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Abstract

Background: Pulsed radiofrequency (PRF) applied to the dorsal root ganglion (DRG) has
been proposed as an effective neuromodulator treatment for persistent radicular pain.
Autologous conditioned serum (ACS) therapy, derived from the patient’s own blood, offers
a conservative approach. This study aims to evaluate the efficacy of ACS applied to the
DRG as an adjunct in treating lower limb radicular pain (LLRP). Methods: A prospective,
randomized, double-blind, placebo-controlled clinical trial was conducted comparing PRF
combined with ACS versus PRF with physiological saline (PhS) on the DRG. Seventy
patients (35 per group) with radicular pain lasting ≥6 months and refractory to previous
treatments were enrolled. The primary outcome measure was the Numeric Pain Rating
Scale (NPRS); secondary measures included the Oswestry Disability Index (ODI), Mood
Assessment Scale (MOAS), SF-12 quality of life questionnaire, and DN4 neuropathic pain
scale. Assessments occurred at baseline, 1 month, 3 months, 6 months, and 12 months
post-intervention. Results: A total of 70 patients were included. The ACS group showed
a significant reduction in pain compared to controls at 30 days (p < 0.05). Additionally,
neuropathic symptoms such as tingling, numbness, stubbing, and burning decreased
significantly in the ACS group during this period (p < 0.05). While both groups experienced
pain reduction over time, no significant differences persisted at 6 months. No adverse
effects were reported. Conclusions: The addition of ACS to PRF provides a short-term,
statistically significant reduction in radicular pain at 30 days, suggesting it is a safe and
effective adjunct therapy for lower limb radicular pain.

Keywords: lower limb radicular pain; lumbar radicular pain; autologous conditioned
serum; pulsed radiofrequency; dorsal root ganglion

1. Introduction
Lower limb radicular pain (LLRP) is a common and costly cause of disability, signifi-

cantly impairing patients’ daily functioning. It manifests as pain radiating to an extremity
or trunk due to activation of nociceptive fibers originating from spinal nerves, often associ-
ated with lesions in the dorsal root ganglion (DRG) or spinal nerves, leading to ischemia or
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inflammation [1,2]. The annual prevalence ranges from 9.9% to 25%, classifying LLRP as a
prevalent form of neuropathic pain [3,4]. While approximately 70% of patients experience
symptom resolution within 12 weeks, 20–30% develop persistent pain beyond three months,
adversely affecting quality of life and prognosis [5]. Chronic neuropathic pain impacts
multiple aspects of health, transitioning from a symptom to a distinct disease entity [6,7].
Treatment options include pharmacotherapy, physiotherapy, and interventional procedures
such as epidural injections and surgery; however, outcomes are often inconsistent [8–12]. A
deeper understanding of the neurohistological and neurochemical mechanisms underlying
radicular pain is essential for developing effective therapies, with the DRG serving as a key
target for neuromodulation strategies [13]. Glial activation and inflammatory mediators
contribute to sensitization processes, while hyperexcitability in afferent fibers—linked to
alterations in gene expression and ion channel function—leads to spontaneous discharges
characteristic of neuropathic pain [14–16].

Pulsed radiofrequency (PRF) targeting the DRG has emerged as a promising neuro-
modulator intervention for persistent radicular pain [17,18]. Its efficacy is attributed to its
ability to modulate neuronal activity without causing significant tissue damage, making
it minimally invasive, cost-effective, and associated with low complication rates [19–22].
PRF exerts analgesic effects through mechanisms involving thermal energy generation and
electrical fields that alter DRG neuron excitability [23,24]. Evidence suggests that PRF can
produce substantial pain relief with benefits lasting up to one year in some cases [24–27].
However, the evidence for this treatment in patients with LLRP is still low and moderate,
and its efficacy with respect to other treatments such as exercise or corticosteroids is lim-
ited, especially in the long term [28]. Therefore, the association of other treatments that
act synergistically with the mechanisms of action of PRF may be a good choice for the
improvement of this treatment.

