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Abstract

Background: Various treatments for chronic low back pain (LBP) have been reported;

among them, platelet-rich plasma (PRP) as a regenerative medicine has attracted

much attention. Although Modic type 1 change (MC1) is associated with LBP, no

treatment has been established so far. In addition, no studies have administered PRP

to intervertebral discs (IVDs) in patients with LBP, targeting MC1 only. Thus, the pur-

pose of this study was to determine the safety and efficacy of PRP administration to

the IVDs in patients with MC1 experiencing LBP.

Methods: PRP was injected intradiscally to 10 patients with MC1 experiencing LBP.

Patients were followed prospectively for up to 24 weeks after primary administration.

Physical condition, laboratory data, and lumbar x-ray images were evaluated for

safety assessment. Furthermore, to evaluate the effectiveness of PRP, patient-

reported outcomes were considered. In addition, changes in MC1 were assessed

using magnetic resonance imaging (MRI).

Results: There were no adverse events in the laboratory data or lumbar X-ray images

after administration. The mean visual analog scale, which was 70.0 ± 13.3 before the

treatment, significantly decreased 1 week after PRP administration and was 39.0

± 28.8 at the last observation. Oswestry disability index and Roland Morris disability

questionnaire scores promptly improved after treatment, and both improved signifi-

cantly 24 weeks after PRP administration. Follow-up MRI 24 weeks after treatment

showed a significant decrease in the mean high-signal intensity of fat-suppressed
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T2-weighted imaging from 10.1 to 7.90 mm2 compared with that before PRP

administration.

Conclusions: The safety and efficacy of PRP administration to the IVDs of patients

with MC1 experiencing LBP were identified. Post-treatment MRI suggested improve-

ment in inflammation, speculating that PRP suppressed inflammation and conse-

quently relieved the patient's symptoms. Despite the small number of patients, this

treatment is promising for patients with MC1 experiencing LBP. The study protocol

has been reviewed and approved by the Certified Committee for Regenerative Medi-

cine and the Japanese Ministry of Health, Labor and Welfare (Japan Registry of Clini-

cal Trials [jRCT] No. jRCTb042210159).
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intervertebral disc (IVDs), low back pain (LBP), Modic type 1change (MC1), platelet-rich plasma
(PRP), regenerative medicines

1 | INTRODUCTION

Low back pain (LBP) is a highly prevalent symptom. LBP develops in all

countries and all age groups around the world; between 1990 and

2015, the number of people living their daily lives with disabilities due

to LBP has increased by 54% worldwide.1 A systematic analysis for the

Global Burden of Disease Study 2015 revealed that LBP and neck pain

were the leading causes of disability worldwide in most countries.2 A

systematic review showed the highest prevalence of LBP, particularly

among women and those aged 40–80 years.3 Musculoskeletal pain

often recurs throughout life.4 As chronic pain is often intractable,

appropriate treatment must be initiated as early as possible.

Modic et al. classified three types of signal changes in the endplate

and subchondral bone on magnetic resonance imaging (MRI) and

named them Modic changes (MC).5,6 MC on MRI is one of the various

causes of LBP. Overall, the frequency of MC is higher in LBP patients

(median frequency of 43% in a meta-analysis) compared with the

asymptomatic population (median frequency of 6%).7 In particular,

Modic type 1 change (MC1) has been reported to be more strongly

associated with LBP than other types.8–10 MC1 shows low-signal inten-

sity on T1-weighted imaging and high-signal intensity on T2-weighted

imaging (T2WI), indicating inflammation with edema and hypervascular-

ity of the vertebral body. Meanwhile, some previous clinical studies

have indicated that patients with pyogenic spondylitis were included

among patients with MC1.11,12 Treatment of MC1 remains controver-

sial, with some reports of antimicrobials being effective13,14 and others

ineffective.15 Sairyo et al. reported a patient with MC1 who was suc-

cessfully treated with endoscopic surgery, flushing, and drainage.16

However, no treatment for MC1 has yet been established.

