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Abstract: Background and Objectives: Recently, the clinical application of platelet-rich plasma (PRP) has
gained popularity for the treatment of degenerative disc diseases. However, the regenerative effects
and factors associated with treatment outcomes after intradiscal injection of PRP remain unknown.
This study aimed to evaluate time-dependent changes in imaging findings related to intervertebral
disc (IVD) degeneration and to identify factors associated with the outcomes of PRP injection therapy.
Materials and Methods: A retrospective analysis of a previous randomized clinical trial of intradiscal
injection of the releasate isolated from PRP (PRPr) in patients with discogenic low back pain (LBP)
was performed. Radiographic parameters (segmental angulation and lumbar lordosis) and MRI
phenotypes, including Modic changes, disc bulge, and high-intensity zones (HIZs), were evaluated at
baseline and 6 and 12 months post-injection. Treatment outcomes were evaluated based on the degree
of LBP and LBP-related disability at 12 months post-injection. Results: A total of 15 patients (mean
age: 33.9 £ 9.5 years) were included in this study. Radiographic parameters showed no significant
changes after the PRPr injection. There were no remarkable changes in the prevalence or type of MRI
phenotype. Treatment outcomes were significantly improved after treatment; however, the number
of targeted discs and the presence of posterior HIZs at baseline were significantly but negatively
associated with treatment outcomes. Conclusions: Intradiscal injection of PRPr significantly improved
LBP and LBP-related disability 12 months post-injection; however, patients with multiple target
lesions or posterior HIZs at baseline were significantly associated with poor treatment outcomes.

Keywords: intervertebral disc degeneration; low back pain; platelet-rich plasma; intradiscal injection
therapy

1. Introduction

Low back pain (LBP) is the leading cause of years lived with disability in 126 countries
and the leading cause of worldwide productivity loss [1]. The annual expenditure for
the management of LBP is estimated to exceed USD 100 billion in the United States of
America [2].

Among the anatomical elements of the lumbar spine, intervertebral disc (IVD) degen-
eration is a major contributing factor in LBP [3]. The IVD lies between adjacent vertebrae
interposed with a cartilaginous endplate and consists of an outer annulus fibrosus (AF)
and an inner nucleus pulposus (NP). The outer AF consists of collagen-rich fibrocartilage
lamellae, while the inner NP is composed of a proteoglycan-rich gel-like matrix, and both
provide structural stability and exhibit shock absorption properties [3].

IVD degeneration is characterized by both cellular and extracellular matrix changes
within the degenerating IVD, which progressively cause structural failure and impaired
mechanical and physiological IVD functions [4]. Enhanced expression of pro-inflammatory
cytokines (Interleukin-1f [IL-13] and tumor necrosis factor-« [TNF-«]) found in degener-
ated human IVDs induces progressive degradation of major extracellular matrix compo-
nents by stimulating matrix-degrading enzymes [4] that induce disc ruptures, including
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several types of AF tears [5-7]. Progression of IVD degeneration gives rise to intervertebral
instability and eventually affects lumbar spinal alignment. The endplate and vertebral
bone marrow adjacent to degenerated IVDs also represent tissue changes in response to
IVD degeneration [8,9]. These changes, along with IVD degeneration, are believed to be
associated with LBP [3,4,10].

The extent of IVD degeneration is clinically evaluated by magnetic resonance imaging
(MRI) [11,12]. Lumbar MRI phenotypes, including Modic changes [9,13], disc bulges [14,15],
and high-intensity zones (HIZs) [16-18], are often interpreted as causes of LBP. Radio-
graphic parameters, including intervertebral instability assessed by segmental angula-
tion [19] and lumbar sagittal imbalance assessed by lumbar lordosis (LL) [20], have also
been reported to be associated with LBP.

Basic research on IVD regeneration has been conducted globally, and considerable
progress has been made in clinical applications using biological approaches [21-23] and
cell therapy [24]. Platelet-rich plasma (PRP) is an autologous blood concentrate containing
mostly bioactive molecules [25], which has been used for the treatment of musculoskeletal
disorders to enhance tissue regeneration and repair [22]. It has been reported that PRP has
the potential to stimulate the metabolism of IVD cells in vitro and regenerative effects on
degenerated IVDs in several animal models [22]. Recently, the clinical application of PRP
has gained popularity in the treatment of degenerative disc diseases. A recent meta-analysis
of clinical studies showed a significant improvement in LBP following PRP injection [26].

A previous randomized, double-blind, active-controlled clinical trial evaluated the
efficacy and safety of the releasate isolated from PRP (PRPr) injection into degenerated discs
of patients with discogenic LBP [27]. The intradiscal injection of PRPr showed clinically
significant improvements in LBP intensity, similar to those injected with corticosteroids
(CS) at 8 weeks post-injection. It was concluded that PRPr treatment was safe and main-
tained improvements in pain and LBP-related disability for 60 weeks. However, whether
intradiscal administration of PRPr induces tissue repair and/or regenerative effects, which
improve the image findings associated with disc degeneration, remains unknown. Further-
more, whether the radiographic and/or MRI findings associated with disc degeneration
significantly affect the outcomes of intradiscal injection of PRPr has not been evaluated.

The aims of this study were as follows: (1) to retrospectively evaluate time-dependent
changes in radiographic parameters (segmental angulation and lumbar lordosis) and MRI
phenotypes (Modic changes, disc bulge, and HIZs) after intradiscal injection of PRPr for the
patients with discogenic LBP; and (2) to identify the factors associated with the outcomes
of PRPr treatment.

2. Materials and Methods
2.1. Study Design and Patients

This study was a retrospective analysis of a previous randomized, double-blind,
active-controlled clinical trial conducted between February 2018 and September 2020 [27].
This retrospective study was approved by the Clinical Research Ethics Review Committee
of the Mie University Hospital (Approval number: H2023-001). Informed consent was
determined by way of an opt-out form on the website.

Patients received an intradiscal injection of either PRPr or corticosteroids (CS). Patients
from both the PRPr and CS groups who still experienced pain received PRPr as optional
treatment at 8 weeks post-injection. Among the 16 patients, 15 received optional injections
of PRPr 8 weeks after the initial injection. As this study aimed to investigate the factors
associated with the outcomes of PRPr treatment, one patient in the CS group who received
only one injection of CS was excluded from the current retrospective analysis (Figure 1).
The efficacy of PRPr was evaluated for up to 12 months (52 weeks) after optional injection.
Patients aged > 18 years who had LBP for more than 3 months with 1 or more lumbar
discs (L3/L4 to L5/51) with evidence of degeneration, as indicated by MRI, and at least 1
symptomatic disc, confirmed using standardized provocative discography, were included
in the study. The inclusion and exclusion criteria have been previously reported [27].
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| 17 Patients assessed for eligibility |

1 Excluded:
Did not meet eligibility criteria

| 16 Isolated PRPr from whole blood |

4* 16 Randomized '7

| 9 Received PRPr | | 7 Received CS |

| 8 Weeks post-injection (Primary endpoint) |

|
9 Received PRPr 6 Received PRPr 1 Excluded:
(Optional injection) (Optional injection) Did not receive the
‘ ‘ optional injection

’ Current retrospective analysis |

I 9 Included in analysis I I 6 Included in analysis I

Figure 1. Flowchart of patients. Patients received an intradiscal injection of either the platelet-rich
plasma releasate (PRPr) or corticosteroids (CS).