In this regard, biological therapies have gained increasing attention. Autologous con-
ditioned serum (ACS) involves incubating the patient’s own blood to produce serum rich
in a large number of biomolecules. These include growth factors and anti-inflammatory
cytokines such as interleukin-1 receptor antagonist (IL-1Ra), anti-inflammatory cytokines
(IL-4, IL-10, and IL-13) [29,30]. The therapeutic potential of this biological product, in addi-
tion to its biosafety, is based on reducing inflammation and promoting tissue repair [31,32].
Administered via multiple injections, ACS has demonstrated efficacy in reducing pain
and improving function and quality of life without significant adverse effects compared to
corticosteroids [33–36].

Bearing all this in mind, the objective of this study is to evaluate the efficacy and safety
of adding ASC application to PRF treatment on neuropathic pain in patients with persistent
LLRP. The hypothesis is based on the fact that addressing both the electromagnetic and
neurochemical pathways that influence DRG not only alleviates symptoms but also reverses
the neuronal dysfunction associated with chronic neuropathic conditions.

2. Materials and Methods
2.1. Study Design

This study is a prospective, double-blind, randomized, placebo-controlled trial aimed
at evaluating the efficacy of PRF combined with ACS administered to the DRG in compari-
son to PRF combined with 0.9% Physiological Saline (PhS) for the reduction in neuropathic
pain and its associated consequences in patients suffering from persistent LLRP.

It was carried out in accordance with the international standard on clinical trials: Real
Decreto 223/2004, Declaration of Helsinki in its latest revised version (Fortaleza, Brazil;
2013), Good Clinical Practice Regulations (International Conference for Harmonization),
and the CONSORT guidelines [37,38]. The study received approval from the Committee on
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Ethics and Drug Research (CEIm) of the hospital group QuironSalud-Catalunya and was
registered with the European Agency for Clinical Trials (EudraCT number: 2021-005124-38)
(18 November 2021). All patients provided written informed consent before entry into the
clinical trial.

2.2. Study Population

The research was conducted at the Pain Unit within the Department of Anesthesiology,
Resuscitation, and Pain Management at Dexeus University Hospital (DUH) in Barcelona
from November 2021 to September 2024. The target population consists of 70 patients aged
over 18 years who are literate and have experienced radicular pain in the lower limb for
more than six months. Symptomatic diagnostic clinical screening criteria will be employed
to confirm LLRP prior to patient enrolment. Inclusion and exclusion criteria are detailed in
Table 1 as well as the RADISAC Protocol [39].

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

1. Patient over 18 years of age, not illiterate.
2. Unilateral, mono and/or bisegmental radicular pain of
a lower extremity of at least 6 months duration.
3. If you have received treatment before, at least 3 months
must have passed since the last therapy received
(infiltration, radiofrequency, or surgery), and the pain
should persist in the same area.
4. Submit Lumbar Magnetic Resonance Imaging (MRI),
Electromyography (EMG) performed concomitantly to
the pain presented by the patient at the time of inclusion
in the study.

1. Refusal of the patient to participate in the study or not
to sign the informed consent.
2. Allergy to intravenous iodinated contrast and/or
local anesthetics.
3. Inability of the patient to maintain the prone position.
4. Systemic or local infection at the puncture site.
5. Present any of the following symptoms: atypical
radiation pattern, bilateral involvement, or involvement
of more than two segments or roots.
6. Concomitant pathological clinical history during the
study/therapy: oncological disease, vertebral fractures,
myelopathy, systemic disease, connective tissue disease,
coagulation disorder, multiple sclerosis, osteomyelitis, or
bone edema.
7. Pregnancy or lactation.
8. Previous treatment with placement of a spinal cord
neurostimulator.
9. Previous treatment with a brain stimulator for the
treatment of epilepsy or Parkinson’s disease.
10. Cardiac pacemaker carrier.
11. Patient who does not attend any of the treatment
sessions for unjustified reasons.

