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ABSTRACT

Introduction: Chronic back pain is a long-last-
ing disorder that is significantly associated with
a reduction in the quality of life. Previously, the
efficacy of intradiscal and epidural injections of
plasma rich in growth factors (PRGF) was dem-
onstrated at 6 months. The objective of this
study was to retrospectively examine the medi-
cal records of these patients in order to deter-
mine whether the observed improvement at the
6-month follow-up was sustained over time.
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Methods: PRGF efficacy was evaluated using
validated questionnaires: Core Outcome Meas-
ure Index (COMI) Pain score, COMI Disability
score, COMI total score, and Oswestry Disabil-
ity Index (ODI). Furthermore, an evaluation was
conducted to determine whether the patients
had undergone additional treatments.

Results: the results demonstrated that 85.2% of
the 27 patients who were enrolled exhibited sus-
tained improvement across all scales over a median
follow-up period of 24 months. The results of all
questionnaires administered at 24 months exhib-
ited statistically significant differences when com-
pared to the baseline data (p<0.01). Furthermore,
there were no statistically significant differences
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between the results reported at 6 months and
those at 24 months (p>0.05).

Conclusions: the results of this retrospective
study demonstrate that treatment of chronic
back pain with PRGF was effective in maintain-
ing pain reduction and improving function for
at least 24 months after the end of treatment.

Keywords: Back pain; Degenerative disc
disease; Growth factors; Intervertebral disc
degeneration; Platelet-rich plasma; PRGF; PRP;
Regenerative medicine

Key Summary Points

Why carry out this study?

Chronic back pain is a very prevalent disease
that presents a significant social and eco-
nomic burden and is continually growing
due to lifestyle habits and the progressive
aging of the population.

Regenerative medicine offers biological
therapies utilizing blood derivatives, such

as plasma rich in growth factors (PRGF) as a
solution for treating chronic back pain. These
therapies are minimally invasive and autolo-
gous, representing an innovative biological
approach to pain management.

The purpose of the present study was to
retrospectively examine patient records
and determine whether the improvement
observed in the patients treated with PRGF
was sustained over time.

What was learned from the study?

Previous studies have shown that intradiscal
and epidural infiltration of PRGF significantly
reduces chronic back pain and physical dis-
ability for at least 6 months.

The present study supports the findings

of the previous prospective study and pro-
vides additional data on long-term effects,
as the improvement in all scales evaluated
was maintained in the majority of patients
(85.2%) over a mean follow-up period of 24
months.

INTRODUCTION

The social and economic burden of chronic back
pain is considerable and continues to grow, pri-
marily due to lifestyle habits and the progressive
aging of the population. This condition is identi-
fied as one of the ten leading causes of disability-
adjusted life years (DALYs) worldwide, ranking
fourth after ischemic heart disease, cerebrovas-
cular disease, and lower respiratory tract infec-
tions [1]. The prevalence of back pain through-
out a person’s life is variable, ranging from 11 to
84% [2]. It is associated with increased health-
care costs and is a leading cause of sick leave
in both high- and low-income countries. In the
United States in 2016, pathology generated the
most healthcare spending among 154 diseases,
at a cost of approximately $134.5 billion [3].
This figure does not include indirect costs such
as sick leave and lost productivity [4]. For all
these reasons, there is a great deal of motiva-
tion—medical, social, and economic—to find
effective treatments for the reduction of chronic
low back pain.

The current management of chronic back
pain comprises a range of non-pharmacological
interventions, including physiotherapy, activity
modification, and electrotherapy, in addition to
pharmacological treatments such as non-steroi-
dal anti-inflammatory drugs (NSAIDs), muscle
relaxants, opioids, and corticosteroids [5-7]. In
cases where conservative treatments have been
unsuccessful, interventional procedures may
be considered, including epidural steroid injec-
tions, nerve blocks, or radiofrequency ablation
[5, 6]. All these treatments have certain limi-
tations and variable results. The emergence of
promising new biologically inspired, minimally
invasive strategies offers an opportunity to
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overcome the current limitations of conven-
tional treatments and address unmet medical
needs. These strategies aim to tackle the under-
lying causes of the lesions, with the potential
to reduce both recovery time and the number
of recurrences. The incorporation of regenera-
tive medicine strategies, particularly platelet-rich
plasma (PRP), has demonstrated efficacy in the
treatment of chronic back pain [8-12]. The use
of PRP involves the administration of growth
factors and other anti-inflammatory biomol-
ecules with the aim of not only alleviating pain
but also restoring functionality [13, 14].

A groundbreaking biological approach in this
field is plasma rich growth factors (PRGF) tech-
nology, which has been applied in several areas
of medicine for more than 25 years [15], includ-
ing pathologies of the musculoskeletal system
[16-18], such as cervical and low back pain
[19-22]. PRGF technology represents a paradigm
of orthobiologics [23] since it is a type of PRP in
which platelets are moderately concentrated and
both erythrocytes and leukocytes are removed.
Finally, activation with calcium chloride allows
both the activation of the coagulation cascade
and the controlled release of platelet growth fac-
tors [24].

Recently, our research group has conducted a
prospective observational study with a 6-month
follow-up period to demonstrate the efficacy of
intradiscal and epidural PRGF infiltrations in
patients with chronic clinical symptoms due
to intervertebral disc (IVD) degeneration [22].
In this study, 87.5% of patients exhibited a
reduction in pain on the Numeric Rating Scale
(NRS) scale exceeding 30%, which is considered
to be the minimal clinically important change
(MCIC), starting from a median of 8 and ending
at 6 months with a value of 2 points [22]. These
encouraging results observed during the follow-
up period with respect to pain, functionality and
quality of life have prompted us to explore the
long-term evolution of these patients, assum-
ing that there is substantial evidence indicat-
ing that chronic back pain is a condition that
typically persists throughout an individual’s
lifetime, with a high probability of recurrence
[25, 26]. Accordingly, the objective of the pre-
sent study was to retrospectively examine the
medical records of patients who had participated

in our previous 6-month prospective study to
ascertain whether the observed improvement at
the 6-month follow-up was sustained over time.
For this purpose, we surveyed the same ques-
tionnaires and evaluated whether the patients
had experienced recurrences and/or received
additional treatments.

