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Abstract
Objectives ‒ Low back pain is a common musculoskeletal
complaint and while prognosis is usually favorable, some
patients experience persistent pain despite conservative
treatment and invasive treatment to target the root cause
of the pain may be necessary. The aim of this study is to

evaluate patient outcomes after treatment of lumbar radi-
culopathy (LR) with quantum molecular resonance radio-
frequency coblation disc decompression and percutaneous
microdiscectomy with grasper forceps (QMRG).
Methods ‒ This prospective cohort study was carried out
in two Spanish hospitals on 58 patients with LR secondary
to a contained hydrated lumbar disc hernia or lumbar disc
protrusion of more than 6 months of evolution, which per-
sisted despite conservative treatment with analgesia, reha-
bilitation, and physiotherapy, and/or epidural block, in the
previous 2 years. Patients were treated with QMRG and the out-
comes were measured mainly using the Douleur Neuropathique
en 4 Questions, Numeric Rating Scale, Oswestry Disability Index,
SF12: Short Form 12 Health Survey, Patient Global Impression of
Improvement, Clinical Global Impression of Improvement, and
Medical Outcomes Study Sleep Scale.
Results ‒ Patients who received QMRG showed signifi-
cant improvement in their baseline scores at 6 months
post-treatment. The minimal clinically important difference
(MCID) threshold was met by 26–98% of patients, depending
on the outcomemeasure, for non-sleep-related outcomes, and
between 17 and 62% for sleep-related outcome measures. Of
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the 14 outcome measures studied, at least 50% of the patients
met the MCID threshold in 8 of them.
Conclusion ‒ Treatment of LR with QMRG appears to be
effective at 6 months post-intervention.

Keywords: lumbar radiculopathy, nucleoplasty, prospec-
tive cohort, quantum molecular resonance, radiofrequency
coblation

1 Introduction

Disc herniation can occur in any intervertebral disc. However,
lumbar discs account for approximately 90–95% of cases [1].
The worldwide prevalence of symptomatic lumbar herniated
disc (HD) ranges from 1 to 3%, depending on sex and age [2–11].
The highest prevalence is seen in male patients between the
ages of 30 and 50 [12]. In patients under 55 years old, around
95% of the HDs are located at the L4-L5 level, while in those
over 55 years old, HDs are more commonly found above the
L4-L5 level [13].

Lumbar radiculopathy (LR) is a condition of the nerve
roots in the lower back in the area where they leave the
spine, which can cause pain, numbness, or weakness in the
lower back, buttock, and down the leg [14]. The most
common causes of LR are HD with nerve compression,
foraminal stenosis, diabetes, nerve root injuries, and scar
tissue [14–16]. Posterior degeneration of the annulus fibrosus
of the intervertebral disc with the migration of nuclear mate-
rial through a fissure in the annulus ormigration of a nucleus
fragment, which protrudes posteriorly with or without com-
pression of neurological structures, such as the spinal cord or
the emerging root towards the foramen, may be the cause of
secondary LR.

Common treatment options for LR include the use of
NSAIDs, corticosteroids or opiates, different physical therapy
techniques, epidural or nerve blocks, and radiofrequency.
None of the aforementioned options address the root cause
of the pain, and they are solely aimed at eliminating or redu-
cing the pain. This is due to the fact that the prognoses
for lumbar disc herniation and LR are generally favorable,
and inmany cases invasive treatment targeting the root cause
is not needed. Discectomy can be an effective treatment for
lumbar and radicular pain in up to 75–80% of the cases, but
pain recurrence has been reported between 3 and 18% after
the procedure, and disc height is lost 63% of the time [17].

Among the treatment options available that do address
the root cause of the pain are percutaneous discectomy
and microdiscectomy. These decompressive techniques,
that relieve the pressure in the disc tissue, are a minimally
invasive, effective, and safe alternative [18–20].

Quantum molecular resonance (QMR) radiofrequency
coblation [1] disc decompression and percutaneous micro-
discectomy with Grasper© forceps (QMRG) is an example of
a combined treatment option and the subject of this study.
The Resadisc® bipolar device (Vertical S.r.l., Spresiano, Italy)
used in the intervention bases its operating principle on an
innovative high-frequency QMR technology. According to the
QMR principle, the energy is transmitted to the tissue packed
into quanta, capable of breaking the molecular bonds of the
nucleus pulposus in the biological tissue and allows disc
decompression, avoiding the development of high tempera-
ture. It is combined with a percutaneous microdiscectomy
with Grasper© forceps [21].