2.3. Preparation of ACS

All patients had 20 mL of whole blood drawn using a special syringe with an increased
inner surface area (Orthogen, Düsseldorf, Germany). Simultaneously, tests were conducted
for human immunodeficiency virus (HIV), syphilis, hepatitis B, and hepatitis C. Medical-
grade glass beads within the special syringes increase the nonpyrogenic surface area. These
glass spheres induce dose-dependent production of IL-1Ra by white blood cells in whole
blood incubated at 37 ◦C. After 6 h of incubation, the blood-filled syringes were centrifuged
at 4000 rpm for 15 min, and the serum supernatant was aliquoted into two 4 mL syringes.
The aliquots were then frozen at −20 ◦C. On the day of injection, the syringes were taken
out of the freezer prior to administration.

In patients of the PhS group, 10 mL of blood was drawn into a blood bag covered with
an opaque wrapper similar to the ACS group to keep the patients blinded.
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2.4. Treatment Administration

Randomization was executed using a simple randomization method based on an
equiprobable algorithm. Both the principal investigator and participants remained blinded
throughout the study.

The intervention protocol was designed to apply PRF therapy to the DRG for 8 min
at 45 V in the affected root for all patients included in the study. Upon completion of PRF
therapy, a 3 mL dose of ACS was administered to the DRG in patients in the treatment
group, whereas patients in the placebo group received a 3 mL dose of 0.9% FSS. Based on
the existing literature regarding ACS therapy, the study protocol also included a second
administration of ACS or saline solution 15 days after the first intervention, following the
same procedural protocol (Figure 1: Flow Diagram)

 

Figure 1. The patient flow diagram of the study. PRF: Pulsed radiofrequency; ACS: Autologous
conditioned serum.

On the day scheduled for infiltration, proper patient positioning and monitoring
according to Pain Unit protocols were essential prior to performing the procedure. A
transforaminal approach to access the DRG was utilized under aseptic conditions and
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fluoroscopic guidance. After verifying impedances (not exceeding 450 ohms), sensory
stimulation was assessed using voltages between 0.3 and 0.6 V, while motor stimulation
required a voltage sufficient to elicit paresthesia—typically no more than double that
required for sensory stimulation. Following confirmation via iodinated contrast injection,
PRF therapy will be administered to the DRG (8 min at 45 V) (Figure 2). Upon completion
of this therapy, participants received their assigned treatment. Patients assigned to the
control group received 3 mL of 0.9% PhS, and those assigned to the experimental group
were administered 3 mL of ACS. Fluoroscopic-guided injections were performed directly
into the DRG.

 

Figure 2. Fluoroscopic image of the procedure. The arrow in the image depicts the localization of
the dorsal root ganglion (DRG) within the foramen, outlined by ionic contrast. The L4, L5, and S1
vertebrae are anatomically marked according to the fluoroscopy image.

2.5. Clinical Outcomes

The primary outcome measure was pain level assessed using the Numeric Pain Rating
Scale (NPRS), which allowed respondents to select a whole number (0–10) reflecting their
pain intensity. A reduction of ≥2 points on this scale is considered clinically significant
relief. This outcome was measured at baseline and again after treatments at 30 days,
3 months, 6 months, and 12 months post-intervention [40–42].

Secondary outcomes include Oswestry Low Back Pain Disability Index (ODI) [42,43];
Mood Assessment Scale (MOAS) or Mood Rating Scale (MRS) [44]; Quality of Life assess-
ment using SF-12 [45,46]; and Douleur Neuropathique en 4 questions (DN4) [47,48]. These
measures were also collected at baseline as well as at one month, three months, six months,
and twelve months following intervention.

The Oswestry Low Back Pain Disability Index (ODI) is a 10-item questionnaire de-
signed to assess functional disability associated with low back pain. Each item is scored
from 0 to 5 and expressed as a percentage (0–100%), with higher scores indicating greater
functional limitation.

The Mood Assessment Scale (MOAS) or Mood Rating Scale (MRS) is a self-report
instrument that evaluates mood status, including domains such as sadness, anxiety, and



J. Clin. Med. 2025, 14, 7771 6 of 16

irritability, as well as their impact on daily functioning. Higher scores reflect greater
affective disturbance and allow monitoring of changes following intervention.