METHODS

Study Design and Patient Population

This study was a retrospective observational
study of a previously prospective study [22]
carried out in a single private center in Vitoria
(Spain). The protocol of this retrospective study
(code BTIIMD-01-ER-24-DISC2) was approved
in July 2024, by the Institutional Review Board
(CEIm-E) and conducted in accordance with the
revised World Medical Association Declaration
of Helsinki, amended in 2013 in Brazil [27]. To
obtain the data for this study, patients provided
informed consent for the review of their medical
records. This study was reported following the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement
(Supplementary Table S1) [28]. The inclusion
criteria for the participation in this retrospec-
tive study were as follows: (a) patients who
have previously participated in the “Prospective
observational follow-up study to evaluate the effec-
tiveness and effects on quality of life of intradiscal
infiltrations of PRGF-Endoret in the treatment of
disc degeneration” with code BTIIMD_02_EP/20/
DISC [22], (b) patients who have completed the
follow-up (6 months) of such study, (c) patients
who have signed the informed consent for the
present study, and (d) patients who have filled
out at least one evaluation scale after the com-
pletion of the follow-up of that prospective
study. The exclusion criterion was the absence
of data on the variables to be studied.

The inclusion and exclusion criteria for par-
ticipation in the prospective study have been
previously reported [22]. Inclusion criteria: (a)
patients over 18 years of age, (b) patients diag-
nosed with intervertebral disc degeneration by
magnetic resonance imaging (MRI), (¢) patients
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with positive visible MRI signs, including rup-
ture of the annulus fibrosus, annular fissure,
with or without disc herniation in its protru-
sive form, (d) symptoms of 3 months of evo-
lution that has not responded to conventional
pharmacological treatment, (e) numerical pain
scale (NRS) between 6 and 10, average of the last
month, (f) a complete blood test carried out in
the last 2 months, (g) informed consent form
signature, and (h) agreement in the informed
consent to be available for post-treatment fol-
low-up for 6 months. Exclusion criteria: (a) pres-
ence of lumbar fracture, extruded disc hernia-
tions and herniations with signs of calcification,
(b) patients who have previously undergone spi-
nal surgery or lumbar rhizolysis within the last
8 months, (c) patients with severe cardiovascular
diseases, central nervous system diseases, epi-
lepsy, coagulopathies, immunological diseases,
infectious diseases (e.g., hepatitis, HIV, syphilis)
and cancer, (d) patients with a history of drug
use (e.g., alcoholism or other) and mental ill-
ness or marked psychological conditions related
to pain, (e) morbidly obese patients, (f) women
who are pregnant or breastfeeding or women of
childbearing age who are not taking contracep-
tive measures, and (g) pathologies that produce
marked alterations in the efficacy of PRGF or
coagulation, such as poorly controlled diabe-
tes mellitus (glycosylated hemoglobin greater
than 9%), hematological alterations (throm-
bopathy, thrombopenia, anemia with Hb<9),
being subjected to immunosuppressive and/or
di-coumarinic treatments, or any treatment with
corticoids during the 6 months prior to inclu-
sion in the study.

Preparation and Characterization of PRGF

The details about the preparation and characteri-
zation of PRGF were previously reported [22]. In
brief, peripheral venous blood was collected in
eight 9-ml tubes containing 400 pl of sodium
citrate (3.8% w/vol) as an anticoagulant (EDK2_
ENV kit, BTI Biotechnology Institute, S.L., Vito-
ria, Spain) and centrifuged for 8 min at 580 g
(Endoret System V). Next, the upper plasma vol-
ume was discarded (Fraction F1), and the 2 ml

plasma fraction located just above the buffy coat
(Fraction F2) was collected without the inclusion
of leukocytes or erythrocytes. Finally, PRGF was
activated just prior to infiltration through the
addition of 20 pl calcium chloride (10% w/vol)
per milliliter of PRGFE. PRGF was characterized by
hematological analysis (complete blood count
with five-part differential) (Pentra ES 60, Horiba
ABX SAS, Montpelier, France) of both peripheral
blood and non-activated liquid PRGF (F1 and
F2) [22].

PRGF Infiltration Technique

The complete infiltration protocol was described
by Anitua et al. in 2023 [22]. First, the patients
were sedated, and antibiotic prophylaxis was
administered. Briefly, PRGF infiltrations were
conducted under fluoroscopic guidance with the
patient positioned prone for the lumbar region
and supine for the cervical area. Once placed
the tip of the spinal needle in the depth of the
nucleus pulposus, 3 ml of freshly activated PRGF
(fraction F2) were injected into each degener-
ated disc without the use of any type of contrast
agent. This procedure was performed on up to
three levels. Following this, fluoroscopic lateral
imaging was used to guide the epidural infiltra-
tion of 2 ml of freshly activated PRGF (fraction
F2). After treatment, the patient was kept in the
recovery room for 1-2 h. Later, analgesics were
prescribed depending on the clinical evolution.
Each patient received a series of 2-3 biweekly
infiltrations depending on the patient’s clinical
status [22].

Follow-Up and Outcome Measures

The efficacy of the treatment was evaluated
using validated patient-reported outcomes
(PRO): the Spine Tango Core Outcome Meas-
ure Index (COMI) questionnaire, the Numeric
Rating Scale (NRS) for back pain (COMI Pain
score), and the OSWESTRY Disability Index
questionnaire only for lumbar patients (Sup-
plementary Tables S2 and S3). In the prospec-
tive study, patients completed the question-
naires at several pre-determined follow-up
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intervals: before treatment, and then at 1, 3,
and 6 months post-treatment. In the present
retrospective study, an analysis of the patients’
medical records was conducted to collect addi-
tional long-term data. According to the crite-
ria published by Oder et al. in 2008 [29], pain
reduction on the NRS scale was classified as
excellent (score 0-3), moderate (3.1-6.5), and
ineffective (6.6-10). Additionally, the number
of patients who demonstrated the minimal
clinically important change (MCIC) for the
PROs was also calculated [30-32]. Further-
more, we also intended to evaluate whether
the patients received any other infiltration of
PRGF or other type of treatment during this
additional follow-up period.