Recently, many regenerative medicines for intractable symptoms

have been reported. In particular, platelet-rich plasma (PRP) has been

widely applied in clinical practice for tissue regeneration and anti-

inflammatory effects because of its simple preparation. In the ortho-

pedics field, it has been reported that soft tissues such as damaged

tendons, ligaments, and cartilage have been repaired following PRP

administration.17,18 PRP contains high levels of growth factors that

enhance cell anabolism, inflammatory mediators that provide anti-

inflammatory effects, and fibrinogen that functions as a scaffold for

biomaterials.18,19 These activities are expected to have tissue regener-

ation effects. Taking advantage of these effects, many studies have

reported that PRP was a safe and effective treatment for discogenic

pain.20,21 However, the safety and efficacy of PRP in patients with

MC1 experiencing LBP have not yet been established, although we

previously reported two cases.22 Considering the possibility that MC1

may contain infected cases, PRP injections may promote iatrogenic

bacterial discitis. Therefore, this study aimed to determine the effect

on reducing pain and disability outcomes of intradiscal injection of

autologous PRP in patients with LBP associated with MC1 and to

assess the impact of PRP injection on MRI observations.

2 | MATERIALS AND METHODS

2.1 | Institutional review board statement

All participants provided written informed consent. The study proto-

col has been reviewed and approved by the Certified Committee for

Regenerative Medicine and the Japanese Ministry of Health, Labor

and Welfare (Japan Registry of Clinical Trials [jRCT]

No. jRCTb042210159). One of the authors (Y.S.) is an employee of

Canon Medical Systems Corporation but did not have control over

any of the data used in this study.

2.2 | Patients

This study included 10 patients with MC1 experiencing LBP who met

the same inclusion and exclusion criteria as in the previous study.22

The main inclusion criteria were patients aged 20–70 years, with

visual analog scale (VAS) pain intensity of ≥50 mm that persists for at

least 3 months, and with only one level of MC1 change. Patients with

other spinal cord diseases were excluded. Details of these criteria are

2 of 11 KAWABATA ET AL.



shown in Table 1. Discography was not performed before the inclu-

sion of the patient.

A flowchart from patient selection to analysis is shown in

Figure 1. Written informed consent was obtained from all patients,

and they were followed for up to 24 weeks from the primary

administration.

We also evaluated the correlation between fat-suppressed T2WI

and T2* values within the vertebral body and T2* values within the

intervertebral disc on MRI and VAS, Oswestry disability index (ODI),

and Roland Morris disability questionnaire (RDQ) before administration.

2.3 | PRP preparation and procedures

PRP preparation and procedures were performed as previously

described.22 To create PRP, an anticoagulant citrate dextrose solution

(Solution A Citra Anticoagulant, Inc., Braintree, MA) was added to the

blood collected from the patient (Anticoagulant Citrate Dextrose Solu-

tion, 4 mL; venous blood, 26 mL). Samples were gently agitated to

ensure adequate mixing of the anticoagulant and blood. Subsequently,

10-mL blood samples for baseline measurements were collected in a

different syringe. Then, 4 mL of PRP was purified from the anticoagu-

lant blood by centrifuging at 3200 rpm for 15 min using the GPS III

system (Zimmer Biomet, Warsaw, IN). The PRP used in this study has

a high white blood cell (WBC) concentration and is referred to as

leukocyte-rich PRP (LR-PRP). Of these, 2 mL was administered to the

patient and 1 mL was analyzed for components. The patient was

placed in the left lateral position and the puncture was made from the

right side under fluoroscopy. After disinfection, local anesthesia was

injected and a Hijikata discographic needle (19G) was inserted. The

needle was advanced to the target disc and 2-mL PRP was injected.

The patient was admitted to a medical institution for follow-up and

discharged the day after treatment.