The Short Form-12 (SF-12) is a 12-item questionnaire that yields two summary com-
ponents: the Physical Component Summary (PCS) and the Mental Component Summary
(MCS), both standardized to a mean of 50 (higher scores indicate better outcomes). It
assesses perceived health status and health-related quality of life.

The Douleur Neuropathique en 4 questions (DN4) is a screening tool for neuropathic pain
composed of 10 items, including seven symptom-related and three clinical examination
items. A total score of ≥4 suggests the presence of neuropathic pain, with good sensitivity
and specificity.

At baseline, demographic data regarding patients’ previous failed therapies—including
frequency, duration, type, and compliance—as well as results from MRI and EMG diag-
nostic tests were documented. Analgesic use for LLRP treatment—including frequency,
dosage, and duration—was also recorded. All baseline assessments and follow-up evalua-
tions involved collecting reported outcomes through completion of NPRS, ODI, MOAS,
SF-12, and DN4 questionnaires alongside documentation of narcotic and non-narcotic
analgesic usage.

2.6. Safety Outcomes

All adverse events related to study participation were monitored and reported
comprehensively—including severity assessment—and their relationship to study de-
vices/procedures determined by investigators as either related specifically or classified as
serious adverse events.

Device-related adverse events, along with all serious adverse events occurring through-
out the study period, were documented by the main investigator of the trial.

2.7. Sample Size Calculation

Power analysis was conducted to estimate the minimum sample size needed to achieve
80% power at a 5% level of significance for the primary outcome measures. An effect size of
2 points with a standard deviation (SD) of 2.8 points was assumed. This analysis suggested
that a minimum of 35 patients per group would be required, expecting a dropout rate of 0.1.

2.8. Statistical Analysis

Descriptive statistics were computed for all relevant variables. Means, standard
deviations, and confidence intervals (95%) were calculated for the dependent variables. The
normality of the distribution was assessed using the Kolmogorov test, skewness, kurtosis,
and visual inspection of histograms. No major violation of normality was observed. For
categorical variables, frequencies and percentages were reported. Longitudinal data were
analyzed using a linear mixed-effects model to examine changes in the dependent variable
over time points (30 days, 3 months, and 6 months). Time was included as a fixed effect, and
individual participants were treated as random effects to account for the repeated-measure
structure of the data. The model included group as a fixed between-subject factor, and
the time x group interaction was tested to examine differential changes over time. An
unstructured covariance matrix was used to model within-subject correlations across time
points, allowing for unequal variances and covariances. The model was estimated using
restricted maximum likelihood (REML). Participants’ ages were included as a covariate to
control for individual differences in baseline performance. Incidence rates for complications
were evaluated using chi-square tests. Statistical significance was set at p-value < 0.05
(two-tailed). All analyses were performed using IBM SPSS Statistics (version 25).
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3. Results
3.1. Patient Characteristics

Figure 1 depicts the flow diagram of the patients in the study. A total of 70 patients
were eligible and included in the study. There were 67 patients who completed follow-
ups over the period of 30 days. 63 patients for follow-ups over the period of 3 months
and 53 patients for follow-ups of 6 months. At 12 months, only 42 patients of the initial
70 completed the 12-month follow-up; hence, this time point was not included in the
final analysis.

Table 2 shows patient characteristics according to demographic and clinical variables.
Most patients experienced radicular pain, with 91.2% in the experimental group and 94.4%
in the control group, respectively. There was no statistically significant difference in age and
gender between both groups, kind of pain, affected extremity, consumption of analgesics
or neuromodulators, or even previous treatments (p > 0.05).

Table 2. Patient characteristics according to demographic and clinical variables.