2.2. PRP Releasate Preparation and Fluoroscopy-Guided Injection

PRPr was isolated as previously reported [28]. Briefly, autologous PRP was prepared
from whole blood (400 mL) using the buffy coat method [29]. The supernatant isolated
from activated PRP (PRPr) was stored at —20 °C until use.

Intravenous antibiotics (cefazolin sodium, 1 g) were administered within 60 min before
the injection procedure. The injection site was treated with local anesthetic (0.5% lidocaine).
Under fluoroscopy, a 22-gauge, 150 mm spinal needle was inserted into the center of the
targeted disc. PRPr (2 mL) or CS (betamethasone sodium phosphate, Sionogi & Co., Ltd.,
Osaka, Japan) (2 mg in 2.0 mL of saline) was injected through a syringe filter.

2.3. Outcome Measures

The visual analog scale (VAS) (0-100 mm) [30,31] at baseline and 12 months after the
optional injection (Post 12 M) was measured to evaluate the extent of LBP. The Oswestry
Disability Index (ODI) [32] and Roland-Morris Disability Questionnaire (RDQ) [33] were
measured at baseline and 12 months after the optional injection (Post 12 M) to evaluate
LBP-related disability. The change (Baseline — Post 12 M) and % change ([baseline — Post
12 M]/baseline x 100) in VAS, ODI, and RDQ were also evaluated.

2.4. Radiographic Evaluation

Radiographic data at baseline, Post 6 M and Post 12 M were retrospectively evaluated
by 1 orthopedic surgeon (N.T.) who was blinded to the treatment group. To evaluate inter-
vertebral instability, segmental angulation was measured as the difference in intervertebral
angle from extension to flexion [34]. Lumbar lordosis (LL) angles [35] were evaluated
using the Cobb angle between the L1 superior endplate and S1 superior endplate for the
evaluation of the sagittal alignment of the lumbar spine.

2.5. MR Imaging

Lumbar MRI was performed using a 1.5 T MR scanner (Ingenia, Philips, Best, The
Netherlands) with the patient in the supine position. The imaging protocol included sagittal
T2W turbo-spine echo (TSE) with a repetition time (TR) of 2500 ms/echo and an echo time
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(TE) of 85 ms. The field of view (FOV) was 300 x 300 mm. All sagittal slice intervals were
4.4 mm thick, and a total of 17 slices were available.

2.6. MRI Evaluation

MRI data at baseline and Post 12 M were retrospectively evaluated by an orthopedic
surgeon (T.F) who was blinded to the treatment group. The extent of IVD degeneration of
the targeted discs at baseline and Post 12 M was evaluated using a modified Pfirrmann [11]
grading system. Modic and vertebral body marrow changes adjacent to the endplate were
evaluated as previously reported [9,13,36]. Type I was defined by areas of hypointensity on
T1-weighted (T1W) and hyperintensity on T2-weighted (T2W) images, type Il by areas of
hyperintensity on both TIW and T2W images, and type III by areas of hypointensity on
both TIW and T2W images. Disc bulge is a generalized extension of the disc beyond the
edges of the vertebral ring apophyses [37]. In this study, disc bulge was diagnosed as discs
extending into the spinal canal beyond the edge of the apophyses at the mid-sagittal section
of T2W images of the lumbar spine. An HIZ was diagnosed as a high-intensity signal
identified within the AF with a low-intensity signal on T2ZW MR images of the lumbar
spine [18]. The presence of HIZs was evaluated on consecutive sagittal MR images (two or
more adjacent sagittal images) at both the anterior and posterior AF [38]. The morphology
of HIZs was classified into five types (round, fissure, vertical, rim, and enlarged), as
previously reported [39].

2.7. Statistical Analysis

A power analysis revealed that a sample size of 9 patients per treatment group was
necessary to detect a substantial difference between the PRPr and CS groups in the VAS
at week 8 with 80% power and a two-sided significance of 0.05. Differences in the basic
characteristics between the treatment groups were analyzed using an unpaired t-test or
chi-square test. Differences in VAS, ODI, and RDQ) scores at baseline and Post 12 M among
the groups were analyzed by unpaired t-test or 1-way analysis of variance (ANOVA).
Correlations between radiographic parameters and VAS, ODI, and RDQ scores and changes
in these parameters and % change were analyzed using a Pearson correlation coefficient test.
Time-dependent changes in segmental angulation and LL angle were assessed for statistical
significance using two-way repeated-measures ANOVA. Multiple regression analyses were
performed to identify factors contributing to VAS at Post 12 M, change in VAS, % change
in VAS, ODI at Post 12 M, change in ODI, % change in ODI, RDQ at Post 12 M, change in
RDQ), and % change in RDQ as a dependent variable with image characteristics at baseline
(number of targeted discs, MRI grade, Modic change, disc bulge, anterior HIZ, posterior
HIZ, segmental angulation, and LL angle), and treatment group. Data are expressed
as mean =+ standard deviation (SD). All statistical analyses were performed using IBM
Statistical Package for Social Sciences Software (SPSS) Statistics version 28.0 (IBM Japan,
Tokyo, Japan). The accepted level of significance was set at p < 0.05.

3. Results
3.1. Patient Characteristics

A total of 15 patients (mean age: 33.9 & 9.5 years, 11 men, 4 women) were included in
this study. The CS group included 6 patients (mean age: 32.2 & 6.8 years), and the PRPr
group included 9 patients (mean age: 34.9 &= 11.3 years). A total of 19 discs were used for the
treatment. The patient characteristics are summarized in Table 1. No significant differences
in age, sex, number of targeted discs, modified Pfirrmann classification, intervertebral
angle, or LL angle were found between the groups. There were no significant differences
in the prevalence of Modic changes, disc bulge, or posterior HIZs by patient or disc level
between the groups. The prevalence of anterior HIZs by disc level, but not by patient, was
significantly higher in the CS group than in the PRPr group (p < 0.05) (Table 1).



