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Abstract

Background Pulsed radiofrequency of the lumbar dorsal root ganglion (DRG-PRF) is a minimally invasive treatment for
chronic radicular pain, but outcomes vary substantially and validated prediction models to guide patient selection are lack-
ing. The aim of this study was to develop and internally validate a multivariable prediction model identifying patients most
likely to achieve treatment success following lumbar DRG-PRF.

Methods This retrospective cohort study included 308 consecutive patients who underwent DRG-PRF for chronic lumbar
radicular pain. Positive outcome was defined as >50% pain reduction on the Numerical Rating Scale at 6-month follow-up.
Candidate prognostic variables were selected using Least Absolute Shrinkage and Selection Operator (LASSO) regres-
sion and included in the multivariable logistic regression analysis. Model performance was evaluated using area under the
receiver operating characteristic curve (AUC-ROC) and calibration plots. Internal validation employed 10,000 bootstrap
replications. A clinical nomogram was developed for bedside application.

Results Treatment success was achieved in 43.5% of patients (134/308). LASSO identified four independent predictors:
baseline pain intensity (OR=1.558, p=0.013), daily morphine milligram equivalents (OR=0.981, p<0.001), pain duration
(OR=0.816, p=0.008) and previous fusion/decompression surgery (OR=0.315, p=0.004). The model demonstrated moder-
ate discrimination (AUC=0.734, 95%CI:0.678-0.788), good calibration (Hosmer-Lemeshow p=0.454), and robust internal
validation (optimism-corrected AUC=0.742). At optimal cutoff (0.478), sensitivity was 67.2% and specificity 69.0%.
Conclusions This validated prediction model incorporating opioid consumption, pain duration, baseline pain intensity, and
surgical history enables individualized risk stratification for lumbar DRG-PRF. The accompanying nomogram facilitates
clinical decision-making and patient counseling.

Keywords Pulsed radiofrequency - Dorsal root ganglion - Chronic radicular pain - Prediction model - Nomogram -
LASSO regression

< Matteo Luigi Giuseppe Leoni Anesthesiology and Pain Department, Foundation G. Giglio
matteolg.leoni@gmail.com Cefalu, Palermo 90015, Italy

Department of Anesthesiology, Critical Care, and Pain
Medicine, The University of Texas Health Science Center at
Houston, Houston, TX, USA

Department of Medical and Surgical Sciences and
Translational Medicine, Sapienza University of Rome,
Rome 00189, Italy

Department of Experimental Medicine (Di.Me.S), University
of Salento, Lecce 73100, Italy

Pain Unit, Anesthesia and General Intensive Care Unit, AOU
Sassari, Sassari, Italy

Unit of Interventional Pain Management, Guglielmo da
Saliceto Hospital, Piacenza, Italy

Visionary International Board for Research and Analgesia
(VIBRA), Fondazione Paolo Procacci, Rome 00193, Italy

Department of Medicine, Surgery and Pharmacy, University College of Medicine, University of Baghdad, Baghdad, Iraq

of Sassari, Sassari 07100, Italy

Published online: 24 August 2026 &)\ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11916-026-01544-x&domain=pdf&date_stamp=2026-8-20
https://doi.org/10.1007/s11916-026-01544-x
mailto:matteolg.leoni@gmail.com
http://orcid.org/0000-0001-5228-3733

110 Page 2 of 15

Current Pain and Headache Reports (2026) 30:110

Introduction

Chronic low back pain with radicular symptoms remains a
substantial clinical challenge, affecting an estimated 9.4%
to 25% of the general population and representing a lead-
ing cause of disability worldwide [1]. When conservative
management, including pharmacological therapy, physical
rehabilitation, and interventional approaches such as epidural
steroid injections, fails to achieve adequate symptom control,
pulsed radiofrequency of the dorsal root ganglion (DRG-
PRF) has emerged as a minimally invasive neuromodula-
tory option to provide short-term analgesia [2]. PRF delivers
short bursts of radiofrequency current (typically 20 millisec-
onds at 2 Hz) while maintaining tissue temperature below 42
°C, thereby preserving neural architecture and analgesia is
achieved through non-thermal mechanisms [3, 4].

Despite the analgesic mechanisms underlying PRF effects
remain incompletely understood, studies show selective
ultrastructural effects on C- and Ad-fibers without injury to
myelinated fibers [5], along with reduced c-Fos expression in
the dorsal horn, indicating altered central nociceptive process-
ing [6]. PRF also modulates local inflammatory mediators [3]
and may enhance descending inhibitory pathways [7]. Addi-
tional work suggests transient modulation of neuronal excit-
ability and glial activity, contributing to its sustained clinical
effects [8]. These combined mechanisms likely explain the
variability in patient response and highlight the importance
of optimized patient selection. In fact, despite growing clini-
cal utilization and mechanistic insights, treatment outcomes
following lumbar DRG-PRF exhibit considerable variability,
with reported success rates ranging from 32% to 87% across
published series [9—12]. This substantial heterogeneity sug-
gests that not all patients benefit equally from PRF inter-
vention, yet reliable predictors of treatment success remain
poorly defined. Current patient selection relies predominantly
on diagnostic criteria (such as clinical presentation and con-
firmatory diagnostic blocks) and anatomical considerations,
with limited integration of patient-specific characteristics that
may influence treatment response [13, 14].

Several retrospective analyses have identified potential
prognostic factors associated with the efficacy of DRG-PRF
[15-17]. However, these observations have not yet been inte-
grated into validated multivariable prediction models capable
of supporting clinical decision-making. This lack of evidence-
based prognostic tools represents a relevant gap in the field,
as suboptimal patient selection may expose individuals to
unnecessary procedural risks with limited therapeutic benefit,
while conversely depriving suitable candidates of a poten-
tially effective intervention. Therefore, the aim of this study
was to develop and internally validate a multivariable predic-
tion model for identifying patients most likely to achieve a
positive clinical outcome following lumbar DRG-PRF.
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Methods
Study Design and Patient Population

This retrospective cohort study was conducted at Interven-
tional and Surgical Pain Unit Centre, Guglielmo da Saliceto
Hospital, Piacenza, Italy, from May 2023 to September 2025.
The study protocol was approved by the local Institutional
Review Board (protocol number: 747/2023/DISP) and was
performed in accordance with the principles of the Declara-
tion of Helsinki. Due to the retrospective nature of the study,
the requirement for informed consent was waived by the ethics
committee. Consecutive patients with lumbar radicular pain
who underwent DRG-PRF were identified from the internal
database. The inclusion criteria included: (1) age>18 years;
(2) chronic lumbar radicular pain (duration>3 months) cor-
responding to L4, L5, or S1 nerve root distribution; (3) failure
of conservative management including pharmacotherapy and
physical therapy for at least 3 months; (4) positive response
to diagnostic transforaminal nerve root block performed at
least 4 weeks prior to PRF; (5) complete clinical and follow-
up data available at 6-month assessment. Exclusion criteria
were: (1) pregnancy; (2) active local or systemic infection;
(3) coagulopathy or ongoing anticoagulant therapy that could
not be safely discontinued; (4) presence of implanted cardiac
devices or other active electronic implants; (5) previous spi-
nal surgery at the target level within 6 months; (6) progres-
sive neurological deficit or cauda equina syndrome requiring
urgent surgical intervention; (7) spinal instability, severe
central canal stenosis (<10 mm anteroposterior diameter),
or multilevel foraminal stenosis; (8) primary pain genera-
tor other than radiculopathy (e.g., sacroiliac joint pathology,
facet joint arthropathy as primary pain source); (9) active
malignancy or known metastatic disease to the spine; (10)
uncontrolled psychiatric disorder or active substance abuse;
and (11) ongoing litigation or compensation claims related to
the pain condition.

Data Collection

Electronic medical records were systematically reviewed to
extract demographic, clinical, and procedural data. Base-
line characteristics collected included: age, gender, body
mass index (BMI), pain duration (years), previous lumbar
spine surgery (categorized as no surgery, discectomy only,
or fusion/decompression procedures), vertebral level(s)
treated (L4, L5), number of levels treated (single vs. mul-
tiple), and medication use. Medication data were catego-
rized as: (1) opioid analgesics: documented as current use
(yes/no) and quantified as morphine milligram equivalents
(MME) per day calculated according to standard conversion
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factors [18]; (2) gabapentinoids (gabapentin or pregabalin):
documented as current use (yes/no).

Clinical outcome measures were collected at two time
points: baseline (pre-procedure) and 6-month follow-
up. The 6-month assessment was deliberately chosen to
evaluate mid-term efficacy rather than early or short-term
responses, as clinically meaningful evaluation of DRG-PRF
should focus on sustained pain relief over time rather than
transient early effects.