Variables ACS, N (%) 0.9% PhS, N (%) p-Value

Sex
Women 17 (50.0%) 19 (52.8%)

0.816Men 17 (50.0%) 17 (47.2%)

Pain
Lumbar sciatica 2 (8.8%) 2 (5.6%)

0.933Radicular Pain 31 (91.2%) 34 (94.4%)

Affected extremity RLE 14 (41.2%) 15 (41.7%)
0.967LLE 20 (58.8%) 21 (58.3%)

Major Opioid No 32 (94.1%) 35 (97.2%)
0.522Yes 2 (5.9%) 1 (2.8%)

Menor Opioid No 26 (76.5%) 31 (86.1%)
0.300Yes 8 (23.5) 5 (13.9%)

No Opioid No 22 (64.7%) 24 (66.7%)
0.863Yes 12 (35.3%) 12 (33.3%)

Previous treatment
with CS infiltrations

No 0 (0.0%) 2 (5.5%)
0.130Yes 34 (100.0%) 34 (94.5%)

Previous treatment
with PRF

No 24 (70.6%) 29 (80.6%)
0.331Yes 10 (29.4%) 7 (19.4%)

Previous treatment
with surgery

No 27 (79.4%) 29 (80.6%)
0.905Yes 7 (20.6%) 7 (19.4%)

ACS: Autologous Conditioned Serum. PhS: Physiological Saline. RLE: Right Lower Extremity. LLE: Left Lower
Extremity. CS: Corticosteroids. PRF: Pulse Radiofrequency.

3.2. Clinical Evaluation

Table 3 shows the values of both groups across the evaluated periods (baseline, 30 days,
3 months, and 6 months). No statistically significant differences were found in the basal
period to NPRS, DN4, Oswestry scale, and MOAS (p > 0.05). According to the follow-up,
there was a statistically significant improvement in the values of the VAS in both groups
throughout the three time points (p = 0.003). A significant improvement was also observed
in both groups at the end of the 6-month follow-up. It was observed that the improvement
over time in both groups does not reach statistical significance when directly comparing
the two groups (p = 0.194). However, analysis of the initial period (30 days) indicated
a statistically significant difference in the NPRS scores, favoring the experimental group
versus the control group (3.16 ± 2.02 vs. 6.64 ± 2.37, respectively, p < 0.001) (Figure 3).
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Table 3. Values of DN4 across the evaluated.

30 Days p-Value 3 Months p-Value 6 Months p-Value
ACS

N (%)
0.9% PhS

N (%)
ACS

N (%)
0.9% PhS

N (%)
ACS

N (%)
0.9% PhS

N (%)

Burning
0 12 (48.0%) 18 (69.2%)

0.163
14 (51.9%) 17 (48.6%)

0.144
9 (39.1%) 17 (60.7%)

0.3001 11 (44.0%) 5 (19.2%) 8 (29.6%) 7 (20.0%) 7 (30.4%) 5 (17.9%)
2 2 (8.0%) 3 (11.5%) 5 (18.5%) 11 (31.4%) 7 (30.4%) 6 (21.4%)

Painful cold
0 22 (64.7%) 23 (63.9%)

0.829
21 (77.8%) 27 (77.1%)

0.930
18 (78.3%) 21 (75.0%)

0.9111 5 (14.7%) 7 (19.4%) 5 (18.5%) 6 (17.1%) 4 (17.4%) 5 (17.9%)
2 7 (20.6%) 6 (16.7%) 1 (3.7%) 2 (5.7%) 1 (4.3%) 2 (7.1%)

Electric
discharge

0 9 (29.0%) 11 (30.6%)
0.282

8 (29.6%) 9 (25.7%)
0.555

8 (34.8%) 8 (28.6%)
0.8241 13 (41.9%) 9 (25.0%) 11 (40.7%) 11 (31.4%) 10 (43.5%) 12 (42.9%)

2 9 (29.0%) 16 (44.4%) 8 (29.6%) 15 (42.9%) 5 (21.7%) 8 (28.6%)

Tingle
0 6 (19.4%) 7 (19.4%)

0.005 **
5 (18.5%) 7 (20.6%)

0.540
4 (17.4%) 6 (21.4%)

0.9151 17 (54.8%) 7 (19.4%) 8 (29.6%) 6 (17.6%) 8 (34.8%) 10 (35.7%)
2 8 (25.8%) 22 (61.1%) 14 (51.9%) 21 (61.8%) 11 (47.8%) 12 (42.9%)