Medicina 2023, 59, 640 50f 15
Table 1. Patient’s baseline characteristics.
Total CS PRPr p-Value
Numb::;ics)is};atlents 15 (19) 6(8) 9.(11)

Age 339+95 322+ 6.8 349 +11.3 0.59
Sex (Male/Female) 11/4 5/1 6/3 0.46
Number of the target disc 0.63

One disc 11 4 7

Two discs 4 2 2
Modified Pfirrmann classification 0.18

Grade 4 10 3 7

Grade 5 2 2 0

Grade 6 3 1 2
Segmental angulation 147 £54 147 £2.7 148 £6.8 0.99
Lumbar lordosis angle 439 +£125 49.1£8.1 404 + 141 0.15

Modic change
By patient 3/15 (20%) 2/6 (33.3%) 1/9 (11.1%) 0.34
By disc level 4/19 (21.1%) 2/8 (25%) 2/11 (18.2%) 0.57
Disc Bulge
By patient 11/15 (73.3%) 4/6 (66.7%) 7/9 (77.8%) 0.54
By disc 12/19 (63.2%) 5/8 (62.5%) 7/11 (63.6%) 0.66
Anterior HIZ
By patient 4/15 (26.7%) 3/6 (50%) 1/9 (11.1%) 0.14
By disc 5/19 (26.3%) 4/8 (50%) 1/11 (9.1%) <0.05
Posterior HIZ

By patient 11/15 (73.3%) 5/6 (83.3%) 6/9 (66.7%) 0.46
By disc 13/19 (68.4%) 7/8 (87.5%) 6/11 (54.5%) 0.18

CS: corticosteroid, PRPr: platelet-rich plasma releasate, HIZ: high-intensity zone.

3.2. Change in Segmental Angulation of Targeted Discs

At baseline, the mean segmental angulation was 14.7 + 2.7 in the CS group and
14.8 & 6.8 in the PRPr group (p = 0.83; Table 1). There were no significant changes in
the mean segmental angulation of each group during the observational period (6 M: CS:
13.9 + 4.6, PRPr: 18.3 £ 7.6; 12 M: CS: 14.0 £ 5.4, PRPr: 13.5 £ 6.2, p = 0.63). No significant
differences were found between the groups (p = 0.33). There was no significant interaction
between the groups and time points (p = 0.36).

3.3. Change in Lumbar Lordosis Angle

At baseline, the mean LL angle was 49.1 &£ 8.1 in the CS group and 40.4 £ 14.1 in the
PRPr group, and this difference was not significant (p = 0.15; Table 1). The LL angles of
each group did not show any significant changes throughout the observational period (6 M:
CS:45.5 + 5.6, PRPr: 38.5 £+ 14.1; 12 M: CS: 49.4 £ 7.5, PRPr: 42.3 £ 13.3, p = 0.47) and did
not differ significantly between the groups (p = 0.22). There was no significant interaction
between groups and time points (p = 0.87).

3.4. Modic Changes

Modic changes adjacent to the targeted discs were found in 21.1% of the targeted discs
(4 discs in 3 patients) at baseline (2 discs in the CS group and 2 discs in the PRPr group)



Medicina 2023, 59, 640

6 of 15

(Table 1). Among them, Modic types 2 and 3 were found on the 2 discs. There were no
significant differences in the prevalence of Modic changes between the CS and PRPr groups
at baseline (Table 1). The prevalence and types of Modic changes did not change at Post
6 M and 12 M (baseline: type 2 [n = 2], type 3 [n = 2]; 6 M: type 2 [n = 2], type 3 [n = 2];
12 M: type 2 [n = 1], type 3 [n = 2], 1 patient dropped out of the study).

3.5. Disc Bulge

A disc bulge was found in 63.2% of the targeted discs (12 discs in 11 patients) at
baseline. There was no significant difference in the prevalence of disc bulge between the
PRPr and CS groups at baseline (p = 0.53, Table 1). The prevalence of disc bulge did not
change at Post 6 M and 12 M (6 M: 12 discs [63.2%]; 12 M: 10 discs [58.8%)], 1 dropped out
of the study).

3.6. High-Intensity Zones in Anterior AF

HIZs in the anterior AF (anterior HIZs) were identified in 26.3% of the targeted discs
(5 discs in 4 patients) at baseline. No significant difference in prevalence was observed
between the CS and PRPr groups (Table 1). Among them, the round type was found in four
discs, and the rim type in one disc. The anterior HIZs at baseline did not change during
follow-up; however, 1 round type and 1 rim type were newly identified at Post 12 M.

3.7. High-Intensity Zones in Posterior AF

HIZs in the posterior AF (posterior HIZs) were identified in 68.4% of the targeted discs
(13 discs in 11 patients) at baseline. No significant difference in prevalence was observed
between the CS and PRPr groups (Table 1). A total of 3 discs (15.8%) were of the round
type, and 10 discs (52.6%) were of the vertical type. After shrinking, 1 vertical-type HIZ in
the posterior AF disappeared at Post 12 M. Other HIZs showed no changes in prevalence
or type.

3.8. Factors Associated with VAS

There were no significant differences in VAS at baseline among the groups classified
according to the image characteristics of the targeted discs, including the number of targeted
discs (a), modified Pfirrmann grading (b), Modic changes (c), disc bulge (d), anterior (e)
and posterior (f) HIZs, and treatment group (g) (Figure 2a—-g). However, the VAS at Post
12 M was significantly higher in patients without Modic changes compared to those with
Modic changes (p < 0.05, Figure 2¢) and in patients with posterior HIZs compared to those
without posterior HIZs (p < 0.05, Figure 2f).

The change in VAS score was significantly lower in patients with posterior HIZs
than in those without posterior HIZs (p < 0.05, Table 2). The % change in VAS was
significantly lower in patients with 2 targeted discs compared to those without 2 targeted
discs, significantly lower in patients without Modic changes compared to those with Modic
changes, and significantly lower in patients with posterior HIZs compared to those without
posterior HIZs (all p < 0.05; Table 2). Segmental angulation or LL angle at baseline showed
no significant correlations with VAS at Post 12 M, change in VAS, or % change in VAS.
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Figure 2. VAS at baseline and Post 12 M. VAS scores at baseline and Post 12 M among the groups
classified by image characteristics of the targeted discs, including (a) number of targeted discs,
(b) modified Pfirrmann grading, (c¢) Modic changes, (d) disc bulge, (e) anterior HIZ, (f) posterior
HIZs, and (g) treatment group. VAS, visual analog scale; CS, corticosteroid; PRPr, platelet-rich plasma
* p < 0.05 between the groups.

releasate; HIZ, high-intensity zone.

Table 2. Factors associated with VAS.