Pain intensity was evaluated using the Numerical Rating
Scale (NRS), an 11-point scale ranging from 0 (no pain) to 10
(worst imaginable pain). A positive outcome was defined as
achieving a>50% reduction in NRS pain score from baseline
at the 6-month follow-up. All patients underwent diagnostic
transforaminal nerve root block at least 4 weeks prior to DRG-
PRF to confirm the pain generator. Patients were considered
to have a positive diagnostic block if they reported>50% pain
reduction for a duration consistent with the expected duration
of local anesthetic effect (2—4 h) and could perform previously
painful movements with reduced discomfort.

DRG-PRF Procedure

DRG-PREF procedures were performed in a dedicated inter-
ventional pain management suite equipped with a C-arm
fluoroscopy system. All procedures were conducted under
strict aseptic conditions following established institutional
protocols for infection prevention. The full procedural
details of DRG-PRF have been described in our previously
published work [19]. Briefly, the intervention was per-
formed under fluoroscopic guidance with the patient in the
prone position and standard cardiorespiratory monitoring.
After sterile preparation and local anesthesia, a curved-tip
18G RF cannula was advanced into the dorsal-cranial quad-
rant of the intervertebral foramen. Correct positioning was
confirmed through contrast injection, impedance measure-
ments (< 400 Q) and sensory—motor stimulation thresholds
(sensory < 0.4 V; motor > 1.5x sensory). PRF was delivered
at 45V, 20 ms pulses at 2 Hz for 360 s while maintaining
tissue temperature < 42 °C to avoid thermal neurodestruc-
tion. Patients were monitored post-procedure for 30—-60 min
and discharged with standard post-procedural instructions.

Statistical Analysis

Continuous variables are presented as mean=standard
deviation (SD) and categorical variables as frequencies and
percentages. Normal distribution of continuous variables
was assessed using the Shapiro-Wilk test. Positive outcome
was defined as a>50% reduction in NRS score at 6 months

compared with baseline following DRG PRF. For baseline
characteristics, comparisons between patients with and
without positive outcomes were performed using indepen-
dent samples t-tests for continuous variables and chi-square
tests or Fisher’s exact test when indicated for categorical
variables. To identify predictors of positive outcome, a
Least Absolute Shrinkage and Selection Operator (LASSO)
regression with 10-fold cross-validation was applied. The
LASSO penalization was used to reduce overfitting by
shrinking regression coefficients, with variables having
non-zero coefficients at the optimal lambda value selected
for inclusion in the final model. The optimal lambda param-
eter (A) was chosen based on the minimum cross-validation
error (lambda.min). Selected predictors from LASSO were
then entered into a multivariable logistic regression model.
Model performance was evaluated using the area under the
receiver operating characteristic curve (AUC-ROC), calcu-
lated with 95% confidence intervals via 10,000 bootstrap
iterations. The optimal probability cutoff was determined
using Youden’s index, maximizing the sum of sensitivity
and specificity. Calibration was assessed through calibra-
tion plots comparing predicted probabilities with observed
proportions across deciles, complemented by the Hosmer-
Lemeshow goodness-of-fit test. Multicollinearity was eval-
uated using variance inflation factors (VIF), with VIF<5
considered acceptable. Internal validation was performed
using bootstrap resampling (10,000 iterations) to estimate
optimism-corrected performance metrics and assess model
stability. A clinical nomogram was developed to facilitate
bedside risk prediction.

Longitudinal analyses of pain (NRS scores) were con-
ducted comparing baseline and 6-month assessments. All
statistical tests were two-tailed, with p-values < 0.05 con-
sidered statistically significant. Missing data were handled
using complete case analysis, as missing data rates were <
5% for all variables. Model reporting followed the Trans-
parent Reporting of a multivariable prediction model for
Individual Prognosis Or Diagnosis (TRIPOD) statement
guidelines [20]. All analyses were performed using R v4.5.2
(R Foundation for Statistical Computing, Vienna, Austria;
WWW.r-project.org).

Results

A total of 308 patients who underwent lumbar DRG-PRF
were included in this analysis. At 6-month follow-up, 134
patients (43.5%) achieved a positive outcome, while 174
patients (56.5%) did not meet this threshold. Baseline
demographic and clinical characteristics stratified by out-
come status are presented in Table 1.
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Table 1 Baseline characteristics stratified by outcome

Characteristic Negative Positive p-value
outcome outcome
(n=174) (n=134)
Age (years) 62.52+14.43 61.01+13.97 0.358
Male, n (%) 105 (60.3%) 81 (60.4%) 1.000
BMI (kg/m?) 26.11+4.65 26.18+4.16 0.890
Opioid use, n (%) 107 (61.5%) 53 (39.6%) <0.001
Gabapentinoids use, n (%) 110 (63.2%) 81 (60.4%) 0.705

MME (mg/day) 40.36+42.40 17.04+26.22 <0.001
Previous surgery, n (%) 66 (37.9%) 33 (24.6%) 0.018
Surgery type, n (%) <0.001
— Discectomy 23 (13.2%) 23 (17.2%)

— Fusion/Decompression 43 (24.7%) 10 (7.5%)

Pain duration (years) 3.49+1.63 2.884+1.66 0.001
Level L5-S1, n (%) 74 (42.5%) 53 (39.6%) 0.682
Multiple levels, n (%) 78 (44.8%) 58 (43.3%) 0.877
NRS baseline 7.87£0.70  8.04+0.76 0.049

Patients who achieved a positive outcome differed
markedly in both medication use and surgical history. Spe-
cifically, they exhibited significantly lower opioid con-
sumption (mean MME: 17.04 vs. 40.36; p<0.001) and a
reduced overall prevalence of opioid use (39.6% vs. 61.5%;
p<0.001). Previous lumbar surgery was also less common
among patients with a positive response after DRG-PRF
(24.6% vs. 37.9%; p=0.018), with a particularly lower
rate of prior fusion or decompression procedures (7.5%
vs. 24.7%; p<0.001). In addition, patients with a positive
outcome had a significantly shorter duration of pain symp-
toms (2.88+1.66 vs. 3.49+1.63 years; p=0.001). Finally,
patients who achieved a positive outcome also demonstrated
slightly higher baseline pain intensity (NRS: 8.04+0.76 vs.
7.87+0.70; p=0.049).

A NRS Pain Score: Baseline vs 6 Months B
Boxes show median and IQR, diamonds show mean
) ! e
g9 X3
o 2
° o
36 £ E ®
c £
&3 2
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2 4
Z0 =

Baseline 6 Months

Time Point

Outcome Group EZ No Positive Outcome E3 Positive Outcome

Fig. 1 Changes in pain intensity from baseline to 6-month follow-up
after DRG-PRF. A Boxplots of NRS pain scores at baseline and 6
months stratified by outcome group. Boxes represent the median and
interquartile range (IQR), while diamonds indicate the mean values.
Patients achieving a positive outcome (>50% NRS reduction) showed
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Analysis of pain intensity from baseline to 6-month
follow-up revealed a significant improvement. Global
mean NRS decreased from 7.94+0.73 at baseline
to 446+2.16 at 6 months, representing an overall
reduction of 3.48 points (95% CI: 3.22-3.74, p<0.001,
Cohen’s d=—1.514). Patients achieving positive
outcomes experienced markedly greater pain reduction
(—5.34+1.18 points, p<0.001, d=—4.537) compared
to those without positive outcomes (—2.05+1.89 points,
p<0.001, d=—1.085). This difference was statistically
significant (mean difference=3.13 points, 95% CI: 2.81-
3.45, p<0.001, Cohen’s d=2.084), (Fig. 1A). Trajectory
analysis demonstrated graphically the same divergent
patterns between outcome groups (Fig. 1B).

Correlation Analysis

A comprehensive Pearson correlation analysis was con-
ducted to evaluate potential linear associations among
clinical, demographic and outcome-related continuous vari-
ables (Fig. 2). Overall, the correlation structure revealed
weak relationships, with most coefficients clustering near
zero (range between —0.10 and +0.10), indicating relative
independence between predictors. The only prominent asso-
ciation in the matrix was observed between the pain relief
percentage and NRS at 6months (» = —0.890), indicating
a very strong inverse correlation; as expected, greater pain
relief corresponds to lower NRS values at 6 months.

The penalized LASSO regression analysis identified four
variables with non-zero regression coefficients:

MME, pain duration, baseline NRS, and surgery type
(Fusion), (Fig. 3). All remaining variables were shrunk to
zero after penalization.