Pricks
0 7 (22.6%) 14 (38.9%)

0.002 **
5 (18.5%) 11 (31.4%)

0.061
6 (26.1%) 11 (39.3%)

0.6101 18 (58.1%) 6 (16.7%) 12 (44.4%) 6 (17.1%) 5 (21.7%) 5 (17.9%)
2 6 (19.4%) 16 (44.4%) 10 (37.0%) 18 (51.4%) 12 (52.2%) 12 (42.9%)

Numbness
0 9 (29.0%) 3 (8.3%)

<0.001 ***
7 (25.9%) 4 (11.4%)

0.266
8 (34.8%) 5 (17.9%)

0.3851 17 (54.8%) 8 (22.2%) 9 (33.3%) 17 (48.6%) 8 (34.8%) 12 (42.9%)
2 5 (16.1%) 25 (69.4%) 11 (40.7%) 14 (40.0%) 7 (30.4%) 11 (39.3%)

Sting
0 25 (80.6%) 17 (47.2%)

0.002 **
21 (77.8%) 25 (71.4%)

0.792
17 (73.9%) 18 (64.3%)

0.7091 4 (12.9%) 3 (8.3%) 3 (11.1%) 4 (11.4%) 3 (13.0%) 4 (14.3%)
2 2 (6.5%) 16 (44.4%) 3 (11.1%) 6 (17.1%) 3 (13.0%) 6 (21.4%)

Hypoesthesia
to touch

0 7 (22.6%) 7 (19.4%)
0.007 **

4 (14.8%) 10 (28.6%)
0.367

5 (21.7%) 8 (28.6%)
0.7631 17 (54.8%) 8 (22.2%) 13 (48.1%) 12 (34.3%) 13 (56.5%) 13 (46.4%)

2 7 (22.6%) 21 (58.3%) 10 (37.0%) 13 (37.1%) 5 (21.7%) 7 (25.0%)

Hypoesthesia
to pinprick

0 13 (41.9%) 12 (33.3%)
0.394

15 (55.6%) 19 (54.3%)
0.174

14 (60.9%) 16 (57.1%)
0.7021 10 (32.3%) 9 (25.0%) 12 (44.4%) 12 (34.3%) 8 (34.8%) 9 (32.1%)

2 8 (25.8%) 15 (41.7%) 0 (0.0%) 4 (11.4%) 1 (4.3%) 3 (10.7%)

Pain on
rubbing

0 25 (80.6%) 21 (58.3%)
0.110

21 (77.8%) 25 (71.4%)
0.696

19 (82.6%) 21 (75.0%)
0.7861 4 (12.9%) 7 (19.4%) 4 (14.8%) 5 (14.3%) 2 (8.7%) 4 (14.3%)

2 2 (6.5%) 8 (22.2%) 2 (7.4%) 5 (14.3%) 2 (8.7%) 3 (10.7%)

ACS: Autologous Conditioned Serum. PhS: Physiological Saline. 0: without symptoms; 1: improve symptoms;
2: worsens symptoms; ** p < 0.01; *** p < 0.001.

Figure 3. The graph demonstrates a reduction in pain in both groups, with statistical significance
observed during the initial period.
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For the DN4 variable, although pain decreased in both groups, this reduction was
not statistically significant (p-value = 0.292); similarly, no significant difference between
groups over time was found (p-value = 0.066). Regarding the MOAS variables, significant
improvements were noted across all dimensions (depression, anxiety, anger, and happiness)
throughout the study (p-value < 0.05); however, as with previous variables, no significant
differences between groups were observed during follow-up (p-value > 0.05) (Table S1
(Supplementary Material)).

For the Oswestry Disability Index, a significant improvement over time was seen in
both groups. The experimental group experienced a change of approximately 10 points
on the scale from baseline to the end of the 6-month follow-up (from 23.41 ± 10.49
to 14.04 ± 9.46); similarly, the control group showed a comparable reduction (from
21.47 ± 10.49 to 13.64 ± 10.48 points) (p-value < 0.001) (Table S1, Supplementary Material).