The aim of this study is to evaluate patient outcomes
after treatment of LR with QMRG.

2 Materials and methods

This study is a prospective cohort study that follows an
intervention.

2.1 Ethics

Approval (registration number 2021-341-1) for the research
described was obtained from the “Comité de Ética de la
Investigación con medicamentos del Instituto de Investigación
Sanitaria La Fe” presided by Dr. Adela Cañete Nieto in Avenida
Fernando Abril Martorell, 106 Torre A 7ª planta, 46026 Valencia
(Spain) on the 9th of June 2021. The study adheres to the prin-
ciples outlined in the Declaration of Helsinki for all human
experimental investigations. Verbal and written informed con-
sents were obtained from all patients prior to their inclusion in
the study.

2.2 Patients

The initial diagnostic and treatment criteria for inclusion
in this study were that the patient must be over 18 years of
age and be affected with LR secondary to a L4-L5 contained
hydrated lumbar disc hernia or lumbar disc protrusion of
more than 6 months of evolution, persistent despite con-
servative treatmentwith analgesia (pregabalin, gabapentin, ami-
triptyline, duloxetine, and minor analgesics such as NSAIDs and
paracetamol), rehabilitation and physiotherapy, and/or epidural
block (transforaminal epidural blocks of the affected root under
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fluoroscopy with levobupivacaine and betamethasone/
dexamethasone) in the previous 2 years. Patients that
presented discogenic pain in addition to the secondary
LR were excluded.

The next step was the identification of all patients that
met the given criteria and could potentially be included in
this study in the hospital database. The database search
and patient identification process yielded a total of 64 can-
didate patients. Once identified, these patients were con-
tacted and received detailed information about the study,
including the intervention and what data would be col-
lected and how it would be treated. Patients who agreed
to participate signed and dated the informed consent
before being included in the study. Three patients were
unreachable, and two did not consent to participate, leaving
the sample with 59 patients. At this point, the sample of 59
patients was considered to meet all the inclusion criteria,
which, apart from the aforementioned diagnostic and treat-
ment criteria, included the following:
1. The patient confirmed that they understand the infor-

mation about the study and expressed their willingness to
participate in it by signing the corresponding informed
consent form.

2. The patient could and was willing to meet all study
requirements.

After informed consent was received, and all the rele-
vant medical data were collected from the patients’ med-
ical records, these were reviewed to ensure that none of
the patients met any of the exclusion criteria listed below.
Patients were excluded if they met any of the following
criteria:
1. The patient was immunosuppressed.
2. The patient had a history of cancer and had required

active treatment starting from 6 months prior to the
intervention to 6 months post-intervention.

3. The patient had a documented history of substance
abuse (narcotics, alcohol, etc.) or substance depen-
dence starting from 6 months prior to the intervention
to 6 months post-intervention.

4. The patient had a systemic infection at the time of the
intervention.

5. The patient was currently pregnant or was pregnant at
any point during the study period.

6. The patient was already participating in other clinical
research with an active treatment group.

7. The patient had severe neurological or psychiatric
pathology.

8. The patient had received prior treatment by discectomy
or percutaneous microdiscectomy, with or without a disc
prosthesis.

9. The patient was treated with anticoagulant therapy
starting from 6 months prior to the intervention to 6
months post-intervention.

10. The patient had an active skin infection in the access
area of the technique at the time of intervention.

Of the 59 patients that met the inclusion criteria, one
met any of the exclusion criteria, and therefore the final
sample consisted of 58 patients. Patients then underwent
treatment with QMRG and completed a 6-month follow-up
with the Multidisciplinary Pain Management Unit of the La
Fe University and Polytechnic Hospital in Valencia (MPMU).

2.3 Device and intervention

The device and intervention have been extensively described
in a previous publication. For full details, see Canós-Verdecho
et al. [21]. Intervention dates were from 8th July 2021 to 9th
December 2021 and final follow-up was completed in
June 2022.