Sample Size and Statistical Analysis

The number of patients included in this study
was the number of patients who completed
the follow-up of the prospective study BTI-
IMD_02_EP/20/DISC who gave their informed
consent and met the inclusion and exclusion
criteria. Specifically, 32 patients completed the
follow-up of that study [22], so this would be
the maximum number of patients included in
the present retrospective study. In addition,
we conducted a post hoc power analysis using
the obtained sample and effect size, and a
p value of 0.05.

Descriptive data were presented as fre-
quencies and percentages. The results of the
outcome measures were reported as median
and interquartile ranges. All data values were
subjected to a normality test using the Shap-
iro-Wilk test. The Friedman test with Dunn’s
multiple comparisons test was applied to
assess changes in outcome measures between
pre- and post-treatment. Analysis of categori-
cal data (classification of treatment success)
was carried out with the chi-square test. Statis-
tical significance between groups was accepted
for p values lower than 0.05. Statistical analy-
ses were performed with SPSS software (version
23; IBM, Chicago, IL, USA).

RESULTS
Characteristics of Patients and PRGF

The 6-month follow-up of the prospective study
(BTIIMD_02_EP/20/DISC) was completed by 32
patients. The present retrospective study aimed
to obtain data from these patients. We were able
to secure data from 27 of the 32 patients (84.3%),
as no additional information was available from
five patients (Table 1).

Thus, the study participants were 40.7% female,
with a mean age at baseline of 54.9+10.1 years
and a mean body mass index of 25.2+3.1. The
median duration of pain evolution prior to treat-
ment was 4 months, while the median patient
follow-up was 24 months after the treatment.
Regarding the etiology of the pain (questions 2a
and 2a of the COMI questionnaire), 18 patients
(66.7%) exhibited pain predominantly of a back
origin, 6 patients (22.2%) demonstrated pain of
a radicular nature, and three patients (11.1%)
exhibited a combination of both. A total of 52
intervertebral discs were infiltrated in the 27
patients, the majority of these procedures being
conducted at the lumbar region (92.6%). The
most prevalent radiological finding on MRI was
Pfirrmann [33] grade III (42.3%), followed by
grade V (26.9%). Most patients (66.7%) received
two series of infiltrations, while 33.3% received
three. Regarding the number of infiltrated levels,
55.6% of patients underwent treatment on two
levels, 25.9% on one level, and only 18.5% were
treated on three levels. When considering specific
levels, the highest proportion of infiltrations were
conducted at the lower lumbar region, specifically
at the L5-S1 (40.4%) and L4-L5 (38.5%) levels
(Table 1).

The characteristics of the PRGF infiltrated in
the 27 patients were as follows: 463+134 (x 103/
ul) platelets, 0.01+0.01 (x 10°/ul) erythrocytes,
and 0.27+0.19 (x 103/ul) leukocytes. The mean
increase of platelets in PRGF over the peripheral
blood value was 2.2+0.4.
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Table 1 Baseline and demographic characteristics of the
patients included in the retrospective study

Patients () 27
Gender

Female (n, %) 11 (40.7%)

Male (1, %) 16 (59.3%)
Age (years, mean £ SD) 54.4+10.1
Height (cm, mean + SD) 171.0£7.0
Weight (kg, mean + SD) 73.9+12.0
Body mass index (kg/m? mean + SD) 252+3.1
Pain evolution period (months, median 4(3-6]

[IQR])
Follow-up period (months, median [IQR]) 24 [22-28]
Sector of the column

Lumbar (patients, 7, %) 25 (92.6%)

Cervical (patients, 7, %) 2 (7.4%)
Intervertebral discs (%) 52
MRI Pfirrmann grade
11 (discs, 7, %) 7 (13.5%)
111 (discs, 7, %) 22 (42.3%)
IV (discs, 7, %) 9(17.3%)
V (discs, 7, %) 14 (26.9%)
Series of infiltration
Two series (7, %) 18 (66.7%)
Three series (7, %) 9(33.3%)
Multiple levels injected
One level (7, %) 7 (25.9%)
Two levels (7, %) 15 (55.6%)
Three levels (, %) 5 (18.5%)
Levels infiltrated
C5-C6 (n, %) 2 (3.8%)
C6-C7 (n, %) 1(1.9%)
L2-L3 (1, %) 2 (3.8%)
L3-L4 (n, %) 6 (11.5%)

Table 1 continued

L4-L5 (1, %)
L5-S1 (1, %)

20 (38.5%)
21 (40.4%)

IQR interquartile range, MRI magnetic resonance imaging

Analysis of Clinical Outcomes

The COMI and ODI questionnaires were used
to evaluate the efficacy of PRGF infiltrations.
Overall, the clinical and functional improve-
ments obtained at the 6-month follow-up
in the prospective study were maintained at
24 months, exhibiting statistically significant
results (p<0.001) with respect to baseline (Fig. 1
and Table 2).

NRS pain (COMI pain score) was significantly
reduced after PRGF treatment from 8.0 [6.0-9.0]
to 2.0 [0.0-3.0] at 6 months. This improvement
was maintained at 24 months (2.0 [1.0-3.0])
with a median similar to that at 6 months. As
with pain levels, the COMI disability score dem-
onstrated a statistically significant improvement
at the 6-month follow-up (from 2.5 [1.3-5.0] to
0.0 [0.0-0.0]), which was also maintained at the
24-month assessment (0.0 [0.0-0.0]). The COMI
total score exhibited a similar pattern to that
observed in the previously described analyses,
remaining below 1 point at both the 6- and
24-month time points (0.9 [0.0-2.6] and 0.7
[0.2-1.8], respectively). Finally, the Oswestry
Disability Index (ODI) also demonstrated a sta-
tistically significant reduction at the 6-month
post-treatment follow-up, with a mean score
of 9 [1-16], indicating a notable improvement
from the initial 38 [28-52]. This favorable out-
come was sustained at the 24-month time point,
exhibiting even more pronounced benefits com-
pared with the 6-month findings (4 [0-6]). While
the improvement in the ODI scale values at
24 months did not reach statistical significance
when compared to the 6-month data (p=0.609),
it did achieve a statistically significant improve-
ment when evaluated against the baseline values
(p<0.001) (Table 2). A post hoc power analysis of
the pre- and post-treatment comparison showed
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Fig.1 Clinical outcomes for the patients included in this
retrospective study. COMI Pain Score (NRS), COMI
Disability Score, and COMI total score are shown for all
patients (7 =27) while the Oswestry Disability Index only
for lumbar cases (7 =25). Median values are shown by a
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A\ Adis