Number of the

" One Two One Two
Target Disc
5.1(2.3) 2.9 (3.5) 0.31 84.1 (12.8) 43.3 (53.1) <0.05
MRI grade G4 G5 G6 G4 G5 G6
45(2.7) 2.6 (3.9) 6.3 (2.8) 0.46 67.3 75.8 (4.7) go.4 0.8
(40.8) (19.2)
Modic change - 1 - +
4.2 (3.0) 6.0 (0.9) 0.16 67.1 (6.0) 95.7 (3.9) <0.05
Disc bulge - + - +
47 (3.4) 4.3 (2.7) 0.86 69.2 (49.2 72.6 (29.8 0.91
Anterior HIZ = + - +
5.3 (2.5) 2.5(3.1) 0.18 77.3 (31.7) 58.5 (42.3) 0.46
Posterior HIZ - + - T
6.4 (3.8) 3.8(2.9) <0.05 96.1 (5.5) 64.2 (36.5) <0.05
Group CS PRPr CS PRPr
3.0 (2.9) 5.3 (2.5) 0.18 61.0 (37.9) 78.2(33.2) 0.42

Change (Baseline — Post 12 M) and % change ([baseline — Post 12 M]/baseline x 100) in visual analog scale (VAS)
of each associated factor are shown. MRI grade was evaluated by modified Pfirrmann [11] grading system. HIZ:
high-intensity zone. Number in parentheses indicates standard deviation (SD).
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3.9. Factors Associated with ODI

No significant differences in the ODI at baseline were found among the groups classi-
fied according to the image characteristics of the targeted discs at baseline and treatment
group (Figure 3a—g). However, the ODI at Post 12 M was significantly higher in patients
without Modic changes compared to those with Modic changes (p < 0.05, Figure 3c) and
patients with posterior HIZs compared to those without posterior HIZs (p = 0.05, Figure 3f).

mModic change+

a One disc mTwo discs b Grade4 mGrade5 mGrade6 C "Modic change-
%0 n.s. 60 n.s. 50 n.s.
40 50
o L n.s ) © L
3 S 2 40 s
é 30 S il ns. g 30 .
3 20 o 30 K 2
Q a )
o T 8 20 [ o il
10 10 10
0 0 — 0 —
BL Post 12M BL 12M BL Post 12M
d Disc bulge- mDisc bulge+ e AnteriorHIZ- m AnteriorHIZ+ f Posterior HIZ-  m Posterior HIZ+
50 ns. 60 n.s. 50 n.s.
40 50 40 T
) [ o
g 30 I ns. g% T n-s. S 30 P=005
b & 30 L
o 20 o 02
o S 20 )
10 T 10 T 10
0 0 0
BL Post 12M BL Post 12M BL Post 12M
g CS mPRPr
50 ns
40
o T n.s.
o 30
: I
020
O
: O
0
BL Post 12M

Figure 3. ODI at baseline and Post 12 M. ODI at baseline and Post 12 M among the groups classified
by the image characteristics of the targeted discs, including (a) number of targeted discs, (b) modified
Pfirrmann grading, (c) Modic changes, (d) disc bulge, (e) anterior HIZ, (f) posterior HIZs, and (g)
treatment group. ODI, Oswestry Disability Index; CS, corticosteroid; PRPr, platelet-rich plasma
releasate; HIZ, high-intensity zone. ** p < 0.05 between the groups.

At baseline, there were no significant differences in the change in ODI between the
groups classified according to the image characteristics of the targeted discs or treatment
group (Table 3). The % change in ODI was significantly lower in patients without Modic
changes compared to those with Modic changes (p < 0.05) and in patients with posterior
HIZs compared to those without posterior HIZs (p < 0.05; Table 3). Segmental angulation
or LL angle at baseline showed no significant correlations with ODI at Post 12 M, change in
OD], or % change in ODI.

3.10. Factors Associated with RDQ

At baseline, no significant differences in RDQ scores were found among the groups
classified according to the baseline characteristics of the targeted discs or according to
the treatment group (Figure 4). However, the RDQ at Post 12 M in the CS group was
significantly higher than that in the PRPr group (p < 0.05, Figure 4g).
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Table 3. Factors associated with ODI.

Number of the

. One Two One Two
Target Disc
244 (7.5) 15.6 (24.0) 0.32 75.9 (27.7) 34.3 (46.1) 0.17
MRI grade G4 G5 G6 G4 G5 G6
21.7 61.6 90.0
(16.5) 19.0 (14.2) 24.3 (3.0) 0.94 (42.3) 43.0 (23.0) (14.1) 0.5
Modic change - + = +
19.4 (12.1) 34.5(23.3) 0.52 57.3 (38.6) 95.0 (7.1) <0.05
Disc bulge - + - +
25.1 (19.5) 20.2 (12.3) 0.66 76.9 (39.7) 57.0 (37.9) 0.43
Anterior HIZ - + - T
15.1 (13.0) 18.0 (13.0) 0.54 73.8 (40.0) 39.0 (19.9) 0.06
Posterior HIZ - + - +
33.9 (14.8) 18.1 (12.4) 0.2 100 (0) 52.0 (36.6) 0.05
Group CS PRPr CS PRPr
13.9 (9.7) 26.5 (14.8) 0.09 42.4 (31.5) 76.0 (37.6) 0.11
Change (baseline — Post 12 M) and % change ([baseline — Post 12 M]/baseline x 100) in Oswestry Disability
Index (ODI) [32] of each associated factor are shown. MRI grade was evaluated by modified Pfirrmann [11]
grading system. HIZ: high-intensity zone. Number in parentheses indicates standard deviation (SD).
a mOne disc mTwo discs b mGrade4 mGrade5 mGrade6 c*" Modic change m Modic change+
12 n.s. 14
12
1 o 15 o 10
% . 8 i S s
g © g L g6
S 4 i g ' i €
4 5 4 i
2 2
; ] ; n :
Post 12M BL 12M Post 12M
d m Disc bulge m Disc bulge+ @  =AnteriorHIZ-  mAnteriorHIZ+ f m Posterior HIZ-  mPosterior HIZ+
14 14

RDQ score

RDQ score
N

N

o

10 12

10 10
8 8 8
6 6 6
4 4 4
z z W
0 0 0

RDQ socre
RDQ score

Post 12M Post 12M Post 12M

uCS mPRPr

n.s.

II i

Post 12M

Figure 4. RDQ at baseline and Post 12 M. RDQ scores at baseline and Post 12 M among the groups
classified by image characteristics of the targeted discs, including (a) number of targeted discs,
(b) modified Pfirrmann grading, (c¢) Modic changes, (d) disc bulge, (e) anterior HIZ, (f) posterior
HIZs, and (g) treatment group. CS, corticosteroid; RDQ, Roland—Morris Disability Questionnaire;
PRPr, platelet-rich plasma releasate; HIZ, high-intensity zone. * p < 0.05 between the groups.

There were no significant differences in the change in RDQ scores among the groups
classified according to the baseline characteristics of the targeted discs (Table 4). The %
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change in RDQ was significantly lower in patients without Modic changes compared to
those with Modic changes (p < 0.05) and in patients with posterior HIZs compared to those
without posterior HIZs (p < 0.05) (Table 4). Segmental angulation or LL angle at baseline
showed no significant correlations with RDQ at Post 12 M, change in RDQ, or % change in
RDQ.

Table 4. Factors associated with RDQ.