2.4 | Outcome measures

Primarily, physical condition, laboratory data, and changes in disc

height on lumbar x-ray images were evaluated to assess safety. Spe-

cifically, adverse events were defined as worsening of physical condi-

tions (worsening of neurological symptoms, fever >37.5�C, redness,

swelling, heat at the site of administration, or marked worsening of

back pain), deviation in laboratory data from baseline, and worsening

of findings on x-ray images according to the study protocol. Further-

more, we assessed whether analgesic medications were taken during

the trial.

Secondarily, to assess the efficacy of PRP, patient-reported out-

comes were examined, including the VAS (0–100 mm) for back pain

and the ODI,23 and RDQ24 for back pain-related disability. Further-

more, whether laboratory data and PRP composition were signifi-

cantly associated with the improvement rate in the VAS, ODI, and

RDQ was evaluated.

2.5 | MRI protocols

All magnetic resonance (MR) examinations were performed using 3T

MR systems (Vantage Centurian, Canon Medical Systems Corporation,

Otawara, Tochigi, Japan). In each patient, fat-suppressed T2WI was

performed using the following scanning parameters: Repetition Time

(TR)/Echo Time (TE), 4435 ms/99 ms; echo train length, 19; slice

thickness, 3 mm; number of excitation (NEX), 1; field of view (FOV),

300 � 300 mm; 384 � 224 matrix; 768 � 768 reconstruction matrix.

For T2* measurements in each patient, MRI with ultra-short echo

times (UTEs) was performed with 3D radial gradient-echo sequence

using the following parameters: TR/TE, 14 ms/0.14, 2.74, 5.34, and

TABLE 1 Inclusion and exclusion criteria.

Inclusion

criteria

1. Has participated in the informed consent process

and is willing to sign an informed consent form

2. Aged 20–70 years

3. VAS pain intensity ≥50 mm for >3 months by

patient report due to low back pain caused by

intervertebral disc degeneration

4. Intervertebral disc degeneration with Modic type 1

change at one level only regardless of level or

degree of degeneration

5. Willing and able to complete scheduled follow-up

evaluations as described in the study protocol

Exclusion

criteria

1. Has body mass index of ≥30

2. Has blood dyscrasia (platelet of <50 000/μL)
3. Uses anticoagulant or antiplatelet drugs

4. Has an autoimmune disease

5. Has an active systemic inflammatory disease or

infection

6. Has polyarthralgia

7. Has another spinal disease, including vertebral

fractures

8. Has a compromised host status (diabetic, immune

deficiency, chronic renal failure, hepatic cirrhosis,

using immunosuppressive drug, etc.)

9. Under treatment for malignant tumors

10. Is pregnant

11. Judged as inappropriate by surgeons providing

regenerative medicine

20 LBP patients with MC1

10 patients were 
registered

10 patients excluded 
from compatibility 

Dropout : n=0 

The data of 10 patients 
were analyzed

Completed : n=10 

F IGURE 1 Flowchart from patient selection to analysis. Ten
patients were registered in the prospective study, and none dropped
out. LBP, low back pain; MC1, Modic type 1 change.
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7.94 ms; flip angle, 5�; slice thickness, 1.5 mm; NEX, 1; FOV,

256 � 256 mm; parallel imaging factor, 1; number of slices, 150;

256 � 256 acquisition matrix; 256 � 256 reconstruction matrix.

Reconstructed multiple TE images were transferred from the MRI scan-

ner to the image analysis workstation (Vitrea, Canon Medical Systems)

and automatically identified and fitted to the relaxation model pixel-

by-pixel using T2* map analysis software (Relaxometry). To assess the

effect of PRP administration on MC1, MRI was performed 24 weeks

after treatment and the degree of inflammation was measured using fat-

suppressed T2WI and T2* values. To measure the high-signal intensity

region on fat-suppressed T2WI, the high-signal region was quantified in

all sagittal images that showed high-signal intensity and calculated by

adding them all together. To measure T2* values, the entire two verte-

brae exhibiting MC1 were considered as regions of interest (Figure 2).