2.4 Outcome measures

The intervention protocol for this study, followed at the
MPMU, stipulated that the patient’s evolution would be
evaluated using several questionnaires and scales (listed
below) before the day of intervention and at 1 month,
3 months, and 6 emonths post-intervention. The specialists
at the MPMU prospectively collected and recorded these
data both before and after the intervention. Additionally,
any adverse effects were recorded in the patients’ medical
history if they occurred.
1. DN4: Douleur Neuropathique en 4 Questions
2. NRS: Numeric Rating Scale
3. ODI: Oswestry Disability Index
4. SF-12: Short Form 12 Health Surveys
5. PGI: Patient Global Impression of Improvement
6. CGI: Clinical Global Impression of Improvement
7. MOS: Medical Outcomes Study Sleep Scale

The MOS Sleep Scale is composed of 12 items and
results are presented grouped into five subscales (sleep
disturbance [SLPD 4], snoring [SLPSNR1], awakening short
of breath or with a headache [SLPSOB1], sleep adequacy
[SLPA2], and somnolence [SLPS3]) and two indexes (SLP6
and SLP9). Each subscale and index score is generated by
averaging specific MOS items: SLPD 4 (1, 3, 7, and 8),

Usefulness of QMRG for treatment of lumbar radiculopathy  3



SLPSNR1 [10], SLPSOB1 [5], SLPA2 (4 and 12), SLPS3 (6, 9,
and 11), SLP6 (4, 5, 7, 8, 9, and 12), and SLP9 (1, 3, 4, 5, 6, 7, 8,
9, and 12).

The minimal clinically important difference (MCID) is
the smallest change considered important or notable by
the patient. It is a patient-centered concept that captures
the magnitude of change, which can be positive or nega-
tive, and the value patients place on this change [22–25].
MCID values vary depending on the patient, clinical con-
text, and estimation method [26]; however, some outcome
measures do have previously established and recognized
MCIDs.

For outcome measures of chronic pain such as DN4 or
NRS, a two-point (ten-point scale) or 30% improvement is
considered the MCID [27]. The MCID for the ODI used in
previous studies ranges from 4 to 15 points [28–31]. In this
study, the ODI MCID has been set at 10 points as a compro-
mise. When it comes to the SF-12 mental and physical com-
ponent scores, >3.77 in MCS and >3.29 in PCS (normalized
100-point scale) have been established as the MCIDs in
patients suffering from chronic lower back pain [32]. Given
its sensitivity and strong correlation with patient satisfac-
tion [33], a change of 1 in PGI is generally accepted as the
MCID [34–36]. A previous study has established an MCID
threshold for sleep-related outcomes measured using the
MOS Sleep Scale scores (100-point scale) at ≥6.41 [37].

2.5 Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows, Version 26.0 (IBM Corp. Armonk, NY). Descriptive
statistics were used to summarize the demographic variables
(mean age and gender) and other medical variables

(concomitant diseases). For quantitative data, mean
value and standard deviation were reported for

Table 1: Baseline characteristics of the patients

Characteristics QMRG
n = 58 P-value*

Age (years) at enrolment Mean
value ± SD (range)

51.20 ± 10.73
(32.00–75.00)

—

Sex n (%) 0.094
Male 34 (57.6)
Female 24 (40.7)
BASAL_DN4 Mean value ± SD
(Range)

4.42 ± 1.23 (0–7) —

Marital status n (%) 0.001
Single 7 (11.9)
Married 32 (54.2)
Widowed 1 (1.7)
Divorced 5 (8.5)
Education n (%) 0.003
None 1 (1.7)
Primary 14 (23.7)
Secondary 19 (32.2)
Tertiary 11 (18.6)
Employment n (%) 0.002
Employed 22 (37.3)
Unemployed 1 (1.7)
Retired 8 (13.6)
Homemaker 3 (5.1)
Sick leave 4 (6.8)
Work disabled 7 (11.9)
Stress n (%) 0.663
Yes 21 (35.6)
No 24 (40.7)

*P-value < 0.05 considered statistically significant.
SD: standard deviation; QMRG: quantum molecular resonance radiofre-
quency coblation and percutaneous microdiscectomy with grasper
forceps.