682

Pain Ther (2025) 14:675-690

Table 2 Evaluation of outcomes before treatment (baseline) and after 6 and 24 months of follow-up (»=27)

Outcome variable Median [IQR] p value vs. basal p value vs.
6 months

COMI pain score (NRS)

Basal 8.0 [6.0-9.0]

6 months 2.0[0.0-3.0] <0.001

24 months 2.0 [1.0-3.0] <0.001 >0.999
COMI Disability score

Basal 2.5[1.3-5.0]

6 months 0.0 [0.0-0.0] <0.001

24 months 0.0 [0.0-0.0] <0.001 >0.999
COMI total score

Basal 63 [4.8-7.3]

6 months 0.9 [0.0-2.6] <0.001

24 months 0.7[0.2-1.8] <0.001 >0.999
Oswestry Disability Index

Basal 38 [28-52]

6 months 9[1-16] <0.001

24 months 4[0-6] <0.001 0.609

Results are presented as median [IQR]

IOR interquartile range, COMI core outcome measure index, NRS numeric pain rating scale

Statistically significant differences (p < 0.05) according to Friedman’s test with Dunn’s multiple comparison test are shown in
Yy Sig g

bold. Oswestry Disability Index only for patients with low back pain (n=25)

a power of 100% at a significance level of 0.05
given a sample size of 27 patients.

The data obtained are additionally repre-
sented in Fig. 2, with consideration given to
the time series, which illustrates a sustained
reduction in scores at 24 months across the four
scales.

The efficacy of the treatment can be classified
according to the reduction in pain [29]. At the
24-month period, the number of patients with a
pain level lower than 3 (excellent response) was
maintained. Furthermore, the reduction in pain
was considered excellent in 22 out of 27 patients
(81.5%) at both 6 and 24 months after treatment
(Fig. 3). However, between 6 and 24 months of
follow-up, we reduced the number of patients
with moderate treatment success from 18.5 to

7.4%. These three patients (11.1%) who change
category worsened from moderately effective
treatment at 6 months to ineffective treatment
at 24 months after the end of PRGF infiltrations
(Fig. 3). No statistically significant differences
were found between treatment success at 6 and
24 months (p>0.05).

Focusing on the changes in the pain scale
before treatment and at the end of the follow-
up period (median 24 months) (A basal-final),
we observed (Fig. 4) that 24 of the 27 patients
(89%) exhibited positive values in the pain dif-
ference, indicating that their final pain level
was less than their pre-treatment level. Two
patients (7%) showed no change and only
one patient (4%) experienced an increase in
pain relative to the baseline value (red dot
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in Fig. 4). Among the patients who demon-
strated improvement, 22 of them, 81.5% of
the total (green dots in Fig. 3) met the criteria
for a minimally relevant clinical improvement
(MCIC), defined as a minimum of a three-
point improvement on the pain scale (thresh-
old of the dashed black line). Gray dots indi-
cate patients who exhibited no change in pain
status following PRGF infiltration, or showed
improvement, but this improvement did not
exceed the MCIC threshold (black dotted line).
Supplementary Figures S1 to S7 show the strat-
ified data by sex, age, and column sector. No
differences were found according to these vari-
ables because almost all patients had a positive
outcome and stratification reduced the N.

Regarding the MCIC values obtained for all
the parameters analyzed, it was observed that
the reduction of pain greater than 30% (MCIC)
was achieved by a similar number of patients
at 6 and 24 months, 24 (89%) and 22 (82%)
patients, respectively. In the COMI score the
data were also in this same line, as there was
no difference between MCIC (=2.2 points) at
6 and 24 months, achieved by 24 of the 27
patients (89%). Similarly, the percentage of
patients achieving MCIC on the Oswestry scale
was exactly the same at 6 and 24 months, 23
of the 27 patients (92%) obtained differences
of at least 10 points on this scale. The results
were found to be statistically non-significant
(p>0.05).

Additionally, data were collected on other
treatments that the patients may have undezr-
gone. No invasive procedures, such as surgery,
were conducted on any of the patients for the
treatment of back pain. No corticosteroids or
anesthetics were infiltrated. However, it was
noted that ten out of the 27 patients (37%)
received additional PRGF treatment. Among
these, nine patients received one additional
PRGF booster infiltration, while one patient
received two. Furthermore, six out of the
27 patients (22%) were engaged in regular
physiotherapy.

