were as follows: patients with clinical
diagnosis of discogenic low back pain; low signal in the
intervertebral disc with high signal at the posterior margin of the
intervertebral disc on lumbar MRI T2 lipomatography; age
between 18 and 65 years; total course of disease of more than 6
months, conservative treatment was ineffective, and a visual
analog scale (VAS) score of >4; imaging examination showed no
obvious lumbar spondylolisthesis, lumbar disc herniation, lumbar
spinal stenosis, lumbar fracture, and lumbar tumor.

2.1.2 Exclusion criteria

The exclusion criteria were as follows: the patient or their family
requested a withdrawal; puncture failure; patients with an annulus
rupture on discography and leakage of contrast media in the spinal
canal epidural; patients with mental illness who could not cooperate;
patients with communication disorders; patients who had infected
puncture sites; patients with cardiopulmonary diseases who could
not tolerate surgery; and patients with abnormal coagulation function.

Abbreviations
PRP, platelet-rich plasma; VAS, visual analog scale; JOA, Japanese Orthopaedic
Association; ADC, apparent diffusion coefficient.
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2.2 Preoperative preparation

The operation was performed under local anesthesia.
A fluoroscopic operating table and a prone frame were used
during the operation. Group A was injected with platelet-rich
plasma: 10 mL of venous blood was taken from the body,
centrifuged at 4,500 RPM for 10 min, and 2 mL of platelet-rich
plasma was prepared with sodium citrate as the anticoagulant.
Group B was injected with 1 mL/10 mg of methylene blue.

2.3 Surgical methods

The patient was placed in a prone position and positioned under
C-arm fluoroscopy before surgery. The median posterior spinal line
and the horizontal line of the targeted intervertebral space were
marked. The puncture point was located on the horizontal line
and was opened 6-8 cm away from the symptomatic side. The
insertion angle was parallel to the upper and lower endplates of
the targeted intervertebral body. A puncture between the fifth
lumbar vertebra (L5) and the first sacral vertebra (S1) avoids any
obstruction by the iliac crest and allows for an appropriate
puncture angle with the upper and lower endplates. With the
assistance of C-arm fluoroscopy and local anesthesia, an 18-gauge
puncture needle was inserted into the intervertebral disc through
the Kambin safety triangle. The tip of the needle was placed near
the center of the intervertebral disc on the C-arm fluoroscopy
film, and at the back 1/3 of the intervertebral disc on the lateral
film. No blood or cerebrospinal fluid was extracted from the
syringe. Then, 1 mL of iohexol was injected at a rate of 0.5 mL/ s
to perform a discography. If the intervertebral disc in question
induces a reproduction of the original pain, and at least one
adjacent disc does not induce a reproduction of the original pain,
the discography is positive (4). At this time, the morphology of
the disc was observed, and the patients with incomplete annulus
fibrosa rupture and no contrast agent leakage in the spinal canal
epidural were randomly divided into groups A and B (

). After the completion of the injections, the
puncture needles were removed, and after observation for adverse
reactions, the patients’ wounds were disinfected with iodophor
and covered with a sterile dressing.

In group A, 1 mL of platelet-rich plasma was injected using a
puncture needle at a uniform rate. A typical case is shown
in

In group B, 1 mL/10 mg of methylene blue was injected using a
puncture needle at a uniform rate. A typical case is shown
in

2.4 Postoperative procedure

The patients were encouraged to be mobile, while wearing a
waist belt, after 4 h in bed. Core muscle strength exercises, such
as semi-squat against the wall, plank support, and supine knee
lift, were performed from the first day after surgery. Waist belts
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FIGURE 1
CONSORT 2010 flow diagram.
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were worn for 2 weeks after the surgery. The patients were
recommended to avoid strenuous exercise and prolonged
standing for 3 months after surgery, and MRI was conducted
and reviewed 6 months after surgery.

2.5 Evaluation indices
2.5.1 Visual analog scale

The VAS is scored from 0 to 10 points, with 0 denoting no pain
and 10 denoting the most pain.