These were performed following previously described methods.22 Fur-

thermore, to evaluate the effect of PRP on the target intervertebral

discs, T2* values of the discs were evaluated before and 24 weeks after

PRP administration. Furthermore, the presence of progressive degenera-

tion was evaluated using the Pfirrmann grades.

2.6 | Image analysis

To measure high-signal intensity regions on fat-suppressed T2WI and

T2* values, all fat-suppressed T2WI and UTEs data were transferred

to a workstation (Vitrea, Canon Medical Systems) for analysis using

quantitative analysis software (Analysis, Canon Medical Systems). The

volume of the high-signal intensity regions on fat-suppressed T2WI

was measured using the segmentation tool on the analysis software.

To measure T2* values, volume of interests were placed over the tar-

get vertebra and disc.

2.7 | Statistical analysis and data collection

Comparisons in T2* MRI value, T2WI high-signal volume, and disc

height on lumbar x-ray were performed using t-tests. The Wilcoxon

signed-rank test was used to analyze the Pfirrmann grades. Com-

parisons over time in blood tests and VAS, ODI, and RDQ were per-

formed using mixed-effects models for repeated measures.

Spearman's correlation coefficient was used to assess the correla-

tion between variables. SAS 9.4 (SAS Institute, Cary, NC) was used

for the analysis. The means ± standard deviations of the data are

presented. To minimize bias, participant randomization and data

collection, management, and analysis were conducted by a third-

party contract research organization company (Soiken Inc., Tokyo,

Japan).

3 | RESULTS

3.1 | Patient characteristics

This study prospectively enrolled 10 patients with MC1 experiencing

LBP (Figure 1). Ten patients who did not meet the inclusion or exclu-

sion criteria or did not wish to participate in the study were excluded.

The baseline characteristics of all patients, including blood data of

whole blood and PRP, are shown in Table 2. Detailed participant infor-

mation including smoking and alcohol history, occupation, and sports

history is shown in Table 3.

No significant correlation was observed between fat-suppressed

T2WI and T2* values in the vertebral body and T2* values in the inter-

vertebral disc on MRI and VAS, ODI, and RDQ before PRP administra-

tion (Table 4).

F IGURE 2 Region of interest for measuring T2* values. The entirety of the two vertebrae showing Modic changes was set as the region of
interest (blue regions) when measuring T2* values.
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3.2 | Physical condition, laboratory data, and
x-ray data

PRP administration was performed without complications. No adverse

events in physical condition, laboratory data, or disc height on lumbar

x-ray data occurred after PRP administration. Specifically, no

significant differences in WBC count and levels of aspartate

aminotransferase (AST), alanine aminotransferase (ALT), blood urea

nitrogen (BUN)/creatinine (Cr), and CRP were observed over time.

Disc height also did not significantly differ over time (Table 5). In one

patient, LBP worsened after the injection but eventually improved.

Only three patients used analgesics as needed. One took them only

once, and the other two took them multiple times. No patients

requested additional treatment 24 weeks after PRP administration.

3.3 | VAS, ODI, and RDQ

Changes in the mean VAS, ODI, and RDQ are shown in Figure 3. The

mean VAS was 70.0 ± 13.3 before administration, which significantly

decreased 1 week after PRP administration to 39.0 ± 28.8 at the last

observation (p = 0.008). The ODI and RDQ promptly improved after

PRP administration. The pre-administration ODI and RDQ were 41.8%

± 11.9% and 12.5 ± 4.3, respectively; however, they significantly

improved to 26.2% ± 17.8% (p = 0.039) and 7.2 ± 5.5 (p = 0.047),

respectively, at the last observation. Table 6 shows the relationship

between laboratory data and PRP composition and the improvements

rate in VAS, ODI, and RDQ. Significant improvements in VAS and ODI

were observed in patients with higher PLT counts on pretreatment

blood tests. Furthermore, significant improvement in VAS was

observed in patients with higher WBC counts in PRP.