DISCUSSION

In previous studies, the intradiscal and epidural
infiltration of PRGF has been demonstrated to
markedly diminish chronic back pain and physi-
cal disability for a minimum of 6 months [19,
22]. The current study lends support to the find-
ings obtained in the previous prospective study
[22], providing additional data on the long-term
effects since the improvement in these param-
eters was maintained in the majority of patients
(85.2%) over a median follow-up period of 24
months. Thus, the COMI Pain score remains at
the same median and the COMI Disability score
exhibits consistent results, indicating a non-dis-
ability status with a value of O in both follow-up
periods of 6 and 24 months. The COMI total
score showed a change from a median of 0.9
at the 6-month follow-up to a median of 0.7
at 24 months. Nevertheless, the Oswestry Dis-
ability Index revealed a reduction of five points
between the 6- and 24-month periods, which is
considered a significant improvement, but it did
not achieve the MCIC of 10 points deemed clini-
cally meaningful for this assessment scale [32].
There are a few studies that have evaluated
the long-term effectiveness of PRP, but those that
have done so have obtained results that are con-
sistent with our findings. Thus, Akeda et al. [34]
conducted a follow-up study of 11 patients who
had previously received PRP treatment for low
back pain of discogenic origin. Their findings
indicated that the clinically significant improve-
ment in treatment outcomes was sustained in
91% of patients for an average of 5.9 years of
follow-up. In another prospective cohort study,
Cheng et al. [35] examined the long-term out-
comes of 19 patients who had previously under-
gone intradiscal infiltration with 3-4 ml of PRP
at 2-3 lumbar levels. The mean follow-up period
was 6.6 years, during which time a clinically sig-
nificant reduction in pain and an improvement
in function was also maintained. A review of
studies with a follow-up period similar to ours
identified the studies by Monfett et al. [36] and
Williams et al. [37], which also observed the
long-term maintenance of pain reduction and
improved function at 2 years of follow-up. In the
first of the aforementioned studies, a clinically
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«Fig. 2 Representation of the results of the questionnaires
as a time series, before treatment (time 0), and at 6 and
24 months after the end of treatment. The mean + standard
deviation is plotted for each point

meaningful and sustained improvement was
observed 2 years of post-PRP injection in 21
patients with low back pain, for worst pain NRS,
function as assessed by the Functional Rating
Index (FRI), and pain and function as evaluated
by SF-36 [36]. The second study examined a
cohort of patients whose neck pain was treated
with heterogeneous blood derivatives based on
an infiltration of the whole functional spinal
unit (FSU) [37]. As observed in previous studies,
they also demonstrated sustained pain reduction
and improved function. However, in contrast to
our study, Williams et al. reported two moder-
ate adverse reactions among the 14 patients of
the study [37]. In a recent study, Barbieri and
colleagues [38] evaluated the efficacy of PRGF
in a cohort of 32 patients with back pain due

100% 1

to multiple causes. However, in contrast to our
study, they observed clinical improvement in a
smaller subset of patients (27%). This discrep-
ancy may be attributed to variations in the
inclusion and exclusion criteria. In our study,
all patients exhibited disc degeneration as deter-
mined by magnetic resonance imaging (MRI).
In contrast, the Barbieri study population was
more heterogeneous, comprising individuals
with pain attributed to degenerative disc dis-
ease, facet joint arthrosis, sacroiliac pain, central
canal narrowing, or foraminal stenosis. It is pos-
sible that other factors, such as the number of
infiltrations and the volume of PRGF infiltrated
in each structure, may have also contributed to
this difference.

Nowadays, the maintenance of functional-
ity and the reduction of back pain throughout
a person’s lifetime represents a significant chal-
lenge. It has been observed that the majority of
episodes of back pain are of short duration; how-
ever, recurrent episodes can become frequent.

90% A 18.5%

11.1%

7.4%

80% A

70% A

60% A

50% A

Patients (%)

40% A

30% 1

20% A

10% A

0% -

6 months
mexcellent (0-3)

Fig.3 Representation of treatment response in terms of
pain reduction during follow-up. This reduction was classi-
fied as excellent (score 0-3 on the NRS pain scale), moder-

O moderate (3.1-6.5)

24 months
Dineffective (6.6-10)

ate (NRS 3.1-6.5) and ineffective (NRS 6.6-10). The pro-
portion of patients falling into each category is indicated
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Fig.4 Graph illustrating the improvement in pain scale
scores over time for the 27 patients included in the study
COMI Pain Score Difference (A basal- final). Each patient
is represented by a single data point. Twenty-two patients
exhibited an improvement in their condition as a result of
the treatment, exceeding the minimal clinically important

change (MCIC) threshold for pain (demonstrated by green

The concept of back pain as a long-term
condition with a variable course is now widely
accepted as a more accurate understanding of
this condition than the previous notion of unre-
lated episodes [4]. It is thus essential to include
minimally invasive treatments such as PRGF in
the therapeutic arsenal to address this unmet
medical need and, consequently, to reduce the
recurrence of back pain throughout the patient’s
lifespan. The responder rate in our study was
85.2%, as four of the 27 patients (14.8%) failed
to achieve the minimum clinically significant
difference in pain at the 24-month follow-up.
This percentage is noteworthy in light of a
review of the literature indicating that approxi-
mately 33-69% of individuals with back pain
report a recurrence within 1 year after recov-
ering from a previous episode [26, 39]. In any
case, back pain is a complex and multifacto-
rial condition that requires a multidisciplinary
approach to treatment with the initial focus
being the elimination of factors that contrib-
ute to its development. This may include the

dots above the dashed black line). The grey dots represent
patients who showed improvement but did not reach the
MCIC threshold (dashed black line), or who remained at
the same level as at the beginning of treatment (dashed red
line). One patient (red dot) evidenced a worsening of their
condition in comparison to their baseline situation, with a

value below the red dashed line

modification of lifestyle habits that contribute
to the condition, such as maintaining uncom-
fortable postures, excessive loads, or prolonged
periods of sitting [39]. In addition to lifestyle
factors, it is important to consider the role of
psychological and social factors, comorbidities,
and other pain-processing mechanisms in the
development of this pathology [4, 6, 40, 41].
One of the primary causes of back pain is the
degeneration of the intervertebral discs and asso-
ciated tissues, which is a common process that
occurs with age or following an injury [42, 43].
The underlying molecular mechanism by which
PRP exerts an analgesic effect in pathologies
of the musculoskeletal system remains poorly
understood. A growing body of evidence sug-
gests that there is a dual behavior in the imme-
diate and sustained release of multiple growth
factors with neuroimmunomodulatory effects,
including TGF-B, HGE and IGF-1 [13, 44]. These
growth factors and other plasma and platelet
pool growth factors and other biomolecules are
conveyed into the pathological tissue by another
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component of the PRGF, namely the fibrin,
which acts as an autologous biomimetic scaffold
[13, 14]. Additional mechanisms contributing to
the efficacy of PRP may include the inhibition
of the NF-KB signaling pathway, blockade of IL-1
receptors, polarization of macrophages towards
trophic M2, increasing the expression of mol-
ecules involved in disc homeostasis, such as the
semaphorin Sema3A, and activation of endo-
cannabinoid-mediated pathways, as previously
described [45-49]. However, it should be noted
that not all PRP formulations have demonstrated
the same results, due likely to the different com-
position of leukocytes, erythrocytes and platelets
in PRP. One of the main areas of controversy
is the inclusion of leukocytes in PRP, as several
studies have demonstrated that leukocytes can
have a detrimental effect on the intervertebral
disc [46, 50, 51]. PRGF is a formulation with
a moderate concentration of platelets and an
almost total absence of leukocytes [24]. The cod-
ing data, according to the Consensus Expert’s
classification and coding demonstrated that in
all cases the second and third digits of the code
of the PRGF of the patients were 00, indicative
of the absence of erythrocytes and leukocytes,
respectively [52, 53].