Frontiers in Pain Research

2.5.2 Japanese Orthopaedic Association scoring
system

The highest score in the Japanese Orthopaedic Association
(JOA) scoring system is 29 and the lowest is 0. The lower the
score, the more obvious the dysfunction. The JOA treatment
improvement rate (as a percentage) was calculated as follows:

(postoperative  score — preoperative  score)/(29 — preoperative
score)x100. Thus, 0%-24% indicated poor improvement,
25%-49%  indicated medium  improvement,  50%-74%

indicated good improvement, and more than 75% indicated
excellent improvement.
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FIGURE 2
A 55-year-old female patient with a positive lumbar discography and incomplete annulus fibrosus rupture was treated with a platelet-rich plasma
injection. 1-1, 1-2: intraoperative contrast anterior-lateral film; 1-3: preoperative Pfirrmann grade Ill; 1-4: postoperative Pfirrmann grade Ill; 1-5:
Preoperative mean ADC of 1,090.4 + 68.3; 1-6: mean postoperative ADC of 1,605.0 + 192.0.

2.5.3 Pfirrmann grades on lumbar MRI sagittal T2

lipomatosis (5)
The Pfirrman grading system is as follows: in Grade I, the

intervertebral disc structure shows uniform white high signal, the
boundary between the nucleus pulposus and the annulus fibrosus

Frontiers in Pain Research

is obvious, and the disc height is normal; in Grade II, the
intervertebral disc structure presents an uneven white high signal
with or without gray horizontal bands, the boundary between the
nucleus pulposus and the annulus fibrosus is obvious, and the
disc height is normal; in Grade III, the intervertebral disc
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FIGURE 3

A 64-year-old female patient with positive lumbar (L5/S1) discography and incomplete annulus fibrosus rupture was treated with a methylene blue
injection. 2-1, 2-2: intraoperative contrast anterior-lateral film; 2-3: preoperative Pfirrmann grade Ill; 2-4: postoperative Pfirrmann grade Ill; 2-5:
preoperative mean ADC of 1,632.4 + 249.5; 2-6: mean postoperative ADC of 1,572.9 + 162.5.

structure shows uneven gray signal intensity, the boundary between
the nucleus pulposus and the annulus fibrosus is not obvious, and
there is a slight decrease in disc height; in Grade IV, the disc
structure shows uneven gray or black low signal, the boundary
and annulus fibrosus has

between the nucleus pulposus

Frontiers in Pain Research

disappeared, and the intervertebral disc height has decreased
moderately; and in Grade V, there is uneven black low signal in
the intervertebral disc structure, the boundary between the
nucleus pulposus and the annulus fibrosus has disappeared, and
the vertebral space has collapsed.
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2.5.4 Magnetic resonance imaging apparent
diffusion coefficient

The system transmits the MRI diffusion-weighted imaging
(DWI) data of the
workstation to automatically calculate the apparent diffusion

intervertebral disc to the syngo.via
coefficient (ADC) map. The ADC values of the nucleus pulposus
of each intervertebral disc were measured on the ADC images at
the transverse axis center level. During the measurement, the
nucleus pulposus region in the central part of the intervertebral
disc was selected. The region of interest size was 25-55 mm?* and
the shape was circular. The measurement was repeated three
times for each intervertebral disc and the average value
was calculated.

2.6 Statistical analysis

SPSS 23.0 software was used for the statistical analysis.
Measurement data were expressed as (X + s). The paired sample
t-test was used for intra-group comparisons and the independent
sample t-test was used for inter-group comparisons. The x* test
was used for counting data comparisons. P <0.05 was considered
statistically significant.

3 Results

In total, 40 patients (Figure 1) were included in the final
statistical analysis, including 18 men and 22 women, aged 26-64
years. They were randomly divided into two groups according to
the order of admission: (1) the platelet-rich plasma injection
group (group A) had 20 cases, including 11 men and 9 women,
aged 28-64 (43.8+11.3) years; and (2) the methylene blue
injection group (group B) had 20 patients, including 7 men and
13 women, aged 26-63 (45.5+11.2). There were no significant
differences in age and gender between the two groups (P> 0.05).