NRS Pain Score Trajectory: Baseline to 6 Months

Individual patient trajectories (thin lines) and group means (thick lines)

Baseline 6 Months

Time Point

Outcome Group () No Positive Outcome () Positive Outcome

a substantially greater decrease in pain compared with non-responders.
B Individual pain score trajectories (thin lines) and group mean trajec-
tories (thick lines) from baseline to 6 months, illustrating divergent
pain evolution between patients with and without positive outcomes
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Fig. 2 Correlation matrix of con-
tinuous clinical variables

Pain_duration

NRS_6months

ODI_1month

Multivariable Logistic Regression Model

The LASSO-selected variables for the multivariable logis-
tic regression included the following variables: MME, pain
duration, baseline NRS and surgery type. The LASSO coef-
ficients are reported in Table 2. The regression equation was:
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. Where “p” is the probability of achieving a positive clinical
outcome. Among the predictors, higher pre-treatment MME
emerged as a strong negative determinant of clinical suc-
cess (OR=0.981; p<0.001). Longer pain duration similarly
reduced the likelihood of treatment response (OR=0.816;
p=0.0079). In contrast, higher baseline NRS scores were

logit (p) = —2.459 — 0.019 - MME — 0.203 - Pain Duration + 0.443 - NRS baseline — 1.157 - Surgery Type (Fusion)

associated with a greater probability of improvement
(OR=1.558; p=0.0134), suggesting that patients with more
severe initial pain may derive more benefit. Surgical his-
tory also influenced outcomes: fusion or decompression
procedures were significantly associated with poorer results
(OR=0.315; p=0.004), whereas prior discectomy showed
no measurable effect on treatment efficacy (p=0.973),
(Table 2).

The model demonstrated good calibration (Hosmer—
Lemeshow p=0.454) and multicollinearity was minimal
(all VIF<1.1), ensuring stable coefficient estimation.

ROC Curve Analysis

The multivariable logistic regression model demonstrated
satisfactory discriminative performance, with an AUC of
0.734 (95% CI: 0.678-0.788), indicating moderate ability
to distinguish between patients with and without a positive
clinical outcome (Fig. 4A). Using Youden’s index, the opti-
mal probability cutoff was identified at 0.478, which yielded
a sensitivity of 0.672 and specificity of 0.690, along with
a positive predictive value of 0.625 and a negative predic-
tive value of 0.732. At this threshold, overall classification

@ Springer
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Fig. 3 LASSO model tuning and coefficient shrinkage. A Tenfold
cross-validation curve for the LASSO logistic regression model illus-
trating binomial deviance across the log-A sequence. The red dot-
ted line marks the optimal penalty value (A_min=0.02349), which
achieved the lowest cross-validated deviance. The blue dotted line
represents the more conservative (A_1SE=0.05426), selected for

Table 2 Predictors selected by LASSO and their multivariable logistic
regression performance

Predictor LASSO Esti- OR  95%  p-value
Coef- mate CI
ficient  (B)
®
MME -0.0104 -0.0193 0.981 0.973— <0.001
0.989
Pain duration -0.0619 -0.2030 0.816 0.701- 0.0079
0.947
NRS_baseline +0.0413 0.4433 1.558 1.103— 0.0134
2.231
Surgery: - 0.0120 1.012 0.508- 0.9726
Discectomy -0.4222 -1.1566 0.315 2.018 0.0040
Fusion/Decompression 0.137-
0.670

accuracy reached 68.2%, as reflected in the confusion matrix
(TN=120, TP=90, FN=44, FP=54), (Fig. 4B).

To assess model stability and potential overfitting,
internal validation was performed using 10,000 bootstrap
replications. The bootstrap mean AUC was 0.742 (95%
CI: 0.686—-0.795), closely aligned with the original model
(AUC=0.734). The estimated optimism was minimal
(—0.008), resulting in an optimism-corrected AUC of 0.742,
confirming good internal validity.

Calibration Analysis

Calibration analysis demonstrated good agreement between
predicted and observed outcome probabilities. The boot-
strap-corrected calibration curve showed minimal deviation
from the ideal reference line, with a mean absolute error
of 0.054. The apparent and bias-corrected curves closely
overlapped, indicating limited overfitting and strong inter-
nal calibration of the model’s probability estimates (Fig. 5).
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B 2 P LASSO Coefficient Path,

model parsimony. B LASSO coefficient trajectories for all predictors
as a function of log-A. As penalization increases, coefficients shrink
progressively toward zero. At A_1SE, four variables retained non-zero
coefficients (MME, pain duration, baseline NRS and fusion surgery),
defining the final reduced feature set

Nomogram Development and Prediction Formula

Using the final multivariable logistic regression model, a
clinical nomogram was developed to provide an individu-
alized estimate of the probability of achieving a positive
clinical outcome after lumbar DRG-PRF (Fig. 6). The model
incorporated the four LASSO-selected predictors and the
resulted nomogram translates regression coefficients into a
user-friendly visual scoring tool, enabling clinicians to sum
predictor-specific point values and obtain an estimated proba-
bility of treatment success. Practical instructions for the use of
this nomogram are provided in the Supplementary Material.

To support reproducible clinical application, the corre-
sponding mathematical model was also derived. The final
prediction equation is:

log-odds = —2.4591 — 0.0193 (MME) — 0.2030 (Pain Duration)
+ 0.4433 (NRSpasetine) + 0.0120 (Discectomy) — 1.1566 (Fusion/Decompression)

The estimated probability of a positive outcome is com-
puted as:

1

P (Positive Outcome) = 1+ e—(og-odds)
e~ (log-odds

As a practical illustration of how the model can be applied
at the bedside, consider a patient with the following char-
acteristics: baseline NRS=8, pain duration=3 years, daily
opioid consumption=10 MME and no history of lumbar
surgery (neither discectomy nor fusion/decompression). For
this profile, the linear predictor (log-odds) is calculated as:
log-odds = —2.4591 — 0.0193 x 10 —0.2030 x 3+ 0.4433 x 8

that is,

log-odds = —2.4591 — 0.1930 — 0.6090 + 3.5464 ~ 0.285.
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Fig. 4 Model discrimination and classification performance. A The
receiver operating characteristic (ROC) curve illustrates the discrimi-
native ability of the multivariable logistic regression model to predict
a positive clinical outcome. B Confusion matrix displays classification

Fig. 5 Bootstrap-corrected
calibration curve for the mul-
tivariable logistic regression
model. The plot shows close
alignment between predicted
and observed probabilities, with
minimal deviation from the ideal
calibration line (mean absolute
error=0.054). The bias-corrected
curve indicates good model cali-
bration and low overfitting risk

Actual Probability
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performance at this optimal cutoff. The model correctly identified 54
true positives (17.5%) and 120 true negatives (39.0%), with an overall
accuracy of 68.2%, a positive predictive value (PPV) of 37.5%, and a
negative predictive value (NPV) of 73.2%
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Fig. 6 Nomogram for predicting positive outcome after lumbar DRG-
PRF. The nomogram presents the multivariable logistic regression
model used to estimate the probability of achieving a positive clini-
cal outcome following lumbar DRG-PRF. Each predictor is assigned

The corresponding probability of achieving a positive out-
come is then:

P (Positive Outcome) =

indicating an estimated 57% chance of treatment success for
this patient.

Discussion

This study developed and internally validated a clinically
applicable prediction model to identify patients most likely
to benefit from lumbar DRG-PRF for chronic radicular pain.
Using LASSO-based feature selection, four independent
predictors of treatment success at 6 months were identified:
baseline pain intensity, opioid consumption (MME), pain
duration and type of previous lumbar surgery. The resulting
multivariable model demonstrated moderate discriminative
ability with good calibration and robust internal validation.
Higher opioid use, longer pain duration, and prior fusion
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a corresponding point value on the uppermost scale; summing these
values produces a Total Points score, which maps onto a linear predic-
tor and finally to an estimated probability of a positive outcome

or decompression surgery were associated with a reduced
likelihood of success, whereas higher baseline pain intensity
paradoxically predicted greater improvement. The transla-
tion of these findings into a nomogram offers a practical
tool for individualized patient selection and pre-procedural
counseling.