Associated Factor Change in RDQ p-Value % Change in RDQ p-Value
Number of the Target One Two One Two
Disc
7.0(5.4) 7.0 (7.5) 1.0 77.1 (41.3) 74.2 (21.1) 0.9
MRI grade G4 G5 G6 G4 G5 G6
6.8 (6.3) 7.5(2.1) 7.5(0.7) 0.98 74.6 (40.7)  59.8 (9.7) 100 (0) 0.55
Modic change - + - +
6.4 (5.0) 10.5 (6.4) 0.52 71.9 (37.0) 100 (0) <0.05
Disc bulge - + - +
6.8 (5.7) 7.1(5.3) 0.92 87.5 (25.0) 71.2 (39.4) 0.39
Anterior HIZ = 4 = +
7.6 (6.1) 5.8 (2.5) 0.46 84.3 (40.2) 58.0 (7.9) 0.09
Posterior HIZ - + - +
10.0 (6.2 6.1(4.8) 0.4 100 (0) 36.1(37.7) <0.05
Group CS PRPr CS PRPr
42 (45 8.8 (5.0) 0.13 49.6 (44.4) 92.8 (14.1) 0.1

Change (baseline — Post 12 M) and % change ([baseline — Post 12 M]/baseline x 100) in Roland-Morris Disability
Questionnaire (RDQ) [33] of each associated factor are shown. MRI grade was evaluated by modified Pfirrmann
[11] grading system. HIZ: high-intensity zone. Number in parentheses indicates standard deviation (SD).

3.11. Multiple Regression Analysis for Identifying the Factors Associated with VAS, ODI and
RDQ

Multiple regression analysis for identifying the factors associated with VAS revealed
that the number of targeted discs was significantly associated with the % change in VAS
score (p < 0.01, Table 5c). Regarding the ODI, the analysis identified that the presence of
posterior HIZs was a significant factor associated with ODI at Post 12 M (p = 0.05, Table 5d).
‘Posterior HIZs” and a ‘number of targeted discs” were the factors significantly associated
with the % change in ODI (both p < 0.05, Table 5f). Regarding the RDQ, the analysis
identified that the ‘treatment group” was a significant factor associated with the RDQ at
Post 12 M (p < 0.05, Table 5g). “Treatment group’ was also significantly associated with a %
change in RDQ (p < 0.05, Table 5i).

Table 5. Results of multiple regression analyses.

a. VAS at 12 Months Post-injection (VAS Post 12 M)

ns.
b. Change in VAS at 12 months Post-injection (Change in VAS)
n.s.
c. Percent Change in VAS at 12 months Post-injection (% change in VAS)
B Bstand T p value
Number of —40.7 —0.57 -23 <0.05

targeted discs

R?: 0.32, p < 0.05
d. ODI at 12 months Post-injection (ODI Post 12 M)
B Bstand T p value
Posterior HIZ 17.6 0.55 22 0.05
R?%: 0.31, p = 0.05
e. Change in ODI at 12 months Post-injection (Change in ODI)
n.s.
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Table 5. Cont.

f. Percent Vhange in ODI at 12 Months Post-injection (% Change in ODI)

B Bstand T p value
Posterior HIZ —494 —0.57 —-29 <0.05
Number of 43 —0.54 27 <0.05

targeted discs

R?: 0.60, p = 0.010.
g. RDQ at 12 Months Post-injection (RDQ Post 12 M)
B Bstand T p value
Treatment group 5.7 —0.59 —2.4 <0.05
R?: 0.35, p < 0.05
h. Change in RDQ at 12 Months Post-injection (Change in RDQ)

n.s.
i. Percent Change in RDQ at 12 months Post-injection (% Change in RDQ)
B Bstand T p value
Treatment group 432 0.62 2.6 <0.05

RZ: 0.38, p < 0.05

VAS: visual analogue scale; ODI: Oswestry Disability Index [32]; RDQ: Roland-Morris Disability
Questionnaire [33].

4. Discussion

In this study, among the 15 patients, 11 (73.3%) had 1 targeted disc, and 4 (26.7%) had
2 targeted discs. Univariate analysis showed that patients treated with the two targeted
discs showed a significantly lower % change in VAS. Multivariate analysis showed that ‘two
targeted discs” was significantly associated with a decrease in % change in VAS and OD],
suggesting that the number of targeted discs may affect the outcomes of PRPr treatment.

The targeted discs were classified from grades 4 to 6 using the Modified Pfirrmann
grading system [11], which reflects moderate IVD degeneration. The results of this study
showed that the MRI grades limited from grades 4 to 6 had no significant effects on the
outcome of PRPr injection therapy for discogenic LBP; however, the differences in the
treatment outcome may be found in the case of advanced stages of degeneration.

LL is the anterior curvature of the lumbar spine formed by the wedging of lumbar IVDs,
and its angle is an important parameter of lumbar sagittal balance [35]. A meta-analysis
by Chun et al. [20] demonstrated that LBP was strongly associated with a decreased LL
curve. Another factor considered to be related to LBP is intervertebral instability [19]. This
current study evaluated the LL angle and intervertebral instability using lateral lumbar
radiographs and showed that neither parameter showed any significant changes after
PRPr injection. Furthermore, neither parameter affected the treatment outcomes of PRPr
injections. Although the mean age of the patients in our study was relatively young, these
parameters may affect the treatment outcomes in middle-aged and older patients with
advanced stages of IVD degeneration.

A previous population-based study showed that Modic changes in the lumbar region
were found in 63.5% of the middle-aged population [8]. Among them, the prevalence of
Modic type II was the highest, followed by types I and II. Importantly, only Modic type I
changes were significantly associated with LBP. In our study, Modic type II or IIl was found
only in 20% of patients, whose VAS and ODI scores were significantly lower compared to
those without Modic changes at Post 12 M. As the prevalence of Modic changes was small
in our study, this result should be considered as a reference. However, it is considered that
discogenic patients with Modic type II or III changes can be included as candidates for
PRPr treatment.

Disc bulges are often identified on lumbar MRI of asymptomatic populations [15];
however, several studies have demonstrated that disc bulges are significantly associated
with LBP [14,40]. Disc bulge was identified in 73% of patients with discogenic LBP; however,
it was not significantly related to the extent of LBP or LBP-related quality of life at baseline.
In addition, the presence of disc bulges did not affect either the change or % change in VAS,
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ODI, or RDQ. The authors speculated that disc bulges in the targeted discs would have
little impact on the treatment outcomes of PRPr injection.

Originally, HIZs were defined as high-intensity signals on T2ZW MRI of the posterior
AF [18]. HIZs are considered important biomarkers of discogenic LBP because they correlate
with induced pain after provocative discography [18]. However, there is controversy
regarding the clinical significance of HIZs because some studies have demonstrated that
HIZs are also frequently found in asymptomatic subjects [41]. A recent large population-
based cohort study showed that lumbar HIZs, especially homogenous multilevel HIZs, are
significantly associated with prolonged and/or severe LBP and sciatica [42]. This current
study identified posterior HIZs in 73% of the patients with discogenic LBP. The results
of this current study demonstrated that the presence of posterior HIZs had no significant
effect on the extent of LBP and LBP-related disability at baseline; however, VAS and ODI
scores at Post 12 M were significantly higher in patients with posterior HIZs than in those
without them. Multiple regression analysis revealed that posterior HIZs were significant
factors associated with ODI at Post 12 M and % change in ODI. These results suggest that
posterior HIZs do not affect LBP intensity itself but may affect the treatment outcomes of
IVD reparative therapies, including PRPr injection.