3.4 | Magnetic resonance imaging

Follow-up MRI 24 weeks after treatment revealed a significant

decrease in the mean high-signal intensity on fat-suppressed T2WI

from 10.1 mm2 before PRP administration to 7.90 mm2 (p = 0.007)

(Table 5). Representative images are shown in Figure 4. Mean T2*

values tended to decrease after PRP administration, but not signifi-

cantly. No patient changed from MC1 to any other type. The mean

T2* values in the intervertebral disc were not altered with PRP admin-

istration (Table 5). No alterations in the Pfirrmann grade were

observed after PRP administration.

TABLE 2 Patients baseline characteristics.

Age 53.3 ± 8.7

Height (cm) 166.5 ± 10.1

Body weight (kg) 62.4 ± 13.0

Body mass index (kg/m2) 22.3 ± 3.0

Pain duration (months) 15.0 ± 10.2

VAS (mm) 70.0 ± 13.3

ODI (%) 41.8 ± 11.9

RDQ 12.5 ± 4.3

Blood data of whole blood

WBC (�103mL/μL) 5.43 ± 1.69

PLT (�104 mL/μL) 24.1 ± 4.7

AST (U/L) 20.3 ± 4.8

ALT (U/L) 17.4 ± 5.9

BUN/Cr 20.2 ± 5.9

CRP (mg/dL) 0.043 ± 0.045

Blood data of PRP

WBC (�103mL/μL) 20.7 ± 9.7

PLT (�104 mL/μL) 97.7 ± 46.5

Distribution of levels (no. of cases)

L2/3 1

L4/5 5

L5/S 4

Abbreviations: ODI, Oswestry disability index; PRP, platelet-rich plasma;

RDQ, Roland Morris disability questionnaire; VAS, visual analog scale;

WBC, white blood cell.

TABLE 3 Detailed information of the patients.

Sex

Male 4

Female 6

Smoking history

Never 3

Used to smoke 3

<1 pack per day 2

1–2 packs per day 2

>2 packs per day 0

Alcohol history

Don't drink 2

1–3 times per month 4

Once per week 1

3–4 times per week 1

6–7 times per week 2

Occupation

Desk worker 2

Sales staff 4

Housewife/househusband 1

Others 3

Sports history

Yes 7

No 3

Baseball 1

Soccer 3

Volleyball 1

Swimming 2

Others 7
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4 | DISCUSSION

To the best of our knowledge, this is the first prospective study to

evaluate the safety and efficacy of PRP administration to IVDs in

patients with LBP, targeting MC1 only. A number of studies have

documented that much of chronic LBP is caused by discogenic pain.25

Previous treatments have included pharmacotherapy, physical ther-

apy, injections, and surgical approaches. In recent years, several

regenerative medicine-based treatments for LBP have been proposed,

including the injection of mesenchymal stem cells (MSCs) and PRP.

According to a 2023 systematic review of PRP therapy,26 the first

clinical trial of intradiscal administration of PRP was conducted by

Tuakli-Wosornu in 2016,21 and 13 trials have been reported to date.

Two randomized controlled studies, five prospective cohort studies,

three retrospective cohort studies, and three case reports have been

published. Most target diseases were discogenic LBP. This review

summarizes that intradiscal administration of PRP is safe and effective

for managing pain. Note that two trials included several patients with

MC127,28; however, no clinical trials have included only patients

with MC1, as in this study. Other systematic reviews and meta-

analyses showed that both MSC and PRP may be effective in the

management of discogenic LBP; however, the level of evidence var-

ied, and no high-quality randomized controlled trials have been con-

ducted.26,29–32 More powered high-quality studies are needed to truly

assess the long-term safety and efficacy of regenerative medicine

approaches in discogenic LBP.

In this study, we have successfully demonstrated the efficacy of

intradiscal administration of PRP in patients with MC1, who are

known to have more refractory chronic LBP. Platelets have three main

granules including dense granules, α-granules, and lysosomes.33 Of

TABLE 4 Relationship between
magnetic resonance findings and visual
analog scale (VAS), Oswestry disability
index (ODI), and Roland Morris disability
questionnaire (RDQ) before
administration.