Our observed treatment response rates align with the
heterogeneous outcomes reported in the existing literature
on PRF for lumbar radicular pain. In fact, recent system-
atic reviews and meta-analyses have reported success rates
ranging from 32% to 87% depending on patient selection
criteria, outcome definitions, and follow-up duration, under-
scoring substantial variability in treatment response [21,
22]. In our cohort, 43.5% of patients achieved the primary
outcome of > 50% pain reduction at 6 months, which falls
within the mid-range of published estimates and is compa-
rable to the 46% responder rate reported in our recently pub-
lished propensity-matched analysis [19]. The magnitude of
pain reduction observed in our study (overall NRS decrease
of 3.48 points) is clinically meaningful and exceeds the
commonly accepted minimal clinically important difference
of 2 points for chronic pain conditions [23-25].
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Importantly, our data demonstrates sustained analgesic
benefits of DRG-PRF up to the 6-month follow-up. These
findings are consistent with previous studies with extended
follow-up, which have documented persistent pain relief
lasting up to 612 months after the procedure [26, 27]. The
emergence of baseline opioid consumption as the strongest
negative predictor in our model carries significant clinical
implications. In fact, each 1 mg increase in daily MME was
associated with a 2% reduction in odds of treatment success,
suggesting a dose-dependent relationship between chronic
opioid exposure and diminished PRF efficacy. This finding
aligns with a growing body of evidence documenting the
adverse influence of opioid therapy on interventional pain
treatment outcomes across multiple modalities and anatomi-
cal targets [28-33].

From a clinical point of view, our findings suggest that
efforts to taper or optimize opioid therapy prior to DRG-
PRF intervention may enhance treatment success rates. In
fact, the 2022 CDC Clinical Practice Guideline for Pre-
scribing Opioids emphasizes the importance of multimodal
pain management, incorporating non-opioid pharmaco-
therapy and non-pharmacological approaches, particularly
for chronic non-cancer pain [34]. Interventional pain spe-
cialists should consider coordinated opioid dose reduction
strategies in conjunction with PRF treatment, recognizing
that lower opioid use may not only improve procedural out-
comes but also mitigate long-term risks of opioid-related
adverse events [35, 36].

Our model identified previous lumbar fusion or decom-
pression surgery as a strong negative predictor of DRG-
PRF success (OR = 0.315), whereas prior discectomy alone
showed no significant effect. This differential impact of sur-
gery type has important implications for patient counseling
and treatment planning. The unfavorable prognosis asso-
ciated with prior fusion procedures is consistent with the
well-characterized phenomenon of failed back surgery syn-
drome (FBSS), recently reclassified as persistent spinal pain
syndrome type 2 (PSPS-T2) in the International Classifica-
tion of Diseases, 11th Revision [37]. Patients with FBSS/
PSPS-T2 represent a particularly challenging population
characterized by complex pain mechanisms, psychological
comorbidities, and altered biomechanics that collectively
contribute to treatment resistance [38, 39]. The pathophysi-
ology of persistent pain following fusion surgery is multi-
factorial and may include epidural fibrosis causing nerve
root tethering and mechanical irritation, adjacent segment
disease due to altered load distribution, pseudarthrosis with
persistent instability, retained foreign bodies or hardware
complications, and central sensitization resulting from pro-
longed nociceptive input [40]. Each of these mechanisms
may attenuate the effectiveness of PRF, which primarily tar-
gets peripheral and segmental pain processing at the DRG

level but may be insufficient to address centralized pain
states or structural biomechanical derangements. Conse-
quently, it can be hypothesized that patients with a history of
lumbar fusion or decompression surgery may obtain greater
benefit from alternative therapeutic approaches, such as
epidural PRF [41], epidurolysis [42] or epiduroscopy [43],
rather than DRG-PRF.

Recent retrospective analyses have corroborated the neg-
ative prognostic significance of previous spine surgery for
PRF outcomes. Jandura et al. [44] reported that prior lum-
bar surgery decreased the therapeutic efficacy of DRG-PRF
in patients with chronic lumbosacral radicular pain, though
the mechanism underlying this association remains incom-
pletely understood.

In contrast, another study [45] did not identify a statis-
tically significant association between previous surgery
and PRF outcomes, although a nonsignificant trend was
observed (p = 0.09). However, several methodological dif-
ferences should be considered when interpreting these find-
ings. First, the outcome assessment was performed at earlier
time points (10 days, 1 month, and 3 months) compared with
the 6-month follow-up used in our study. Second, PRF was
combined with transforaminal steroid injection, preclud-
ing evaluation of the isolated effect of PRF alone. Third,
the PRF protocol differed substantially, as a shorter treat-
ment duration was applied (45 V, 42 °C for 120 s). Treat-
ment duration appears to be clinically relevant, as recent
randomized controlled trials have demonstrated superior
outcomes with longer PRF application times, particularly
6-minute protocols [46]. Finally, previous surgery was
classified dichotomously without distinguishing between
surgical types. This distinction is clinically important, as
different surgical procedures are associated with varying
degrees of epidural fibrosis, which may differentially influ-
ence PRF efficacy [47, 48]. Moreover, the role of previous
surgery is multifactorial: the complexity of post-surgical
anatomy, including scar tissue formation and altered neural
relationships, may compromise needle placement accuracy
and reduce the effective delivery of electromagnetic fields to
the target ganglion. Furthermore, patients who have under-
gone multiple surgical interventions may harbor unrealistic
expectations or demonstrate maladaptive illness behaviors
that independently influence perceived treatment outcomes
[49]. In contrast, the absence of a negative association with
prior discectomy in our cohort confirm that less extensive
surgical interventions may not alter the neurophysiological
substrate in a manner that compromises PRF efficacy. Dis-
cectomy typically addresses focal mechanical compression
without extensive soft tissue dissection or biomechanical
alteration, potentially explaining the preserved treatment
responsiveness. Finally, this finding may be explained by
the complex and multifactorial nature of pain in patients
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with a history of spinal surgery. In these individuals, pain
is often not exclusively mediated by the DRG but may also
arise from adjacent anatomical structures, including facet
joints, intervertebral discs, paraspinal muscles, and scar-
related changes [50]. As a result, targeting the DRG alone
may be insufficient to address all relevant pain generators,
which could account for the reduced effectiveness of DRG
radiofrequency observed in this subgroup.

The finding that higher baseline pain intensity pre-
dicted increased likelihood of positive outcome (OR =
1.558 per 1-point NRS increase) represents a counterin-
tuitive but potentially important observation. This para-
dox, wherein patients presenting with more severe initial
pain demonstrate superior treatment responses, has been
previously reported in the PRF literature but lacks a uni-
fied mechanistic explanation [16, 51]. Several potential
mechanisms may explain this association. Patients with
more severe radicular pain may have greater capacity for
clinically meaningful improvement. Moreover, patient
motivation or expectancy effects may also contribute.
Evidence in the literature remains limited and this finding
requires external validation. Consequently, baseline pain
intensity should be interpreted in conjunction with other
prognostic factors rather than in isolation, to guide indi-
vidualized patient selection.

Longer pain duration emerged as another independent
negative predictor in our model, with each additional year
of symptoms associated with an 18% reduction in odds of
treatment success (OR = 0.816). This temporal dimension of
prognosis aligns with established principles of pain chroni-
fication, wherein prolonged nociceptive input induces pro-
gressive neuroplastic changes within peripheral, spinal, and
supraspinal pain processing networks that render chronic
pain increasingly refractory to intervention [52]. Clinical
studies across multiple pain conditions have documented
declining treatment efficacy with increasing symptom dura-
tion. In the context of lumbar radicular pain specifically,
many articles have suggested that patients treated within the
first year of symptom onset demonstrate superior responses
to those with multi-year symptomatology [32, 53-55].

The moderate discriminative ability of our model (AUC
= 0.734) compares favorably with published prediction
models for other interventional pain procedures such as
continuous radiofrequency ablation of facet joints [56].
To our knowledge, this represents the first validated pre-
diction model specifically developed for PRF treatment
of lumbar DRG. However, the sensitivity and specific-
ity of the model indicate that approximately one-third of
patients may be misclassified. Accordingly, several con-
siderations must be addressed before clinical implemen-
tation. First, external validation in independent cohorts is
required. Although internal bootstrap validation confirmed

@ Springer

the statistical robustness of the model within our dataset,
variations in geography, patient demographics, and clini-
cal practice patterns may limit its generalizability. Sec-
ond, the model does not incorporate procedural factors
such as the specific equipment used (e.g., needle type,
active tip length and PRF generator), operator experience,
or detailed PRF parameters (including voltage, duration,
impedance, pulse width, and frequency), all of which may
independently affect treatment outcomes. Third, the out-
come definition was limited to pain reduction and did not
include broader measures of treatment success, such as
functional improvement, quality of life, disability scores,
or patient satisfaction, which are increasingly recognized
as essential endpoints in pain management. Within these
limitations, the proposed model offers several clinically
meaningful applications. It may support patient selection
and prioritization by identifying individuals most likely
to benefit from DRG-PRF, while guiding those with unfa-
vorable prognostic profiles toward alternative therapeutic
strategies. In addition, the model can facilitate informed
consent and expectation management by providing per-
sonalized, probabilistic estimates of treatment success,
thereby enhancing shared decision-making. From a
health-system perspective, it may assist in resource allo-
cation by optimizing the use of limited procedural capac-
ity. Finally, the model may serve as a stratification tool
for clinical research, enabling the enrollment of prognos-
tically homogeneous cohorts and improving the design of
comparative effectiveness studies. The heterogeneity of
responses observed in our cohort likely reflects interindi-
vidual differences in underlying pain mechanisms, under-
scoring the potential value of future models integrating
clinical, imaging and neurobiological markers to further
refine patient selection.