However, this study is not without limita-
tions. The first limitation is intrinsic to the
nature of the study design, which is a retrospec-
tive observational study in which follow-up
was not conducted at a fixed point in time. Our
follow-up had a mean of 24 months with an IQR
between 22 and 28. The second limitation to be
considered is the absence of images that seek
to correlate the observed clinical improvement
with the potential structural changes that may
have occurred within the intervertebral disc. A
third limitation is the low number of patients
with cervical pain, as observed in the previous
prospective study. Finally, a fourth limitation is
the absence of a control or sham group.

CONCLUSIONS

The results of this retrospective study dem-
onstrate that treatment of chronic back pain
with PRGF was effective in maintaining pain

reduction and improving function for at least
24 months after treatment. The high response
rate of more than 85% of patients encourages
further randomized clinical trials to confirm
these findings.

ACKNOWLEDGEMENTS
We thank the participants of the study

Author Contributions. All authors con-
tributed to the study’s conception and design.
Material preparation, data collection and analy-
sis were performed by Eduardo Anitua, Isidro
Milani, Alex Martinez, Freddy Cabello, Roberto
Prado, Sabino Padilla, and Luis Sanado. The first
draft of the manuscript was written by Roberto
Prado, and all authors commented on previous
versions of the manuscript. All authors read
and approved the final manuscript. All named
authors meet the International Committee
of Medical Journal Editors (ICMJE) criteria for
authorship for this article, take responsibility
for the integrity of the work as a whole, and
have given their approval for this version to be
published.

Funding. No funding or sponsorship was
received for this study or publication of this
article. The Rapid Service Fee was funded by the
authors.

Data Availability. The datasets generated
during and/or analyzed during the current study
are available from the corresponding author on
reasonable request.

Declarations

Conflict of Interest. The authors declare
that Eduardo Anitua is the Scientific Director
of, and Sabino Padilla and Roberto Prado are
scientists at the BTI—Biotechnology Institute I
MAS D, a biomedical company that investigates
the fields of re-generative medicine and PRGF-
Endoret technology. Isidro Milani has noth-
ing to disclose. Alex Martinez has nothing to

A\ Adis



688

Pain Ther (2025) 14:675-690

disclose. Freddy Cabello has nothing to disclose.
Luis Sanado has nothing to disclose.

Ethical Approval. The study was conducted
in accordance with the Declaration of Helsinki
and approved by the Ethics Committee of CEIm-
E (protocol code BTIIMD-01-ER-24-DISC2).
Informed consent was obtained from all subjects
involved in the study.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the
original author(s) and the source, provide a link
to the Creative Commons licence, and indicate
if changes were made. The images or other third
party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea-
tive Commons licence and your intended use is
not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc/4.0/.

REFERENCES

1. Hurwitz EL, Randhawa K, Yu H, C6té P, Haldeman
S. The global spine care initiative: a summary of
the global burden of low back and neck pain stud-
ies. Eur Spine J. 2018;27(Suppl 6):796-801.

2. Fatoye F, Gebrye T, Mbada CE, Useh U. Clinical
and economic burden of low back pain in low- and
middle-income countries: a systematic review. BMJ
Open. 2023;13(4): e064119.

3. Shim GY, Choi J, Kim HJ, Kwon R, Kim MS, Yoo
MC, et al. Global, regional, and national burden
of spine pain, 1990-2019: a systematic analysis of
the global burden of disease study 2019. Arch Phys
Med Rehabil. 2024;105(3):461-9.

4. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q,
Ferreira ML, Genevay S, et al. What low back pain
is and why we need to pay attention. Lancet.
2018;391(10137):2356-67.

10.

11.

12.

13.

14.

15.

16.

Mohd Isa IL, Teoh SL, Mohd Nor NH, Mokhtar SA.
Discogenic low back pain: anatomy, pathophysiol-
ogy and treatments of intervertebral disc degen-
eration. Int ] Mol Sci. 2023;24(1):208.

Knezevic NN, Candido KD, Vlaeyen JWS, Van
Zundert J, Cohen SP. Low back pain. Lancet.
2021;398(10294):78-92.

Norwood SM, Han D, Gupta A. H-wave((R)) device
stimulation for chronic low back pain: a patient-
reported outcome measures (PROMs) study. Pain
Ther. 2024;13(1):113-26.

Wang F, Cheung CW, Wong SSC. Regenera-
tive medicine for the treatment of chronic low
back pain: a narrative review. J Int Med Res.
2023;51(2):3000605231155777.

Tuakli-Wosornu YA, Terry A, Boachie-Adjei K,
Harrison JR, Gribbin CK, LaSalle EE, et al. Lumbar
intradiskal platelet-rich plasma (PRP) injections: a
prospective, double-blind, randomized controlled
study. PM R. 2016;8(1):1-10 (quiz 10).

Akeda K, Ohishi K, Takegami N, Sudo T, Yamada
J, Fujiwara T, et al. Platelet-rich plasma releasate
versus corticosteroid for the treatment of disco-
genic low back pain: a double-blind randomized
controlled trial. J Clin Med. 2022;11(2):304.