Table 3 shows that symptoms such as tingling (54.8%, 0.005), stabbing sensations
(58.1%, p = 0.002), numbness (54.8%, p > 0.001), burning sensation (12.9%, p = 0.002), and
hypoesthesia (54.8%, p = 0.007), exhibited a statistically significant improvement at 30 days
relative to the control group. For the remaining variables, a trend toward improvement is
observed; however, these differences do not reach statistical significance (Table 3, Figure 4).
This improvement stabilized in both groups over the 3- and 6-month periods, with no
statistically significant differences observed between them (p > 0.05).

Figure 4. Graphic of both groups of DN4 symptoms at 30 days: Tingle, Pricks, Numbness, Sting,
Hypoesthesia to touch.

3.3. Safety Evaluation

No complications or adverse effects were reported after the fluoroscopy-guided PRF
on DRG and posterior transforaminal injection of SAC or 0.9% PhS during the 1-year follow-
up period. The CONSORT checklist is included as Supplementary Material accompanying
this manuscript [38].

4. Discussion
The main finding of this study was that the application of repeated ACS injections

together with PRF provides a significant improvement in short-term pain compared to the
application of PRF with saline. Moreover, this study also demonstrated improvements in
pain, functionality, and quality of life in both treatment groups, suggesting that PRF is a
treatment that provides long-term pain relief.
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These results are in agreement with the results of several studies confirming that the
PRF applied to the DRG presents antinociceptive effects in lower limb radiculopathy [20–27].
Unlike work conducted by Park et al., this study also provides Level I evidence that
pulsed radiofrequency on the DRG is an effective and safe treatment for patients with LLR
regarding pain and function [28].

When interpreting the results, several points should be considered; firstly, consid-
ering the ACS group, a statistically significant improvement was observed during the
initial period, indicating that ACS likely has a very good short-term effect comparable,
for example, to corticosteroids [49,50]. However, when considering other reviews or com-
parative studies of platelet-rich plasma (PRP) with Cs—none of which included pulsed
radiofrequency—the current study did not observe a long-term effect demonstrating statis-
tically significant superiority.

A possible explanation for a short-term improvement in pain compared to the control
group could lie in the application protocol, more specifically, in the number of injections.
Becker et al. reported significant pain reduction lasting up to six months with three doses of
ACS [49]. In a study conducted by Godek et al. the authors applied up to six doses of ACS
to the foraminal space, observing significant pain reduction up to three months [51]. Other
work involving 20 patients who received three injections (without a control group) showed
significant improvement up to six months [52]. In contrast, a pilot study by Goni et al.
found improvement only with a single dose of ACS in comparison to methylprednisolone.
After administering ACS versus methylprednisolone at the foraminal level, they observed
equivalent improvements in both groups, with the effect persisting longer in the ACS group.
However, the pathology under study was cervical radiculopathy, which could also affect
the results of these treatments [53]. Thus, the results suggest that adding a third dose of
ACS, or more, might potentially produce statistically significant pain relief at three and six
months, according to previous studies. Additionally, there was a statistically significant
reduction in DN4 symptoms during the first period, which could reflect a neuromodulator
effect of neuropathic pain by ACS, as described in similar effects in other studies [49,54,55].

This has clinical relevance, as current neuropathic pain guidelines do not include
regenerative medicine in the standard treatment options [15]. The treatment of neuropathic
pain with regenerative medicine, including peripheral nerve or dorsal root treatment using
autologous blood derivatives, currently has limited evidence in the existing literature.
Nonetheless, several lines of evidence suggest that blood-derived products offer numerous
benefits in neuronal damage regeneration and distal function. This is often accompanied
by an improvement in symptoms [56,57]. Similar findings have been reported in other
studies involving conditions such as diabetes mellitus [55], trigeminal neuralgia [54],
leprosy [58], and peripheral nerve injury [59], where the use of blood-derived products
was associated with a reduction in neuropathic pain and potentially contributed to nerve
regeneration [60,61].