Limitations

This study has several limitations that should be acknowl-
edged. First, its retrospective observational design entails
inherent risks of selection bias and residual confounding.
Although we adjusted for a broad set of clinical variables,
unmeasured factors such as psychological comorbidi-
ties, socioeconomic stressors, or genetic predisposition
may have influenced outcomes. Prospective studies with
standardized data collection would help mitigate these
limitations. Second, the single-center setting may limit
generalizability, as patient characteristics, referral pat-
terns, and procedural practices can vary across institutions
and healthcare systems. External validation in geographi-
cally and demographically diverse cohorts is therefore
required before routine clinical adoption of the nomo-
gram. Third, the definition of positive outcome relied
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exclusively on a > 50% reduction in NRS at 6 months,
which does not fully capture the multidimensional benefits
of treatment. Some patients may have achieved meaning-
ful improvements in function, medication use, or quality
of life despite not meeting this pain threshold. Future stud-
ies should incorporate composite endpoints integrating
pain, disability, patient-reported outcomes, and adverse
events. Several potentially relevant predictors were not
systematically collected, including psychological fac-
tors (e.g., depression and pain catastrophizing), imaging
characteristics, procedural variables, operator experience,
and concomitant therapies. Psychological comorbidities,
in particular, are known negative prognostic factors for
chronic pain interventions [57, 58], and their omission
represents an important limitation. Medication exposure
was derived from medical records rather than objective
dispensing data, which may have introduced imprecision
in opioid dose estimation. Moreover, opioid use disorder
and aberrant medication behaviors, both associated with
poorer outcomes [59], were not formally assessed.

The 6-month follow-up duration, while clinically rel-
evant and consistent with most PRF literature, does not
capture very long-term outcomes. Some patients may expe-
rience delayed treatment failure beyond 6 months, while
others may continue to derive benefit at 1-2 years post-
procedure. Extended follow-up studies are needed to define
the durability of PRF effects and to determine whether early
predictors of 6-month outcomes also predict sustained long-
term benefit.

Finally, our study examined DRG-PRF as a standalone
intervention without accounting for adjunctive treatments
such as transforaminal epidural steroid injection, which is
sometimes administered concurrently with PRF. In fact, in
our previously published paper [19] and as confirmed by
other authors [60], we found no additional benefit of steroid
injection when combined with PRF alone.

Future Research Directions, Clinical Implications
and Recommendations

Several future research priorities arise from our findings.
As previously reported, external validation of the prediction
model in independent and geographically diverse cohorts
is essential to confirm generalizability and guide potential
recalibration. Further studies should also optimize PRF pro-
cedural parameters, including voltage, pulse duration and
total treatment time. Cost-effectiveness analyses are needed
to determine whether risk-stratified PRF improves healthcare
efficiency. Finally, interventional strategies targeting modi-
fiable poor prognostic factors, such as opioid use or psycho-
logical distress, may further enhance treatment response and
advance personalized pain management. Clinically, routine

preprocedural assessment of baseline pain intensity, opioid
use, pain duration and surgical history is recommended to
support individualized risk estimation and informed consent
using the proposed nomogram. High opioid consumption
and prior fusion or decompression surgery warrant care-
ful counseling and consideration of alternative or adjunc-
tive strategies, whereas prior discectomy alone should not
preclude DRG-PREF. Earlier referral may improve outcomes
and patients with severe pain but otherwise favorable pro-
files may be prioritized in resource-limited settings. Impor-
tantly, unfavorable predictions should be viewed as markers
of guarded prognosis rather than absolute contraindications,
reinforcing the role of shared decision-making and system-
atic outcome monitoring to refine future models.

Conclusion

This study developed and internally validated a clinical pre-
diction model to identify patients most likely to benefit from
lumbar DRG-PRF. Higher opioid consumption, longer pain
duration, and prior lumbar fusion surgery were associated
with poorer outcomes, whereas higher baseline pain inten-
sity predicted greater likelihood of response. The model
showed moderate discriminative performance with good
calibration and minimal optimism on internal validation,
and its translation into a practical nomogram enables indi-
vidualized risk stratification, informed consent, and prog-
nostic counseling. Clinically meaningful improvements in
pain were observed, with 43.5% of patients achieving>50%
pain reduction at 6 months. Notably, surgical history dem-
onstrated differential prognostic value, as prior fusion, but
not discectomy, was associated with reduced treatment suc-
cess, underscoring the importance of surgical subtype rather
than prior surgery per se. Implementation of this model may
improve patient selection, optimize resource utilization,
and support shared decision-making. External validation
and prospective risk-stratified studies are needed to confirm
generalizability and to explore whether pre-procedural opti-
mization, particularly opioid reduction and psychological
support, can further enhance outcomes.
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o This contemporary clinical study further examined
whether transforaminal epidural steroid injection
provides additional benefit when combined with
DRG-PRF. Together with other recent comparative
evidence, it contributes to the ongoing discussion
regarding the necessity of adjunctive steroid ad-
ministration and supports refinement of procedural
protocols for lumbar radicular pain.

Abbreviations

AUC Area Under the Curve

BMI Body Mass Index

CDC Centers for Disease Control and Prevention
CI Confidence Interval

DRG Dorsal Root Ganglion

DRG-PRF Dorsal Root Ganglion Pulsed Radiofrequency

FBSS Failed Back Surgery Syndrome

FN False Negative

FP False Positive

ICD-11 International Classification of Diseases, 11th
Revision

IQR Interquartile Range

LASSO  Least Absolute Shrinkage and Selection
Operator

MME Morphine Milligram Equivalents

NPV Negative Predictive Value

NRS Numerical Rating Scale

OR Odds Ratio

PPV Positive Predictive Value

PRF Pulsed Radiofrequency

PSPS-T2  Persistent Spinal Pain Syndrome Type 2

ROC Receiver Operating Characteristic

SD Standard Deviation

TN True Negative

TP True Positive

TRIPOD  Transparent Reporting of a multivariable
prediction model for Individual Prognosis Or
Diagnosis

VIF Variance Inflation Factor

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11916-026-01544-x.

Acknowledgements The authors wish to express their deepest and
most sincere gratitude to VIBRA, part of the Fondazione Paolo
Procacci, for its generous and sustained scientific support throughout
all phases of the publication process. Its persistent commitment to
advancing scientific research and pro-moting academic excellence has
been pivotal in enabling the conception, development, refinement, and
dissemination of this work.

Author Contributions Conceptualization, M.L.G.L., G.V.; methodol-
ogy, G.V.,, M.L.G.L.; data curation, M.L.G.L; writing-original draft
preparation, M.L.G.L., G.V., M.M.; writing-review and editing, S.M.,


https://doi.org/10.1007/s40122-024-00639-w
https://doi.org/10.1007/s40122-024-00639-w
https://doi.org/10.1136/rapm-2025-106908
https://doi.org/10.5606/tftrd.2024.13479
https://doi.org/10.5606/tftrd.2024.13479
https://doi.org/10.1007/s11916-026-01544-x

Current Pain and Headache Reports (2026) 30:110

Page 130f 15 110

G.L.B., 0.V, l.H., G.F,, G.C.; supervision, G.V. All authors have read
and agreed to the published version of the manuscript.

Funding Open access funding provided by Universita degli Studi di
Roma La Sapienza within the CRUI-CARE Agreement. This research
received no external funding.

Data Availability Data are available upon reasonable request to the
corresponding author.

Declarations

Omar Viswanath and Jamal Hasoon are section editor of this journal.
The other authors have no competing interests as defined by Springer,
or other interests that might be perceived to influence the results and/
or discussion reported in this paper.

Informed Consent Patient consent was waived due to the retrospective
nature of the study.