The preoperative VAS scores, JOA scores, Pfirrmann grades,
and ADC scores were not significantly different between the two
groups (P> 0.05).

There was no significant difference in Pfirrmann grade between
the two groups (P> 0.05). In group A, the Pfirrmann grade at 6
months after surgery was lower than that before surgery
(P<0.05), and the ADC score at 6 months after surgery was
higher than that before surgery (P<0.05). There was no
significant difference in Pfirrmann grade for the patients in
group B before and after surgery (P> 0.05), and their ADC score
at 6 months after surgery was lower than that before surgery
(P<0.05) (Table 1, Figure 4). No significant vascular and nerve
injury or infection complications occurred in the two groups.

The VAS score of group A at 6 months after surgery was
significantly lower than that of group B (P <0.05), and the JOA
score of group A at 3 months after surgery was significantly
higher than that of group B (P<0.05) (Table 2, Figure 5). The
average JOA score improvement rate in group A was
86.7% +10.9%, and the excellent rate was 100%. The average of
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TABLE 1 Pfirrmann grade and ADC before surgery and 6 months after
surgery (score, X + s).

Groups

Pfirrmann grade

6 months
after
surgery

Before
surgery

6 months
after
surgery

Before
surgery

Group A 3.10+£0.79 2.75+0.55 1,468.0 +375.4 1,734.0 £ 269.0
(n=20)

Group B 2.79 £0.67 3.00 £0.46 1,625.7 £224.2 1,458.5 £276.3
(n=20)

t-value 1.06 1.56 1.61 3.20
P-value 0.33 0.13 0.12 0.00

group B was 75.0% + 17.3%, and the excellent and good rate was
95%. The difference between the two groups was statistically
significant (t=2.5398, P <0.05).

4 Discussion

There are five typical clinical features of discogenic low back
pain: decreased sitting tolerance, limited stretching ability,
difficulty in holding weight, inability to maintain a fixed
position for a long time, and increased lower back pain after
movement. The cause of the pain could be discogenic
degeneration, the compression of nerve endings in the new
granulation tissue after an annulus fibrosus tear, and/or
nociceptive receptors receiving and transmitting pain
stimulation signals. Furthermore, pressure changes in the
intervertebral disc, the production of inflammatory mediators,
and stimulation of abnormal peripheral nerves cause pain. An
intervertebral disc is a type of vascularized tissue, which
completes the renewal of nutrients and substances through
passive diffusion, and is slow to repair itself after degeneration
or injury. In the past, the treatment of discogenic low back
pain was mainly conducted through a local puncture in the
intervertebral disc using chemical methods, such as
an injection of methylene blue, or physical methods, such as
radiofrequency thermocoagulation, which have been used to
destroy abnormal growing nerve endings and block pain
conduction to reduce symptoms (6). A previous study (7)
found that contrast media can also cause disc degeneration,
and the higher the dose, the higher the degree of disc
degeneration. However, the North American Spinal Surgery
Association states that discography is the only way to diagnose
discogenic low back pain (8). Although there is some
controversy, it can reproduce the pain and intuitively show the
degree of disc degeneration, and thus plays an irreplaceable
role in diagnosis. Iodohexol imaging has the least toxic effect
on nucleus pulposus cells, and the injection rate should be
controlled to 0.5 mL/second, the injection volume should be
1 mL, and the total amount should not exceed 3.5 mL (9).

At present, MRI is a commonly used auxiliary means for
diagnosing discogenic low back pain. Pfirrmann grading based
on MRI image analysis is the most commonly used grading

method for evaluating disc degeneration and provides a simple
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FIGURE 4
Pfirrmann grade and ADC before surgery and 6 months after surgery (score, X + s) (compared with group A, °P<0.05).

TABLE 2 VAS and JOA scores before surgery and 6 months after surgery
(score, X + s).