Schepers MO, Groot D, Kleinjan EM, Pol MM,
Mylenbusch H, Klopper-Kes AH]J. Effectiveness of
intradiscal platelet-rich plasma for discogenic low
back pain without Modic changes: a randomized
controlled trial. Interv Pain Med. 2022;1(1):
100011.

Navani A, Ambach M, Calodney A, Rosenthal R, Li
G, Mahoney CB, et al. The safety and effectiveness
of orthobiologic injections for discogenic chronic
low back pain: a multicenter prospective, crosso-
ver, randomized controlled trial with 12 months
follow-up. Pain Physician. 2024;27(1):E65-77.

Anitua E, Padilla S. Biologic therapies to
enhance intervertebral disc repair. Regen Med.
2018;13(1):55-72.

Anitua E, Nurden P, Prado R, Nurden AT, Padilla
S. Autologous fibrin scaffolds: when platelet- and
plasma-derived biomolecules meet fibrin. Bioma-
terials. 2019;192:440-60.

Anitua E. Plasma rich in growth factors: prelimi-
nary results of use in the preparation of future
sites for implants. Int J Oral Maxillofac Implants.
1999;14(4):529-35.

Padilla S, Sanchez M, Orive G, Anitua E. Human-
based biological and biomimetic autologous

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Pain Ther (2025) 14:675-690

689

17.

18.

19.

20.

21.

22.

23.

24.

25.

therapies for musculoskeletal tissue regeneration.
Trends Biotechnol. 2017;35(3):192-202.

Vaquerizo V, Garcia-Lopez M, Mena-Roson A,
Prado R, Padilla S, Anitua E. Plasma rich in growth
factors (PRGF) versus corticosteroid injections for
management of chronic rotator cuff tendinopathy:
a prospective double-blind randomized controlled
trial with 1-year of follow-up. J Shoulder Elbow
Surg. 2023;32(3):555-64.

Rios Luna A, Fahandezh-Saddi Diaz H, Villanueva
Martinez M, Iglesias R, Prado R, Padilla S, et al.
Office-based intraosseous infiltrations of PRGF as
an effective treatment for knee osteoarthritis: a
retrospective observational clinical study. J Clin
Med. 2023;12(13):4512.

Kirchner F, Anitua E. Intradiscal and intra-articu-
lar facet infiltrations with plasma rich in growth
factors reduce pain in patients with chronic
low back pain. J Craniovertebr Junction Spine.
2016;7(4):250-6.

Kirchner F, Pinar A, Milani I, Prado R, Padilla S,
Anitua E. Vertebral intraosseous plasma rich in
growth factor (PRGF-Endoret) infiltrations as a
novel strategy for the treatment of degenerative
lesions of endplate in lumbar pathology: descrip-
tion of technique and case presentation. J] Orthop
Surg Res. 2020;15(1):72.

Kirchner F, Milani I, Martinez A, Kirchner-Bossi
N, Prado R, Padilla S, et al. Plasma rich in growth
factors (PRGF) in the treatment of cervical and
lumbar back pain: a retrospective observational
clinical study. Pain Physician. 2021;24(5):E649-60.

Anitua E, Milani I, Martinez A, Cabello F, Prado
R, Padilla S, et al. Plasma rich in growth fac-
tors (PRGF) in the treatment of patients with
chronic cervical and lumbar pain: a prospective
observational clinical Study. Pain Physician.
2023;26(6):E725-36.

Gupta A, Maffulli N. Autologous peripheral blood-
derived orthobiologics for the management of
shoulder disorders: a review of current clinical evi-
dence. Pain Ther. 2024. https://doi.org/10.1007/
$40122-024-00684-5.

Anitua E, Prado R, Nurden AT, Nurden P. Charac-
terization of Plasma rich in growth factors (PRGF):
components and formulations. In: Anitua E, Cugat
R, Sanchez M, editors. Platelet-rich plasma in
orthopaedics and sports medicine. Cham: Springer
International Publishing; 2018. p. 29-45.

Dunn KM, Hestbaek L, Cassidy JD. Low back pain
across the life course. Best Pract Res Clin Rheuma-
tol. 2013;27(5):591-600.

26.

27.

28.

29.

30.

31.

32.

33.

34.

33.

36.

da Silva T, Mills K, Brown BT, Pocovi N, de Campos
T, Maher C, et al. Recurrence of low back pain is
common: a prospective inception cohort study. J
Physiother. 2019;65(3):159-635.

Association WM. World Medical Association Dec-
laration of Helsinki: ethical principles for medi-
cal research involving human subjects. JAMA.
2013;310(20):2191-4.

von Elm E, Altman DG, Egger M, Pocock §J,
Gotzsche PC, Vandenbroucke JP, et al. The
strengthening the reporting of observational stud-
ies in epidemiology (STROBE) statement: guide-
lines for reporting observational studies. Lancet.
2007;370(9596):1453-7.

Oder B, Loewe M, Reisegger M, Lang W, Ilias
W, Thurnher SA. CT-guided ozone/steroid ther-
apy for the treatment of degenerative spinal
disease—effect of age, gender, disc pathology
and multi-segmental changes. Neuroradiology.
2008;50(9):777-85.

Ostelo RW, Deyo RA, Stratford P, Waddell G, Croft
P, Von Korff M, et al. Interpreting change scores
for pain and functional status in low back pain:
towards international consensus regarding mini-
mal important change. Spine (Phila Pa 1976).
2008;33(1):90-4.

Mannion AF, Porchet F, Kleinstuck FS, Lattig F,
Jeszenszky D, Bartanusz V, et al. The quality of
spine surgery from the patient’s perspective: part
2. Minimal clinically important difference for
improvement and deterioration as measured with
the Core Outcome Measures Index. Eur Spine J.
2009;18 Suppl 3(3):374-9.

Ostelo RW, de Vet HC. Clinically important out-
comes in low back pain. Best Pract Res Clin Rheu-
matol. 2005;19(4):593-607.

Pfirrmann CW, Metzdorf A, Zanetti M, Hodler ],
Boos N. Magnetic resonance classification of lum-
bar intervertebral disc degeneration. Spine (Phila
Pa 1976). 2001;26(17):1873-8.