Recently, a significant association between anterior HIZs and discogenic LBP has also
been reported [43]; however, anterior HIZs were found only in four patients in our study.
Moreover, the presence of anterior HIZs did not affect the extent of LBP and LBP-related
disabilities either at baseline or Post 12 M, suggesting that anterior HIZs may not affect the
treatment outcomes of PRPr injection therapy.

A previous randomized controlled study reported that the % change in RDQ score in
PRPr patients was significantly higher than that in CS patients at week 32 post-optional
injection [27]. Consequently, the subjects in the PRPr group received two injections of
PRPr, whereas the subjects in the CS group received a single injection of corticosteroid
and PRPr. In this current study, multiple regression analysis revealed that the ‘treatment
group’ was significantly associated with RDQ at Post 12 M and % change in RDQ. The
results suggest that LBP-related disability was significantly improved by the two injections
of PRPr compared to the injection of CS followed by PRPr. Therefore, two injections of
PRPr are recommended for patients with discogenic LBP where further improvements in
LBP are expected.

In this current study, LBP-related disability was assessed using both the ODI and
RDQ. Both assessment scores were improved by PRPr treatment at Post 12 M; however, a
statistical significance was identified only in the RDQ score. Chiarotto et al. [44] conducted
a meta-analysis to compare the measurement properties of the ODI and RDQ in adult
patients with non-specific LBP. They reported that the ODI showed better reliability and
less measurement errors, whereas the RDQ showed better construct validity as a measure of
physical functioning. The authors speculated that the improvement of physical functioning
in daily life activities was better reflected by RDQ than ODI after the injection of PRPr.

This study had several limitations. First, because this study aimed to investigate the
factors associated with PRPr treatment, one patient in the CS group who received only
CS was excluded. Second, patients in the CS group underwent CS followed by PRPr. It is
unclear whether CS influences the subsequent administration of PRPr. Therefore, it was
not possible to compare the treatment outcomes of single or double injections of PRPr in
this study. Thirdly, there was an imbalance in the number of male and female patients
in this study. Therefore, the possibility that gender differences affect the efficacy of PRPr
treatment cannot be denied. Finally, the number of subjects in this study was small, and
the number of subjects in the two groups was uneven. Therefore, the results obtained in
this study should be regarded as preliminary data.

5. Conclusions

The results of this current study showed that radiographic parameters and /or MRI
phenotypes associated with IVD degeneration did not show remarkable changes 12 months
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after PRPr injection into painful (targeted) IVDs. This current study identified that the
number of painful discs (targeted discs) was one of the factors associated with poor treat-
ment outcomes. Therefore, the number of painful discs (targeted discs) by patients should
be considered to accurately evaluate treatment in future clinical studies of disc therapies.
This current study also noted that the presence of posterior HIZs was associated with poor
LBP-related disability. Elucidating the pathology of posterior HIZs may lead to further
improvements in the treatment of discogenic LBP.

Author Contributions: Conceptualization, K.A.; methodology, K.A ; validation, T.F, N.T. and J.Y,;
formal analysis, K.A.; investigation, T.F. and N.T.; data curation, K.A.; writing—original draft prepa-
ration, K.A.; writing—review and editing, T.F,, N.T. and ]J.Y.; supervision, A.S.; project administration,
K.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the institutional review boards of Mie University Hospital
(IRB reference number: H2023-001, date of approval: 4 January 2023).

Informed Consent Statement: Informed consent was obtained in the form of an opt-out on the
website.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and
years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: A systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2018, 392, 1789-1858. [CrossRef] [PubMed]

Katz, ].N. Lumbar disc disorders and low-back pain: Socioeconomic factors and consequences. J. Bone Jt. Surg. Am. 2006, 88
(Suppl. 2), 21-24. [CrossRef]

Mohd Isa, I.L.; Teoh, S.L.; Mohd Nor, N.H.; Mokhtar, S.A. Discogenic Low Back Pain: Anatomy, Pathophysiology and Treatments
of Intervertebral Disc Degeneration. Int. J. Mol. Sci. 2022, 24, 208. [CrossRef] [PubMed]

Vo, N.V,; Hartman, R.A; Patil, P.R.; Risbud, M.V,; Kletsas, D.; Iatridis, ].C.; Hoyland, J.A.; Le Maitre, C.L.; Sowa, G.A.; Kang, ].D.
Molecular mechanisms of biological aging in intervertebral discs. J. Orthop. Res. 2016, 34, 1289-1306. [CrossRef] [PubMed]
Osti, O.L.; Vernon-Roberts, B.; Moore, R.; Fraser, R.D. Annular tears and disc degeneration in the lumbar spine. A post-mortem
study of 135 discs. J. Bone Jt. Surg. Br. 1992, 74, 678-682. [CrossRef] [PubMed]

Vernon-Roberts, B.; Moore, R.].; Fraser, R.D. The natural history of age-related disc degeneration: The pathology and sequelae of
tears. Spine (Phila Pa 1976) 2007, 32, 2797-2804. [CrossRef]

Videman, T.; Nurminen, M. The occurrence of anular tears and their relation to lifetime back pain history: A cadaveric study
using barium sulfate discography. Spine (Phila Pa 1976) 2004, 29, 2668-2676. [CrossRef]

Mera, Y.; Teraguchi, M.; Hashizume, H.; Oka, H.; Muraki, S.; Akune, T.; Kawaguchi, H.; Nakamura, K.; Tamai, H.; Tanaka, S.; et al.
Association between types of Modic changes in the lumbar region and low back pain in a large cohort: The Wakayama spine
study. Eur. Spine J. 2021, 30, 1011-1017. [CrossRef]

Modic, M.T; Steinberg, PM.; Ross, ].S.; Masaryk, T.].; Carter, ].R. Degenerative disk disease: Assessment of changes in vertebral
body marrow with MR imaging. Radiology 1988, 166, 193—-199. [CrossRef]

Ohtori, S.; Miyagi, M.; Inoue, G. Sensory nerve ingrowth, cytokines, and instability of discogenic low back pain: A review. Spine
Surg. Relat. Res. 2018, 2, 11-17. [CrossRef]

Griffith, J.F.; Wang, Y.X.; Antonio, G.E.; Choi, K.C.; Yu, A.; Ahuja, A.T.; Leung, P.C. Modified Pfirrmann grading system for
lumbar intervertebral disc degeneration. Spine (Phila Pa 1976) 2007, 32, E708-E712. [CrossRef] [PubMed]

Pfirrmann, C.W.; Metzdorf, A.; Zanetti, M.; Hodler, ].; Boos, N. Magnetic resonance classification of lumbar intervertebral disc
degeneration. Spine (Phila Pa 1976) 2001, 26, 1873-1878. [CrossRef] [PubMed]

Maatta, J.H.; Karppinen, J.I; Luk, K.D.; Cheung, K.M.; Samartzis, D. Phenotype profiling of Modic changes of the lumbar spine
and its association with other MRI phenotypes: A large-scale population-based study. Spine J. 2015, 15, 1933-1942. [CrossRef]
[PubMed]