Spearman correlation

Correlation coefficient p Value

Fat-suppressed T2WI in the vertebral body VAS �0.21 0.56

ODI �0.21 0.57

RDQ �0.24 0.51

T2* values in the vertebral body VAS 0.54 0.13

ODI 0.13 0.75

RDQ 0.03 0.95

T2* values in the intervertebral disc VAS 0.18 0.64

ODI 0.42 0.26

RDQ 0.48 0.19

Abbreviation: T2WI, T2-weighted imaging.

TABLE 5 Magnetic resonance findings and disc height changes on x-ray.

Observation points Value p Value

Mean T2* MRI value of the entire two vertebrae T2 value (ms) Before administration 4.47 ± 0.64

24 Weeks after administration 4.30 ± 0.67

Mean changes 24 Weeks after administration �0.16 ± 0.34 0.19

Fat-suppressed T2WI high-signal volume of the two

vertebrae

Volume (mm2) Before administration 10.07 ± 5.73

24 Weeks after administration 7.89 ± 5.01

Mean changes 24 Weeks after administration �2.18 ± 1.96 0.007

Mean T2* MRI value of the targeted disc T2 value (ms) Before administration 16.85 ± 3.24

24 Weeks after administration 16.47 ± 2.58

Mean changes 24 Weeks after administration �0.38 ± 2.54 0.67

Mean intervertebral disc height of the target on x-ray Disc height (mm) Before administration 4.96 ± 2.05

4 Weeks after administration 4.90 ± 2.06

12 Weeks after administration 4.89 ± 1.91

24 Weeks after administration 4.93 ± 1.86

Mean changes 4 Weeks after administration �0.06 ± 0.35 0.62

12 Weeks after administration �0.07 ± 0.57 0.71

24 Weeks after administration �0.03 ± 0.42 0.83

Abbreviations: MRI, magnetic resonance imaging; T2WI, T2-weighted imaging.
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these, α-granules are the largest and the most abundant platelet gran-

ules, in one platelet contain 50–80 granules. Vesicles called exosomes

are present in the α-granules and are released when platelets are acti-

vated.34 Proteomic studies have shown that >300 bioactive proteins

are released from activated α-granules,35,36 and these proteins could

play multiple roles in hemostasis, anti-inflammation, antimicrobial activ-

ity, angiogenesis, and wound healing.33 In this study, these effects of

PRP are considered to have reduced the inflammation of the

MC1-affected spine and consequently improved LBP. In addition, MRI

results quantitatively validated the decreased vertebral inflammation.