Secondly, a review of the literature suggests that molecular neuromodulation in ACS
can be explained by its bioactive molecular content. ACS contains high concentrations of
cytokines such as IL-4, IL-10, IL-13, and IL-1 receptor antagonist (IL-1Ra), as well as growth
factors like FGF-2 and TGF-β1. Notably, IL-1Ra functions as a biochemical sensitizer of
nerve roots in radiculopathy [62]. Interleukin-1 (IL-1) is particularly significant among
cytokines involved in orthopedic diseases [30,63]. Multiple studies emphasize that these
cytokines play a fundamental role in modulating neuropathic pain symptoms, contributing
to the pathophysiology and potential therapeutic targets of pain management [64].

Thirdly, from a broader perspective within regenerative medicine, recent systematic re-
views [65–67] on lumbar/radicular pain and regenerative medicine have found insufficient
evidence regarding the use of blood-derived products for radicular pain management. Only
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12 studies are highlighted—three randomized controlled trials—evaluating autologous
serum/PRP administered via epidural or transforaminal routes. Comparative groups used
corticosteroids or local anesthetics; some studies did not include PRF therapy on the DRG.
Four studies also treated disk pathology, facet joints, or zygapophyseal joints concurrently.
Despite these limitations, conclusions favor biological therapies over corticosteroids for
radicular pain due to their longer-lasting effects beyond 6–12 months—a finding differing
from our current results [65–67].

Although long-term differences between groups were not statistically significant, it is
plausible that a synergistic effect exists between the neuromodulation provided by ACS
and PRF. This interaction was previously described by Jorge et al. concerning neuropathic
pain control and neuromodulation, although in this study, no synergistic effect between the
groups was observed [68].

Finally, regarding safety, this clinical trial clearly demonstrates an advantage for ACS
treatment since no complications or adverse effects were observed in any case. This aligns
with several works, which indicated that regenerative medicine treatments at the axial level
have a very safe therapeutic profile in terms of adverse effects and side effects, in contrast
to corticosteroid treatments [66,67].

One of the limitations of this study is the final analysis period, which was excluded
from the results due to n-data loss. Since radicular pain is a highly functionally limiting
type of neuropathic pain, patients who required additional treatment or surgery were
excluded from the analysis, thereby reducing the sample size at the 12-month follow-up and
consequently decreasing the statistical power of the findings. In the same line, improvement
was observed at the 3- and 6-month follow-up periods; however, this improvement was
not statistically significant in favor of ACS. A possible explanation for this finding may lie
in the insufficient sample size, considering the potential attrition observed during the 3–6-
month periods. In addition, another limitation of the study is the lack of characterization
of ACS, which could have provided more information on the mechanisms of action of
this treatment and its influence on the results. However, due to the complexity of this
product, its characterization is more complex and costly than other blood products such as
PRP, requiring molecular analyses that will be taken into consideration in future studies.
Finally, objective evaluations such as imaging studies or electromyograms in which disease
modifications could be observed would provide a better understanding of the mechanics
of these treatments.

Regarding clinical applicability, this study provides a strong level of evidence support-
ing the extrapolation of the proposed treatment to routine clinical practice. Incorporating
regenerative medicine therapy into pulsed radiofrequency protocols targeting the dorsal
root ganglion in patients with LLRP refractory to previous treatments represents, from an
everyday clinical perspective, a highly promising and viable alternative.

5. Conclusions
The inclusion of ACS injections in the application of PRF for LLRP treatment is

safe and accelerates improvement in pain in these patients, although without long-term
improvement compared to control. Biologic treatments could be an effective and safe neuro-
modulator treatment for persistent radicular pain. More research is needed to understand
these treatments and the influence of aspects such as application protocol.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm14217771/s1, Table S1: The values of both groups across the
evaluated periods (baseline, 30 days, 3 months, and 6 months). ACS: Autologous Conditioned Serum.
PhS: Physiological Saline. SD: standard deviation. CI: Confidence Interval. VAS: Visual Analogic
Scale. DN4: Doloeur Neurophatique Test. MOAS: Mood Assessment Scale.
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