Brinjikji, W.; Diehn, EE.; Jarvik, ].G.; Carr, C.M.; Kallmes, D.F; Murad, M.H.; Luetmer, PH. MRI Findings of Disc Degeneration
are More Prevalent in Adults with Low Back Pain than in Asymptomatic Controls: A Systematic Review and Meta-Analysis.
AJNR Am. . Neuroradiol. 2015, 36, 2394-2399. [CrossRef] [PubMed]


http://doi.org/10.1016/S0140-6736(18)32279-7
http://www.ncbi.nlm.nih.gov/pubmed/30496104
http://doi.org/10.2106/00004623-200604002-00005
http://doi.org/10.3390/ijms24010208
http://www.ncbi.nlm.nih.gov/pubmed/36613651
http://doi.org/10.1002/jor.23195
http://www.ncbi.nlm.nih.gov/pubmed/26890203
http://doi.org/10.1302/0301-620X.74B5.1388173
http://www.ncbi.nlm.nih.gov/pubmed/1388173
http://doi.org/10.1097/BRS.0b013e31815b64d2
http://doi.org/10.1097/01.brs.0000146461.27105.2b
http://doi.org/10.1007/s00586-020-06618-x
http://doi.org/10.1148/radiology.166.1.3336678
http://doi.org/10.22603/ssrr.2016-0018
http://doi.org/10.1097/BRS.0b013e31815a59a0
http://www.ncbi.nlm.nih.gov/pubmed/18007231
http://doi.org/10.1097/00007632-200109010-00011
http://www.ncbi.nlm.nih.gov/pubmed/11568697
http://doi.org/10.1016/j.spinee.2015.06.056
http://www.ncbi.nlm.nih.gov/pubmed/26133258
http://doi.org/10.3174/ajnr.A4498
http://www.ncbi.nlm.nih.gov/pubmed/26359154

Medicina 2023, 59, 640 14 of 15

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Jensen, M.C.; Brant-Zawadzki, M.N.; Obuchowski, N.; Modic, M.T.; Malkasian, D.; Ross, ].S5. Magnetic resonance imaging of the
lumbar spine in people without back pain. N. Engl. ]. Med. 1994, 331, 69-73. [CrossRef] [PubMed]

Peng, B.; Wu, W,; Hou, S; Li, P; Zhang, C.; Yang, Y. The pathogenesis of discogenic low back pain. J. Bone Jt. Surg. Br. 2005, 87,
62-67. [CrossRef]

Carragee, E.J.; Paragioudakis, S.J.; Khurana, S. 2000 Volvo Award winner in clinical studies: Lumbar high-intensity zone and
discography in subjects without low back problems. Spine (Phila Pa 1976) 2000, 25, 2987-2992. [CrossRef] [PubMed]

Aprill, C.; Bogduk, N. High-intensity zone: A diagnostic sign of painful lumbar disc on magnetic resonance imaging. Br. . Radiol.
1992, 65, 361-369. [CrossRef]

Sato, H.; Kikuchi, S. The natural history of radiographic instability of the lumbar spine. Spine (Phila Pa 1976) 1993, 18, 2075-2079.
[CrossRef]

Chun, SW.; Lim, C.Y,; Kim, K.; Hwang, J.; Chung, S.G. The relationships between low back pain and lumbar lordosis: A
systematic review and meta-analysis. Spine J. 2017, 17, 1180-1191. [CrossRef]

Kato, K.; Akeda, K.; Miyazaki, S.; Yamada, J.; Muehleman, C.; Miyamoto, K.; Asanuma, Y.A.; Asanuma, K.; Fujiwara, T.; Lenz,
M.E.; et al. NF-kB decoy oligodeoxynucleotide preserves disc height in a rabbit anular-puncture model and reduces pain
induction in a rat xenograft-radiculopathy model. Eur. Cell. Mater. 2021, 42, 90-109. [CrossRef] [PubMed]

Akeda, K.; Yamada, J.; Linn, E.T.; Sudo, A.; Masuda, K. Platelet-rich plasma in the management of chronic low back pain: A
critical review. J. Pain. Res. 2019, 12, 753-767. [CrossRef] [PubMed]

An, H.S,; Thonar, E.J.; Masuda, K. Biological repair of intervertebral disc. Spine (Phila Pa 1976) 2003, 28, S86-S92. [CrossRef]
[PubMed]

Sakai, D.; Schol, J.; Watanabe, M. Clinical Development of Regenerative Medicine Targeted for Intervertebral Disc Disease.
Medicina 2022, 58, 267. [CrossRef] [PubMed]

Navani, A; Li, G.; Chrystal, J. Platelet Rich Plasma in Musculoskeletal Pathology: A Necessary Rescue or a Lost Cause? Pain
Physician 2017, 20, E345-E356. [CrossRef] [PubMed]

Muthu, S.; Jeyaraman, M.; Chellamuthu, G.; Jeyaraman, N.; Jain, R.; Khanna, M. Does the Intradiscal Injection of Platelet Rich
Plasma Have Any Beneficial Role in the Management of Lumbar Disc Disease? Glob. Spine J. 2021, 12, 503-514. [CrossRef]
Akeda, K.; Ohishi, K.; Takegami, N.; Sudo, T.; Yamada, J.; Fujiwara, T.; Niimi, R.; Matsumoto, T.; Nishimura, Y.; Ogura, T.; et al.
Platelet-Rich Plasma Releasate versus Corticosteroid for the Treatment of Discogenic Low Back Pain: A Double-Blind Randomized
Controlled Trial. J. Clin. Med. 2022, 11, 304. [CrossRef]

Akeda, K.; Ohishi, K.; Masuda, K.; Bae, W.C.; Takegami, N.; Yamada, J.; Nakamura, T.; Sakakibara, T.; Kasai, Y.; Sudo, A.
Intradiscal Injection of Autologous Platelet-Rich Plasma Releasate to Treat Discogenic Low Back Pain: A Preliminary Clinical
Trial. Asian Spine J. 2017, 11, 380-389. [CrossRef]

Collins, T.; Alexander, D.; Barkatali, B. Platelet-rich plasma: A narrative review. EFORT Open Rev. 2021, 6, 225-235. [CrossRef]
Dixon, ].S.; Bird, H.A. Reproducibility along a 10 cm vertical visual analogue scale. Ann. Rheum. Dis. 1981, 40, 87-89. [CrossRef]
Shafshak, T.S.; ElInemr, R. The Visual Analogue Scale Versus Numerical Rating Scale in Measuring Pain Severity and Predicting
Disability in Low Back Pain. J. Clin. Rheumatol. 2021, 27, 282-285. [CrossRef] [PubMed]

Fairbank, J.C.; Pynsent, P.B. The Oswestry Disability Index. Spine (Phila Pa 1976) 2000, 25, 2940-2952, discussion 2952. [CrossRef]
[PubMed]

Roland, M.; Fairbank, J. The Roland-Morris Disability Questionnaire and the Oswestry Disability Questionnaire. Spine (Phila Pa
1976) 2000, 25, 3115-3124. [CrossRef] [PubMed]