Institutional Review Board The study was conducted in accordance
with the Declaration of Helsinki, and approved by the Institutional Re-
view Board of AVEN (protocol number: 747/2023/DISP).

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
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
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1.  GBD 2021 Low Back Pain Collaborators. Global, regional, and
national burden of low back pain, 1990-2020, its attributable risk
factors, and projections to 2050: a systematic analysis of the Global
Burden of Disease Study 2021. Lancet Rheumatol. 2023;5:¢316—
29. https://doi.org/10.1016/S2665-9913(23)00098-X.

2. Park J-H, Jang JN, Park S, Choi Y-S, Ryu DK, Miah R, et al.
Pulsed radiofrequency of lumbar dorsal root ganglion versus epi-
dural neuroplasty for lumbar radicular pain: a systematic review
and network meta-analysis. Reg Anesth Pain Med. 2025. https://d
oi.org/10.1136/rapm-2025-106723. ;rapm-2025-106723.

3. Lin F-Y, Huang K-F, Chen J-C, Lai M-F, Ma K-H, Yeh C-C. The
Clinical Application of Pulsed Radiofrequency Induces Inflam-
matory Pain via MAPKs Activation: A Novel Hint for Pulsed
Radiofrequency Treatment. Int J Mol Sci. 2021;22:11865. https
://doi.org/10.3390/ijms222111865.

4. Leoni MLG, Schatman ME, Demartini L, Lo Bianco G, Ter-
ranova G. Genicular Nerve Pulsed Dose Radiofrequency (PDRF)
Compared to Intra-Articular and Genicular Nerve PDRF in Knee
Osteoarthritis Pain: A Propensity Score-Matched Analysis. J Pain
Res. 2020;13:1315-21. https://doi.org/10.2147/JPR.S240138.

10.

11.

14.

15.

16.

17.

18.

Erdine S, Bilir A, Cosman ER, Cosman ER. Ultrastructural
changes in axons following exposure to pulsed radiofrequency
fields. Pain Pract Off J World Inst Pain. 2009;9:407—17. https://d
oi.org/10.1111/j.1533-2500.2009.00317..x.

Vallejo R, Tilley DM, Williams J, Labak S, Aliaga L, Benya-
min RM. Pulsed radiofrequency modulates pain regulatory
gene expression along the nociceptive pathway. Pain Physician.
2013;16:E601-613.

Varrassi G, Leoni MLG, Fari G, Al-Alwany AA, Al-Sharie S, For-
nasari D. Neuromodulatory Signaling in Chronic Pain Patients: A
Narrative Review. Cells. 2025;14:1320. https://doi.org/10.3390/c
ells14171320.

Xu X, ChenR, YuY, Yang J, Lin C, Liu R. Pulsed radiofrequency
on DRG inhibits hippocampal neuroinflammation by regulating
spinal GRK2/p38 expression and enhances spinal autophagy to
reduce pain and depression in male rats with spared nerve injury.
Int Immunopharmacol. 2024;127:111419. https://doi.org/10.1016
/j.intimp.2023.111419.

Facchini G, Spinnato P, Guglielmi G, Albisinni U, Bazzocchi A.
A comprehensive review of pulsed radiofrequency in the treat-
ment of pain associated with different spinal conditions. Br J
Radiol. 90:20150406. https://doi.org/10.1259/bjr.20150406
Yoon YM, Han SR, Lee SJ, Choi CY, Sohn MJ, Lee CH. The Effi-
cacy of Pulsed Radiofrequency Treatment of Cervical Radicular
Pain Patients. Korean J Spine. 2014;11:109-12. https://doi.org/10
.14245/kjs.2014.11.3.109.

Waicus S, Bhambra N. Pulsed Radiofrequency Treatment of the
Dorsal Root Ganglion in Patients with Chronic Neuropathic Pain:
A Narrative Review. Indian J Pain. 2022;36:75. https://doi.org/10
4103/ijpn.ijpn_79 21.

Malik K, Benzon HT. Pulsed radiofrequency: a critical review of
its efficacy. Anaesth Intensive Care. 2007;35:863—73. https://doi.
org/10.1177/0310057X0703500603.

. Van Boxem K, Huntoon M, Van Zundert J, Patijn J, van Kleef

M, Joosten EA. Pulsed radiofrequency: a review of the basic sci-
ence as applied to the pathophysiology of radicular pain: a call
for clinical translation. Reg Anesth Pain Med. 2014;39:149-59.
https://doi.org/10.1097/AAP.0000000000000063.

Occhigrossi F, Carpenedo R, Leoni MLG, Varrassi G, Chin¢ E,
Cascella M, et al. Delphi-Based Expert Consensus Statements
for the Management of Percutaneous Radiofrequency Neurotomy
in the Treatment of Lumbar Facet Joint Syndrome. Pain Ther.
2023;12:863—77. https://doi.org/10.1007/s40122-023-00512-2.
Han SR, Lee B-J, Koo H-W, Yoon SW, Choi CY, Sohn M-J, et al.
The efficacy and successful factors of pulsed radiofrequency treat-
ment of lumbosacral radicular pain patients. Interdiscip Neurosurg.
2021;24:101096. https://doi.org/10.1016/j.inat.2021.101096.

Kim SJ, Park SJ, Yoon DM, Yoon KB, Kim SH. Predictors of the
analgesic efficacy of pulsed radiofrequency treatment in patients
with chronic lumbosacral radicular pain: a retrospective observa-
tional study. J Pain Res. 2018;11:1223-30. https://doi.org/10.214
7/JPR.S164414.

Peng Z, Guo J, Zhang Y, Guo X, Huang W, Li Y, et al. Develop-
ment of a Model for Predicting the Effectiveness of Pulsed Radio-
frequency on Zoster-Associated Pain. Pain Ther. 2022;11:253-67.
https://doi.org/10.1007/s40122-022-00355-3.

Opioid National Drug Code and Oral MME Conversion File
Update | Opioids | CDC [Internet]. 2023 [cited 2025 Dec 15]. http
s://archive.cdc.gov/www_cdc_gov/opioids/data-resources/index.
html. Accessed 15 Dec 2025.

Leoni MLG, Micheli F, Abbott DM, Cascella M, Varrassi G, San-
sone P, et al. Transforaminal Steroid Injection After Dorsal Root
Ganglion Pulsed Radiofrequency (DRG-PRF): Impact on Pain
Intensity and Disability. Pain Ther. 2024;13:1271-85. https://do
i.org/10.1007/s40122-024-00639-w.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S2665-9913(23)00098-X
https://doi.org/10.1136/rapm-2025-106723
https://doi.org/10.1136/rapm-2025-106723
https://doi.org/10.3390/ijms222111865
https://doi.org/10.3390/ijms222111865
https://doi.org/10.2147/JPR.S240138
https://doi.org/10.1111/j.1533-2500.2009.00317.x
https://doi.org/10.1111/j.1533-2500.2009.00317.x
https://doi.org/10.3390/cells14171320
https://doi.org/10.3390/cells14171320
https://doi.org/10.1016/j.intimp.2023.111419
https://doi.org/10.1016/j.intimp.2023.111419
https://doi.org/10.1259/bjr.20150406
https://doi.org/10.14245/kjs.2014.11.3.109
https://doi.org/10.14245/kjs.2014.11.3.109
https://doi.org/10.4103/ijpn.ijpn_79_21
https://doi.org/10.4103/ijpn.ijpn_79_21
https://doi.org/10.1177/0310057X0703500603
https://doi.org/10.1177/0310057X0703500603
https://doi.org/10.1097/AAP.0000000000000063
https://doi.org/10.1007/s40122-023-00512-2
https://doi.org/10.1016/j.inat.2021.101096
https://doi.org/10.2147/JPR.S164414
https://doi.org/10.2147/JPR.S164414
https://doi.org/10.1007/s40122-022-00355-3
https://archive.cdc.gov/www_cdc_gov/opioids/data-resources/index.html
https://archive.cdc.gov/www_cdc_gov/opioids/data-resources/index.html
https://archive.cdc.gov/www_cdc_gov/opioids/data-resources/index.html
https://doi.org/10.1007/s40122-024-00639-w
https://doi.org/10.1007/s40122-024-00639-w

110

Page 14 of 15

Current Pain and Headache Reports (2026) 30:110

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Collins GS, Reitsma JB, Altman DG, Moons KGM. Transpar-
ent Reporting of a Multivariable Prediction Model for Individual
Prognosis or Diagnosis (TRIPOD). Circulation. 2015;131:211-9.
https://doi.org/10.1161/CIRCULATIONAHA.114.014508.