PRP is divided into two categories according to leukocyte con-

centration: PRP with low WBC concentrations are called leukocyte-

poor PRP (LP-PRP), and those with higher WBC concentrations are

called LR-PRP. With the GPS III system used in this study, LR-PRP is

created. The use of a kit like GPS III system is expected to reduce

complications and produce a more stable PRP. In particular, the GPS

III system can be used to purify stable LR-PRP in a single centrifuga-

tion. Furthermore, in vitro experiments using the GPS III system have

revealed that PRP suppressed cytokine-induced inflammatory degra-

dative enzymes and mediators in human nucleus pulposus cells.37

Because of its simplicity and in vitro data, the GPS III system was used

in this study. A variety of studies have reported on the influence of

leukocyte concentration on the efficacy of PRP; however, there is no

consensus yet.38,39 Clinical research studies for patellar tendonitis,40

Achilles tendinopathy,41 and lateral epicondylitis42 have reported no

difference in results between LP-PRP and LR-PRP. In this study, in

patients with more WBCs in PRP, the VAS significantly improved, sug-

gesting that LR-PRP is useful in the administration of PRP to patients

with MC1. According to Intravia et al., both LP-PRP and LR-PRP

showed antimicrobial activity in in vivo experiments; however no sig-

nificant difference was observed.43 In contrast, L�opez et al. reported

that LR-PRP showed better bacteriostatic effect against Methicillin-

Susceptible Staphylococcus Aureus (MSSA).44 MC1 includes a few

cases of pyogenic discitis, and the antimicrobial action of PRP is spec-

ulated to be beneficial. A less than two-fold to an 8.5-fold increase

from baseline in platelet concentration ratios in PRP have been

reported.45,46 A constant platelet concentration is important because

low platelet concentrations tend to decrease the number of growth

factors. In this study, higher PLT counts in blood tests were more

effective for LBP, suggesting that the PLT count in blood samples

influence the effectiveness of PRP. Cost-effectiveness is often a hot

topic in PRP treatments. Although this study was conducted on

patients with lateral epicondylitis, Klifto et al. reported that PRP injec-

tions were superior to steroid injections in terms of cost-effective-

ness.47 Furthermore, intradiscal administration is expected to be

highly cost-effective if its efficacy is further demonstrated in the

future.

Modic and Ross noted that LBP in patients with MC1 may be

related to unusual stresses, micro- or macroinstability, or micro-

trauma.48 Patients with MC experiencing LBP had more frequent,

longer-lasting LBP episodes and more frequent hospital visits.7,49 A

recent study showed that conservative treatment for chronic LBP

patients with MC1 is associated with poor prognosis.50 MC1 patients

have also been reported to have a poor prognosis after discectomy,51

which implies that the vertebrae may be the source of the pain. In this

study, PRP administration resulted in signal changes in the bone mar-

row but not in the intervertebral discs. In pathology, fibrous tissue

replaces normal bone marrow between trabecular bones in MC1. In

MC1, vascular granulation tissue is proliferating at the bone-disc junc-

tion, suggesting inflammation. Thus, MC1 is not merely a coincidental

MRI finding in LBP patients, but is likely to indicate a condition that

should be targeted for treatment.52 Non-surgical treatments, including

intradiscal steroid injections, anti-tumor necrosis factor (TNF)-α
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F IGURE 3 Changes in mean visual analog scale (VAS), Oswestry
disability index (ODI), and Roland Morris disability questionnaire
(RDQ). Values are presented as mean ± standard deviations. The
mean VAS before treatment was 70.0 ± 13.3, which decreased
significantly 1 week after administration, and was 39.0 ± 28.8 at the
last observation. ODI and RDQ improved promptly after
administration. At the last observation, both improved with significant
differences.
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antibodies, and antibiotic administration, have been reported to have

short-term efficacy in MC patients, but long-term results are

unknown. Albert et al. treated patients with MC1 with antibiotics for

100 days and reported that the VAS of patient with LBP improved

from 67 to 37 mm after 1 year.13 Zhou et al. reported the short-term

benefit of calcitonin for LBP in patients with MC1. After 3 months of

treatment, they reported that the VAS improved from 62.5 to

37.0 mm in the calcitonin group, whereas the VAS improved only

from 63.4 to 45 mm in the control diclofenac group.53 Although not

directly comparable, the results of this study suggest that PRP admin-

istration is as effective or more effective than these treatments.

Although the detailed mechanism of vertebral pain in MC is unclear,

higher numbers of Protein Gene Product (PGP)-9.5 nerve fibers and

TNF-α-positive cells have been reported in MC1 and MC2 end-

plates.54,55 Nerves are reported to be more abundant in endplates with

fibrovascular marrow, and nerve density is significantly higher in

TABLE 6 Relationship between
laboratory data and platelet-rich plasma
(PRP) composition and the rate of
improvement in visual analog scale (VAS),
Oswestry disability index (ODI), and
Roland Morris disability
questionnaire (RDQ).