Akeda K, Takegami N, Yamada J, Fujiwara T, Ohi-
shi K, Tamaru S, et al. Platelet-rich plasma-rele-
asate (PRPr) for the treatment of discogenic low
back pain patients: long-term follow-up survey.
Medicina. 2022;58(3):428.

Cheng J, Santiago KA, Nguyen JT, Solomon JL,
Lutz GE. Treatment of symptomatic degenera-
tive intervertebral discs with autologous platelet-
rich plasma: follow-up at 5-9 years. Regen Med.
2019;14(9):831-40.

Monfett M, Harrison J, Boachie-Adjei K, Lutz G.
Intradiscal platelet-rich plasma (PRP) injections for

A\ Adis


https://doi.org/10.1007/s40122-024-00684-5
https://doi.org/10.1007/s40122-024-00684-5

690

Pain Ther (2025) 14:675-690

37.

38.

39.

40.

41.

42.

43.

44.

45.

discogenic low back pain: an update. Int Orthop.
2016;40(6):1321-8.

Williams C, Jerome M, Fausel C, Dodson E, Stem-
per I, Centeno C. Regenerative injection treat-
ments utilizing platelet products and prolotherapy
for cervical spine pain: a functional spinal unit
approach. Cureus. 2021;13(10): e18608.

Barbieri M, Colombini A, Stogicza A, de Girolamo
L. Effectiveness of plasma rich in growth fac-
tors in the management of chronic spinal
pain: a case series of 32 patients. Regen Med.
2022;17(3):175-84.

da Silva T, Mills K, Brown BT, Herbert RD, Maher
CG, Hancock M]J. Risk of recurrence of low back
pain: a systematic review. J] Orthop Sports Phys
Ther. 2017;47(5):305-13.

The LR. The global epidemic of low back pain. Lan-
cet Rheumatol. 2023;5(6): e305.

Diez GG, Anitua E, Castellanos N, Vazquez C,
Galindo-Villardon P, Alkhraisat MH. The effect of
mindfulness on the inflammatory, psychological
and biomechanical domains of adult patients with
low back pain: a randomized controlled clinical
trial. PLoS ONE. 2022;17(11): e0276734.

Ashinsky BG, Bonnevie ED, Mandalapu SA,
Pickup S, Wang C, Han L, et al. Intervertebral disc
degeneration is associated with aberrant endplate
remodeling and reduced small molecule transport.
J Bone Miner Res. 2020;35(8):1572-81.

Risbud MV, Shapiro IM. Role of cytokines in
intervertebral disc degeneration: pain and disc
content. Nat Rev Rheumatol. 2014;10(1):44-56.

Buchheit T. Platelet-rich plasma and autologous
conditioned serum: non-cellular biologic therapies
for neuroimmune modulation and the treatment
of arthritis pain. In: Ji R-R, Cheng ], Ji ], editors.
Neuroimmune interactions in pain: mechanisms
and therapeutics. Cham: Springer International
Publishing; 2023. p. 287-303.

Romaldini A, Ulivi V, Nardini M, Mastrogiacomo
M, Cancedda R, Descalzi F. Platelet lysate inhibits

46.

47.

48.

49.

50.

S1.

52.

53.

NF-xB activation and induces proliferation and
an alert state in quiescent human umbilical vein
endothelial cells retaining their differentiation
capability. Cells. 2019;8(4):331.

Huang J, Lian SL, Han JH, Lu ZC, Ding Y. Pure
platelet-rich plasma promotes semaphorin-3A
expression: a novel insight to ameliorate interver-
tebral disk degeneration in vitro. J] Orthop Surg
Res. 2023;18(1):789.

Zhang GZ, Liu MQ, Chen HW, Wu ZL, Gao YC, Ma
Z], et al. NF-xB signalling pathways in nucleus pul-
posus cell function and intervertebral disc degen-
eration. Cell Prolif. 2021;54(7): e13057.

Descalzi F, Ulivi V, Cancedda R, Piscitelli F, Luongo
L, Guida F, et al. Platelet-rich plasma exerts antin-
ociceptive activity by a peripheral endocannab-
inoid-related mechanism. Tissue Eng Part A.
2013;19(19-20):2120-9.

Burt KG, Kim MKM, Viola DC, Abraham AC, Cha-
hine NO. Nuclear factor kappaB overactivation
in the intervertebral disc leads to macrophage
recruitment and severe disc degeneration. Sci Adv.
2024;10(23):eadj3194.

Jia ], Wang SZ, Ma LY, Yu JB, Guo YD, Wang C. The
differential effects of leukocyte-containing and
pure platelet-rich plasma on nucleus pulposus-
derived mesenchymal stem cells: implications for
the clinical treatment of intervertebral disc degen-
eration. Stem Cells Int. 2018;2018:7162084.

Wang SZ, Fan WM, Jia J, Ma LY, Yu JB, Wang C. Is
exclusion of leukocytes from platelet-rich plasma
(PRP) a better choice for early intervertebral disc
regeneration? Stem Cell Res Ther. 2018;9(1):199.

Kon E, Di Matteo B, Delgado D, Cole BJ, Dorotei A,
Dragoo JL, et al. Platelet-rich plasma for the treat-
ment of knee osteoarthritis: an expert opinion and
proposal for a novel classification and coding sys-
tem. Expert Opin Biol Ther. 2020;20(12):1447-60.

Anitua E, Padilla S, Prado R, Alkhraisat MH. Plate-
let-rich plasma: are the obtaining methods, clas-
sification and clinical outcome always connected?
Regen Med. 2022;17(12):887-90.

A\ Adis



	A Long-Term Retrospective Observational Clinical Study Evaluating the Efficacy of Plasma Rich in Growth Factors (PRGF) in the Treatment of Back Pain
	Abstract
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study Design and Patient Population
	Preparation and Characterization of PRGF
	PRGF Infiltration Technique
	Follow-Up and Outcome Measures
	Sample Size and Statistical Analysis

	Results
	Characteristics of Patients and PRGF
	Analysis of Clinical Outcomes

	Discussion
	Conclusions
	Acknowledgements 
	References