Park S, Park J-H, Jang JN, Choi S-I, Song Y, Kim YU, et al. Pulsed
radiofrequency of lumbar dorsal root ganglion for lumbar radicular
pain: A systematic review and meta-analysis. Pain Pract Off ] World
Inst Pain. 2024;24:772-85. https://doi.org/10.1111/papr.13351.

Lin W, Lou L, Chu D, Lv Y, Tian L, Wang B. Efficacy of pulsed
radiofrequency stimulation in patients with chronic pain: a nar-
rative review. Front Pain Res Lausanne Switz. 2025;6:1544909.
https://doi.org/10.3389/fpain.2025.1544909.

Waardenburg S, de Meij N, Brouwer B, Van Zundert J, van Kuijk
SMJ. Clinical important improvement of chronic pain patients
in randomized controlled trials and the DATAPAIN cohort. Pain
Pract Off ] World Inst Pain. 2022;22:349-58. https://doi.org/10.1
111/papr.13089.

Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal
clinically important changes in chronic musculoskeletal pain inten-
sity measured on a numerical rating scale. Eur J Pain Lond Engl.
2004;8:283-91. https://doi.org/10.1016/j.ejpain.2003.09.004.
Farrar JT, Young JP, LaMoreaux L, Werth JL, Poole MR. Clini-
cal importance of changes in chronic pain intensity measured on
an 11-point numerical pain rating scale. Pain. 2001;94:149-58.
https://doi.org/10.1016/S0304-3959(01)00349-9.

Van Boxem K, de Meij N, Kessels A, Van Kleef M, Van Zundert
J. Pulsed radiofrequency for chronic intractable lumbosacral
radicular pain: a six-month cohort study. Pain Med Malden Mass.
2015;16:1155-62. https://doi.org/10.1111/pme.12670.

Yuba T, Koyama Y, Uematsu H, Takahashi A, Matsuda Y, Fujino
Y, et al. Elucidation of the treatment mechanism of pulsed radio-
frequency based on its antiinflammatory effects. Sci Rep Nat Pub-
lishing Group. 2025;15:33611. https://doi.org/10.1038/s41598-0
25-19045-z.

Morasco BJ, Yarborough BJ, Smith NX, Dobscha SK, Deyo RA,
Perrin NA, et al. Higher Prescription Opioid Dose is Associated
With Worse Patient-Reported Pain Outcomes and More Health
Care Utilization. J Pain. 2017;18:437—45. https://doi.org/10.1016
/j.jpain.2016.12.004.

Sharan AD, Riley J, Falowski S, Pope JE, Connolly AT, Karst E,
et al. Association of Opioid Usage with Spinal Cord Stimulation
Outcomes. Pain Med Malden Mass. 2018;19:699-707. https://do
1.org/10.1093/pm/pnx262.

Nissen M, Ikdheimo T-M, Huttunen J, Leinonen V, Jyrkkénen.
H-K, von Und Zu Fraunberg M. Higher Preimplantation Opioid
Doses Associated With Long-Term Spinal Cord Stimulation Fail-
ure in 211 Patients With Failed Back Surgery Syndrome. Neuro-
modulation J Int Neuromodulation Soc. 2021;24:102—11. https://
doi.org/10.1111/ner.13297.

Heikkila H, Ristmagi A. Effect of Opioid Use on Results of
Interventional Back Pain Management on Patients With Sus-
pected Face-mediated Chronic Back Pain. Pain Physician.
2022;25:E733-8.

Gazzeri R, Castrucci T, Leoni MLG, Mercieri M, Occhigrossi F.
Spinal Cord Stimulation for Intractable Chronic Limb Ischemia:
A Narrative Review. J Cardiovasc Dev Dis. 2024;11:260. https://
doi.org/10.3390/jcdd11090260.

Markman JD, Rhyne AL, Sasso RC, Patel AA, Hsu WK, Fischgr-
und JS, et al. Association Between Opioid Use and Patient-Reported
Outcomes in a Randomized Trial Evaluating Basivertebral Nerve
Ablation for the Relief of Chronic Low Back Pain. Neurosurgery.
2020;86:343-7. https://doi.org/10.1093/neuros/nyz093.

Dowell D, CDC Clinical Practice Guideline for Prescribing Opi-
oids for Pain — United States., 2022. MMWR Recomm Rep
[Internet]. 2022 [cited 2025 Dec 15];71. https://doi.org/10.1558
S/mmwr.rr7103al

Springer

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Varrassi G, Gudez-Santos MD, Hanna M, Kocot-Kepska M,
Montero Matamala A, Narvaez Tamayo MA, et al. The Role of
Dexketoprofen/Tramadol in Multimodal Therapy to Prevent
Acute Postsurgical and Acute Low Back Pain from Developing
into Chronic Pain: A Delphi Consensus Study. Pain Ther. 2025.
https://doi.org/10.1007/s40122-025-00786-8.

Ellerbroek H, Kalkman GA, Kramers C, Schellekens AFA, van
den Bemt BJF. Pharmacological Strategies to Decrease Long-
Term Prescription Opioid Use: A Systematic Review. J Clin Med
Multidisciplinary Digit Publishing Inst. 2024;13:7770. https://
doi.org/10.3390/jcm13247770.

Christelis N, Simpson B, Russo M, Stanton-Hicks M, Barolat G,
Thomson S, et al. Persistent Spinal Pain Syndrome: A Proposal
for Failed Back Surgery Syndrome and ICD-11. Pain Med Off J
Am Acad Pain Med. 2021;22:807—18. https://doi.org/10.1093/pm
/pnab015.

Goudman L, Russo M, Pilitsis JG, Eldabe S, Duarte RV, Billot
M, et al. Treatment modalities for patients with Persistent Spinal
Pain Syndrome Type II: A systematic review and network meta-
analysis. Commun Med. 2025;5:63. https://doi.org/10.1038/s438
56-025-00778-x.

Naiditch N, Billot M, Moens M, Goudman L, Cornet P, Le Breton
D, et al. Persistent Spinal Pain Syndrome Type 2 (PSPS-T2), a
Social Pain? Advocacy for a Social Gradient of Health Approach
to Chronic Pain. J Clin Med Multidisciplinary Digit Publishing
Inst. 2021;10:2817. https://doi.org/10.3390/jcm10132817.

Wu Q, Cui X, Guan LC, Zhang C, Liu J, Ford NC, et al. Chronic
pain after spine surgery: Insights into pathogenesis, new treat-
ment, and preventive therapy. J Orthop Transl. 2023;42:147-59.
https://doi.org/10.1016/j.j0t.2023.07.003.

Erken B, Yolcu G, Saracoglu TT. Efficacy of Epidural Pulsed
Radiofrequency Treatment in Persistent Spinal Pain Syndrome: A
Prospective Clinical Study. Pain Res Manag. 2025;2025:6200102.
https://doi.org/10.1155/prm/6200102.

Urits I, Schwartz RH, Brinkman J, Foster L, Miro P, Berger
AA, et al. An Evidence Based Review of Epidurolysis for the
Management of Epidural Adhesions. Psychopharmacol Bull.
2020;50:74-90. https://doi.org/10.64719/pb.4383.

Leoni MLG, Occhigrossi F, Tenti M, Raffaeli W, ISAL Research
Study Group. Endoscopic Epidurolysis for the Management of
Chronic Spinal Pain: A Delphi-Based Italian Experts Consensus.
Pain Ther. 2025;14:339-57. https://doi.org/10.1007/s40122-024-
00695-2.

Jandura J, Vajda M, Kostysyn R, Vanasek J, Cermakova E, Zizka
J, et al. Previous Lumbar Spine Surgery Decreases the Therapeu-
tic Efficacy of Dorsal Root Ganglion Pulsed Radiofrequency in
Patients with Chronic Lumbosacral Radicular Pain. J Pers Med.
2023;13:1054. https://doi.org/10.3390/jpm13071054.
Tiirky1lmaz GG. Factors associated with treatment success after
combined transforaminal epidural steroid injection and dorsal
root ganglion pulsed radiofrequency treatment in patients with
chronic lumbar radicular pain. Turk J Med Sci. 2022;52:1241-8.
https://doi.org/10.55730/1300-0144.5429.

Jang JN, Park S, Park J-H, Choi Y-S, Park S. Efficacy of pulsed
radiofrequency treatment duration to the lumbar dorsal root gan-
glion in lumbar radicular pain: a double-blind randomized con-
trolled trial. Reg Anesth Pain Med. 2025. https://doi.org/10.1136/
rapm-2025-106908. ;rapm-2025-106908.