Improvement rate

Spearman correlation

Correlation coefficient p Value

Laboratory data WBC (�103/μL) VAS �0.18 0.65

ODI �0.30 0.43

RDQ �0.33 0.38

PLT (�104/μL) VAS �0.84 0.005

ODI �0.73 0.025

RDQ �0.43 0.24

AST (U/L) VAS �0.41 0.27

ODI 0.06 0.88

RDQ �0.06 0.88

ALT (U/L) VAS �0.13 0.74

ODI 0.06 0.88

RDQ 0.10 0.80

BUN/Cr VAS 0.44 0.23

ODI 0.17 0.67

RDQ 0.15 0.70

CRP (mg/dL) VAS 0.13 0.74

ODI 0.13 0.74

RDQ 0.03 0.95

PRP composition WBC (�103/μL) VAS �0.79 0.006

ODI �0.48 0.16

RDQ �0.28 0.43

PLT (�104/μL) VAS �0.40 0.25

ODI �0.43 0.21

RDQ �0.42 0.23

Abbreviation: WBC, white blood cell.

Before treatment 24 weeks after treatment F IGURE 4 Representative
images of fat*suppressed
T2-weighted imaging (T2WI)
before and 24 weeks after
treatment. Fat-suppressed T2WI
high volume (red color regions)
decreased from 6.55 to
3.13 mm2.
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fibrovascular endplate marrow than in normal endplate marrow.55 Dif-

ferences in nerve density may contribute to vertebrogenic pain in MC. In

this study, we speculated that the PRP injected into the IVDs passed

through the endplate defect and reached and acted on the bone marrow,

which is the target of treatment. We believe that disc degeneration-

related reduction in cells and nutrient availability may affect the action

of PRP56,57; however, assessing this in this study was difficult because of

the lack of sufficient cases. Therefore, further research is required from

the view point of both basic science and clinical medicine in the future.

Furthermore, based on the MRI results, which showed a significant

reduction in high-signal intensity on fat-suppressed T2WI after PRP

administration, we believe that we were able to quantify the improve-

ment in inflammation. Meanwhile, Crockett et al. reported that MC1 ver-

tebral endplate changes were secondary to injury, inflammation, or

infection and require appropriate treatment.58 A small number of

patients with MC1 have pyogenic discitis.11,12 One patient had worsen-

ing back pain after PRP administration. However, follow-up x-ray and

MRI imaging and blood tests showed no findings suggestive of discitis.

The pain appeared immediately after administration and was considered

likely iatrogenic pain caused by needle puncture. The severe pain gradu-

ally improved and was not considered a serious adverse event. Despite

the limited number of cases, the most significant study finding was the

confirmation of the safety of PRP administration in all patients with

MC1. Kerttula et al. reported a 1-year follow-up of patients with MC1

and a significant decrease in disc height.59 Furthermore, disc puncture

itself may promote disc degeneration.53,60 Therefore, although the trans-

pedicular approach is an option,61 we considered it more invasive and

performed disc puncture. As a result, although the follow-up period for

this study was only 6 months, PRP administration did not reduce the

disc height. Therefore, it is possible that PRP administration may have

inhibited the progression of disc degeneration. However, more cases are

needed to further confirm safety.

This study has several limitations to consider. First, the study pop-

ulation is quite small. In future research, the number of cases must be

increased. Second, no control group was employed with which to

compare outcomes. To confirm our promising results, a larger pro-

spective randomized controlled trial is needed. Third, determining that

MC 1 caused LBP was difficult. Discography may be necessary to

accurately diagnose MC1 as the cause of LBP. However, discography,

an invasive test, was not performed in this study because a significant

association was established between MC1 and LBP. Despite these

limitations, this is the first prospective study of PRP administration to

the IVDs of patients with MC1 experiencing LBP. In particular, we

believe that the validated safety of this treatment would lead to fur-

ther clinical research.

5 | CONCLUSION

The safety and efficacy of PRP administered to the IVDs of patients

with MC1 experiencing LBP were identified. No major adverse events

due to PRP administration were observed, and pyogenic discitis did

not occur. Furthermore, MRI after PRP administration showed

improvements in imaging features indicative of inflammation, suggest-

ing that PRP could reduce the inflammation area caused by MC1 and

relieve the patient's symptoms. Considering the small number of

patients in this study, further studies are required to validate the

safety and efficacy of PRP treatment.
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