Iguchi, T.; Ozaki, T.; Chin, T.; Tsumura, N.; Kanemura, A.; Kasahara, K.; Kuroda, R.; Doita, M.; Nishida, K. Intimate relationship
between instability and degenerative signs at L4/5 segment examined by flexion-extension radiography. Eur. Spine J. 2011, 20,
1349-1354. [CrossRef] [PubMed]

Been, E.; Kalichman, L. Lumbar lordosis. Spine J. 2014, 14, 87-97. [CrossRef]

Maatta, J.H.; Karppinen, J.; Paananen, M.; Bow, C.; Luk, K.D.K.; Cheung, K. M.C.; Samartzis, D. Refined Phenotyping of Modic
Changes: Imaging Biomarkers of Prolonged Severe Low Back Pain and Disability. Medicine 2016, 95, €3495. [CrossRef]

Fardon, D.F;; Williams, A.L.; Dohring, E.J.; Murtagh, FR.; Gabriel Rothman, S.L.; Sze, G.K. Lumbar disc nomenclature: Version
2.0: Recommendations of the combined task forces of the North American Spine Society, the American Society of Spine Radiology
and the American Society of Neuroradiology. Spine J. 2014, 14, 2525-2545. [CrossRef]

Wang, Z.X.; Hu, Y.G. Imaging Analysis of the High-Intensity Zone on Lumbar Spine Magnetic Resonance Images: Classification,
Features and Correlation with Low Back Pain. J. Pain. Res. 2021, 14, 2981-2989. [CrossRef]

Teraguchi, M.; Samartzis, D.; Hashizume, H.; Yamada, H.; Muraki, S.; Oka, H.; Cheung, J.P.; Kagotani, R.; Iwahashi, H.; Tanaka,
S.; et al. Classification of High Intensity Zones of the Lumbar Spine and Their Association with Other Spinal MRI Phenotypes:
The Wakayama Spine Study. PLoS ONE 2016, 11, e0160111. [CrossRef]

Al-Saeed, O.; Al-Jarallah, K; Raeess, M.; Sheikh, M.; Ismail, M.; Athyal, R. Magnetic resonance imaging of the lumbar spine in
young arabs with low back pain. Asian Spine J. 2012, 6, 249-256. [CrossRef]

Teraguchi, M.; Yim, R.; Cheung, ].P,; Samartzis, D. The association of high-intensity zones on MRI and low back pain: A systematic
review. Scoliosis Spinal Disord. 2018, 13, 22. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJM199407143310201
http://www.ncbi.nlm.nih.gov/pubmed/8208267
http://doi.org/10.1302/0301-620X.87B1.15708
http://doi.org/10.1097/00007632-200012010-00005
http://www.ncbi.nlm.nih.gov/pubmed/11145809
http://doi.org/10.1259/0007-1285-65-773-361
http://doi.org/10.1097/00007632-199310001-00026
http://doi.org/10.1016/j.spinee.2017.04.034
http://doi.org/10.22203/eCM.v042a07
http://www.ncbi.nlm.nih.gov/pubmed/34284523
http://doi.org/10.2147/JPR.S153085
http://www.ncbi.nlm.nih.gov/pubmed/30881089
http://doi.org/10.1097/01.BRS.0000076904.99434.40
http://www.ncbi.nlm.nih.gov/pubmed/12897480
http://doi.org/10.3390/medicina58020267
http://www.ncbi.nlm.nih.gov/pubmed/35208590
http://doi.org/10.36076/ppj.2017.E356
http://www.ncbi.nlm.nih.gov/pubmed/28339434
http://doi.org/10.1177/2192568221998367
http://doi.org/10.3390/jcm11020304
http://doi.org/10.4184/asj.2017.11.3.380
http://doi.org/10.1302/2058-5241.6.200017
http://doi.org/10.1136/ard.40.1.87
http://doi.org/10.1097/RHU.0000000000001320
http://www.ncbi.nlm.nih.gov/pubmed/31985722
http://doi.org/10.1097/00007632-200011150-00017
http://www.ncbi.nlm.nih.gov/pubmed/11074683
http://doi.org/10.1097/00007632-200012150-00006
http://www.ncbi.nlm.nih.gov/pubmed/11124727
http://doi.org/10.1007/s00586-011-1793-7
http://www.ncbi.nlm.nih.gov/pubmed/21509654
http://doi.org/10.1016/j.spinee.2013.07.464
http://doi.org/10.1097/MD.0000000000003495
http://doi.org/10.1016/j.spinee.2014.04.022
http://doi.org/10.2147/JPR.S332509
http://doi.org/10.1371/journal.pone.0160111
http://doi.org/10.4184/asj.2012.6.4.249
http://doi.org/10.1186/s13013-018-0168-9
http://www.ncbi.nlm.nih.gov/pubmed/30377668

Medicina 2023, 59, 640 15 of 15

42. Teraguchi, M.; Cheung, ]J.P.Y.; Karppinen, J.; Bow, C.; Hashizume, H.; Luk, K.D.K.; Cheung, KM.C.; Samartzis, D. Lumbar
high-intensity zones on MRI: Imaging biomarkers for severe, prolonged low back pain and sciatica in a population-based cohort.
Spine J. 2020, 20, 1025-1034. [CrossRef] [PubMed]

43. Wang, Z.X,; Hou, Z.T,; Hu, Y.G. Anterior High-Intensity Zone in Lumbar Discs: Prevalence and Association with Low Back Pain.
Pain Med. 2020, 21, 2111-2116. [CrossRef] [PubMed]

44. Chiarotto, A.; Maxwell, L.J.; Terwee, C.B.; Wells, G.A.; Tugwell, P.; Ostelo, R.W. Roland-Morris Disability Questionnaire and
Oswestry Disability Index: Which Has Better Measurement Properties for Measuring Physical Functioning in Nonspecific Low
Back Pain? Systematic Review and Meta-Analysis. Phys. Ther. 2016, 96, 1620-1637. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.spinee.2020.02.015
http://www.ncbi.nlm.nih.gov/pubmed/32135303
http://doi.org/10.1093/pm/pnaa236
http://www.ncbi.nlm.nih.gov/pubmed/32951055
http://doi.org/10.2522/ptj.20150420
http://www.ncbi.nlm.nih.gov/pubmed/27081203

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	PRP Releasate Preparation and Fluoroscopy-Guided Injection 
	Outcome Measures 
	Radiographic Evaluation 
	MR Imaging 
	MRI Evaluation 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Change in Segmental Angulation of Targeted Discs 
	Change in Lumbar Lordosis Angle 
	Modic Changes 
	Disc Bulge 
	High-Intensity Zones in Anterior AF 
	High-Intensity Zones in Posterior AF 
	Factors Associated with VAS 
	Factors Associated with ODI 
	Factors Associated with RDQ 
	Multiple Regression Analysis for Identifying the Factors Associated with VAS, ODI and RDQ 

	Discussion 
	Conclusions 
	References