Lewik G, Lewik G, Miiller LS, von Glinski A, Schulte TL, Lange
T. Postoperative Epidural Fibrosis: Challenges and Opportunities
- A Review. Spine Surg Relat Res. 2024;8:133—42. https://doi.org
/10.22603/ss11.2023-0106.

Bosscher HA, Heavner JE. Incidence and severity of epidural
fibrosis after back surgery: an endoscopic study. Pain Pract Off J
World Inst Pain. 2010;10:18-24. https://doi.org/10.1111/j.1533-2
500.2009.00311.x.


https://doi.org/10.1161/CIRCULATIONAHA.114.014508
https://doi.org/10.1111/papr.13351
https://doi.org/10.3389/fpain.2025.1544909
https://doi.org/10.1111/papr.13089
https://doi.org/10.1111/papr.13089
https://doi.org/10.1016/j.ejpain.2003.09.004
https://doi.org/10.1016/S0304-3959(01)00349-9
https://doi.org/10.1111/pme.12670
https://doi.org/10.1038/s41598-025-19045-z
https://doi.org/10.1038/s41598-025-19045-z
https://doi.org/10.1016/j.jpain.2016.12.004
https://doi.org/10.1016/j.jpain.2016.12.004
https://doi.org/10.1093/pm/pnx262
https://doi.org/10.1093/pm/pnx262
https://doi.org/10.1111/ner.13297
https://doi.org/10.1111/ner.13297
https://doi.org/10.3390/jcdd11090260
https://doi.org/10.3390/jcdd11090260
https://doi.org/10.1093/neuros/nyz093
https://doi.org/10.15585/mmwr.rr7103a1
https://doi.org/10.15585/mmwr.rr7103a1
https://doi.org/10.1007/s40122-025-00786-8
https://doi.org/10.3390/jcm13247770
https://doi.org/10.3390/jcm13247770
https://doi.org/10.1093/pm/pnab015
https://doi.org/10.1093/pm/pnab015
https://doi.org/10.1038/s43856-025-00778-x
https://doi.org/10.1038/s43856-025-00778-x
https://doi.org/10.3390/jcm10132817
https://doi.org/10.1016/j.jot.2023.07.003
https://doi.org/10.1155/prm/6200102
https://doi.org/10.64719/pb.4383
https://doi.org/10.1007/s40122-024-00695-2
https://doi.org/10.1007/s40122-024-00695-2
https://doi.org/10.3390/jpm13071054
https://doi.org/10.55730/1300-0144.5429
https://doi.org/10.1136/rapm-2025-106908
https://doi.org/10.1136/rapm-2025-106908
https://doi.org/10.22603/ssrr.2023-0106
https://doi.org/10.22603/ssrr.2023-0106
https://doi.org/10.1111/j.1533-2500.2009.00311.x
https://doi.org/10.1111/j.1533-2500.2009.00311.x

Current Pain and Headache Reports

(2026) 30:110

Page 150f 15 110

49.

50.

51.

52.

53.

54.

55.

Lanini I, Amass T, Calabrisotto CS, Fabbri S, Falsini S, Adembri
C, et al. The influence of psychological interventions on surgi-
cal outcomes: a systematic review. J Anesth Analg Crit Care.
2022;2:31. https://doi.org/10.1186/s44158-022-00057-4.

Sluijter ME. The role of radiofrequency in failed back surgery
patients. Curr Rev Pain. 2000;4:49-53. https://doi.org/10.1007/s1
1916-000-0009-3.

Jorge D, de MF, Rohof O, Jorge MBF, Teixeira A, de Oliveira
CA, Sobreiro P, et al. A Transcutaneous Randomized Pulsed
Radiofrequency Application for Spine Pain Conditions: A Case
Series. J Funct Morphol Kinesiol. 2025;10:242. https://doi.org/10
.3390/jfmk10030242.

Varrassi G, Fari G, Narvaez Tamayo MA, Gomez MP, Guerrero
Lifieiro AM, Pereira CL, et al. Mixed pain: clinical practice rec-
ommendations. Front Med. 2025;12:1659490. https://doi.org/10.
3389/fmed.2025.1659490.

Lad SP, Petraglia FW, Kent AR, Cook S, Murphy KR, Dalal N, et
al. Longer Delay From Chronic Pain to Spinal Cord Stimulation
Results in Higher Healthcare Resource Utilization. Neuromodu-
lation J Int Neuromodulation Soc. 2016;19:469-76. https://doi.or
2/10.1111/ner.12389.

Low WX, Sehmbi A, Shabani F, Shetty N, Mohammad S,
Mohammad HR. The effect of symptom duration on the outcomes
of lumbar discectomy for radicular pain secondary to lumbar disc
herniation: a systematic review and meta-analysis. Eur Spine J
Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv
Spine Res Soc. 2025;34:3996-4009. https://doi.org/10.1007/s00
586-025-08912-y.

Gazzeri R, Mosca J, Occhigrossi F, Galarza M, Schiaffini R,
Varrassi G, et al. Spinal Cord Stimulation in Painful Diabetic

56.

57.

58.

59.

60.

Neuropathy: Advances, Outcomes, and Future Directions. Bio-
medicines Multidisciplinary Digit Publishing Inst. 2025;13:3063.
https://doi.org/10.3390/biomedicines13123063.

Cohen SP, Hurley RW, Christo PJ, Winkley J, Mohiuddin MM,
Stojanovic MP. Clinical predictors of success and failure for lum-
bar facet radiofrequency denervation. Clin J Pain. 2007;23:45—
52. https://doi.org/10.1097/01.ajp.0000210941.04182.ca.
Jackson KL, Rumley J, Griffith M, Agochukwu U, DeVine J. Cor-
relating Psychological Comorbidities and Outcomes After Spine
Surgery. Glob Spine J. 2020;10:929-39. https://doi.org/10.1177/2
192568219886595.

Mercieri M, Leoni MLG, Naccarato A, Viswanath O, Sarmi SSA,
Varrassi G, et al. Prognostic Value of Minnesota Multiphasic Per-
sonality Inventory-2 (MMPI-2) Profiles in Predicting Outcomes
of Occipital Nerve Stimulation for Refractory Chronic Migraine:
A Retrospective Bias-Corrected Multivariable Analysis. Curr
Pain Headache Rep. 2025;29:90. https://doi.org/10.1007/s1191
6-025-01401-3.

Sehgal N, Manchikanti L, Smith HS. Prescription opioid abuse in
chronic pain: a review of opioid abuse predictors and strategies to
curb opioid abuse. Pain Physician. 2012;15:ES67-92.

Yildiz G, Goksu H, Akcaboy EY, Celik S, Ayhan MY, Kaya SS.
Does transforaminal epidural steroid injection added to dorsal
root ganglion pulsed radiofrequency treatment increase efficacy?
Turk J Phys Med Rehabil. 2024;70:390—-6. https://doi.org/10.560
6/tftrd.2024.13479.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1186/s44158-022-00057-4
https://doi.org/10.1007/s11916-000-0009-3
https://doi.org/10.1007/s11916-000-0009-3
https://doi.org/10.3390/jfmk10030242
https://doi.org/10.3390/jfmk10030242
https://doi.org/10.3389/fmed.2025.1659490
https://doi.org/10.3389/fmed.2025.1659490
https://doi.org/10.1111/ner.12389
https://doi.org/10.1111/ner.12389
https://doi.org/10.1007/s00586-025-08912-y
https://doi.org/10.1007/s00586-025-08912-y
https://doi.org/10.3390/biomedicines13123063
https://doi.org/10.1097/01.ajp.0000210941.04182.ea
https://doi.org/10.1177/2192568219886595
https://doi.org/10.1177/2192568219886595
https://doi.org/10.1007/s11916-025-01401-3
https://doi.org/10.1007/s11916-025-01401-3
https://doi.org/10.5606/tftrd.2024.13479
https://doi.org/10.5606/tftrd.2024.13479

	﻿Predictors of Treatment Success Following Pulsed Radiofrequency of the Lumbar Dorsal Root Ganglion: A Multivariable Prediction Model with Clinical Nomogram
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study Design and Patient Population

	﻿Data Collection
	﻿DRG-PRF Procedure
	﻿Statistical Analysis

	﻿Results
	﻿Correlation Analysis

	﻿Multivariable Logistic Regression Model
	﻿ROC Curve Analysis
	﻿Calibration Analysis
	﻿Nomogram Development and Prediction Formula

	﻿Discussion
	﻿Limitations
	﻿Future Research Directions, Clinical Implications and Recommendations

	﻿Conclusion
	﻿Key References
	﻿References