VAS JOA
Before 6 months Before 6 months
surgery after surgery after
surgery surgery

Group A 6.00+0.56 125+ 1.19 14.00 +2.20 27.00+1.78
(n=20)
Group B 590 +0.31 2.20+0.89 15.05 +2.56 25.60 +2.26
(n=20)
t-value 0.70 2.97 1.39 2.18
P-value 0.49 0.01 0.17 0.03

and relatively reliable evaluation standard for clinical work.
However, there are certain subjective biases, especially when
evaluating the degree of disc degeneration in the elderly. It is
difficult to distinguish between grades III and IV (5). MRI
DWI is currently the only MRI technology that reflects the
The ADC is
commonly used to reflect the microscopic movement of water

diffusion movement of water molecules.
molecules in tissues. The smaller the ADC value, the lower the
water content in the nucleus pulposus of the intervertebral
disc, the more difficult the diffusion of water molecules, and
the higher the degree of intervertebral disc degeneration. The
ADC value is

significantly negatively correlated with

Pfirrmann grading of intervertebral discs, and the combination
of the two can provide a more accurate and quantitative
evaluation of intervertebral discs (10).

PRP is autologous blood with a higher platelet concentration
than the physiological baseline and is obtained through
centrifugation. In recent years, PRP has been widely used in
the regeneration and repair of tissues such as tendons,
ligaments, and cartilage. With the deepening of research, its
application in intervertebral disc degeneration has gradually
increased. Given the pathogenesis of discogenic low back pain,
reducing the stimulation of inflammation on nerve endings,
enhancing the regenerative ability of the intervertebral disc,
repairing the intervertebral disc, increasing the water content,
and improving the ability of the intervertebral disc to resist
pressure are key to obtaining an ideal curative effect. Platelet-
rich plasma contains a large number of growth factors that
can promote stem cell differentiation, histiocytic proliferation,
matrix synthesis, and a variety of anti-inflammatory factors,
which can reduce inflammation. Furthermore, chemokines in
PRP can
tissue healing and regeneration (11). Compared to other

regulate the immune response and promote
regenerative medicine applications, such as growth factors and
stem cells, PRP is simple to manufacture and use, is low-cost,
and can be isolated from autologous sources without an

immune reaction.
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a

- 1

1 1
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FIGURE 5

VAS and JOA before surgery and 6 months after surgery (score, X + s) (compared with group A, °P<0.05).
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In this study, no nerve injury, inflammation, or infection
occurred after the injections of platelet-rich plasma, which further
indicates that a platelet-rich plasma injection is a safe method. The
postoperative VAS and JOA scores of group A were significantly
improved compared with those before the surgery, which
confirmed the effectiveness of platelet-rich plasma. In this study, a
randomized controlled clinical study was used to compare PRP
injection with methylene blue injection (the control group), a
commonly used injection treatment. There was no significant
difference in the VAS and JOA scores between the two groups
before surgery. At 6 months after surgery, the VAS score of group
A was significantly lower than that of group B, and the JOA score
of group A was significantly higher than that of group B, with
statistical significance. Moreover, the difference in the JOA
treatment improvement rate between the two groups was
statistically significant. Compared with methylene blue, platelet-rich
plasma can significantly reduce pain and improve lumbar function.

The Pfirrmann grade in group A at 6 months after surgery was
significantly higher than that before surgery, and there was no
statistical difference in group B before and after surgery. The
ADC value of the intervertebral disc in group A at 6 months
after surgery was higher than before surgery, while that in group
B at 6 months after surgery was lower than before surgery,
indicating that platelet-rich plasma plays a role in increasing water
content of the nucleus pulposus, repairing the intervertebral disc,
and reversing degeneration in terms of intervertebral disc
morphology. The degeneration of the intervertebral disc was
accelerated in the methylene blue group due to the dual factors of
methylene blue and the contrast media.

5 Conclusion

In conclusion, platelet-rich plasma is more effective than
methylene blue in patients with discogenic low back pain with
incomplete discogenic annulus rupture, as it increases the diffusion
ability of water molecules in the intervertebral disc and improves
the degree of intervertebral disc degeneration. However, the number
of cases in this study was small, the follow-up time was short,
patients with intervertebral disc annulus rupture were not included
in the study, and there was no uniform standard for the preparation
of the platelet-rich plasma or for the number, frequency, and
volume of the injections, so further in-depth research is needed.
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