Table 2: Mean patient scores for NRS, ODI, SF12, PGI, and CGI

Pre-treatment 1 month 3 months 6 months P-value *†
Mean value ± SD (range) Mean value ± SD (range) Mean value ± SD (range) Mean value ± SD (range)

NRS 8.06 ± 1.25 (5–10) 5.28 ± 2.65 (0–10) 5.22 ± 2.74 (0–10) 5.26 ± 2.84 (0–10) 0.001
ODI 48.60 ± 14.28 (18–72) 37.32 ± 19.89(0–70) 35.21 ± 20.66 (0–70) 34.56 ± 20.19 (0–68) 0.001
SF12 Physical 20.36 ± 18.55 (0–87.50) 38.44 ± 28.55 (0–91.70) 39.78 ± 30.42 (4.20–100.0) 41.45 ± 30.76 (4.20–100.0) 0.009
SF12 Mental 40.22 ± 21.44 (10.0–85.80) 55.70 ± 26.73 (14.20–96.70) 55.17 ± 25.93 (14.50–96.70) 56.14 ± 26.14 (21.70–100.0) 0.001
SF12 Total 30.16 ± 17.44 (5.0–85.40) 46.66 ± 25.34 (11.30–94.20) 47.49 ± 26.29 (11.40–96.70) 47.44 ± 25.94 (15.80–96.70) 0.001
PGI 4.0 ± 0.0 (4–4) 2.79 ± 1.19 (1–5) 2.78 ± 1.22 (1–5) 2.84 ± 1.28 (1–5) 0.001
CGI 3.0 ± 0.0 (3–3) 2.04 ± 0.91 (1–4) 1.97 ± 0.99 (1–4) 2.07 ± 1.06 (1–4) 0.001

*P-value <0.05 considered statistically significant.
†Comparison between different follow-up stage score trends.
SD: standard deviation; NRS: Numeric Rating Scale; ODI: Oswestry Disability Index; SF12: Short Form 12 Health Survey; PGI: Patient Global Impression
of Improvement; CGI: Clinical Global Impression of Improvement.

4  Ángeles Canós-Verdecho et al.



variables with normal distribution, while minimum and
maximum ranges were reported for variables without
normal distribution. Qualitative variables were presented as
relative and absolute frequencies. Inferential statistics were
used to determine the level of statistical significance of the
results. Fisher’s exact test and paired t-test were used, with a
significance level set at p < 0.05.

3 Results

Fifty-eight of the initial 64 patients (90.6%) met the estab-
lished inclusion/exclusion criteria. These patients consti-
tuted the single cohort included in the study. In the 58
patients studied, no relevant complications related to the
intervention were reported during the follow-up period.
General personal baseline characteristics of the sample
are shown in Table 1.

Table 2 shows the mean value ± standard deviations
scores for pain and function outcomes at the established
follow-up time periods. A statistically significant change
during the follow-up was observed for all pain and func-
tion-related outcome measures.

Table 3 presentsmean value ± standard deviations scores
at the established follow-up time periods, for sleep-related
outcome scores. A statistically significant change during the
follow-up was observed for sleep disturbance (SLPD4) and
sleep adequacy (SLPA2), as well as the two sleep problems
indexes (SLP6 and SLP9).

Table 4 shows the differences in the pre- and 6-month
post-intervention outcome scores and how these differ-
ences relate to the established MCID thresholds for each
outcome measure. The results show that 6 months after
treatment with QMRG, the MCID threshold is met by
26–98% of patients, depending on the outcome measure, for
the non-sleep-related outcomes and by 17–62% of patients for
the sleep-related outcome measures. Of the 14 outcome mea-
sures studied, in 8 of them at least 50% of patients met the
MCID threshold.

4 Discussion

Back pain is very common, with an estimated overall pre-
valence between 54% and 80%, and its incidence is only
expected to increase in the future mainly due to population
aging [38]. Predictions estimate that close to 50% of those
over 65 years could suffer from back pain [38]. Back pain
has been proven to have a significant negative effect on Ta
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quality of life and currently, it is one of the first causes of
long-standing limitation in performing usual activities and
working hours lost [39].

Patients diagnosed with LR and treated with QMRG in
this prospective cohort study showed significant improve-
ment in pain, function, quality of life, and sleep 6 months
post-treatment. However, it is important to note that the
long-term effectiveness of QMRG should be reported as
well, since bone remodeling and nerve compression can
reoccur over time. Currently, with the available treatment
options, the recurrence rate for spinal pain is estimated to
be anywhere from 24 to 80% [38] with up to 60% of patients
reporting pain 5 years after the initial episode [6,40–44].

LR is associated with poor sleep quality [45–47], which
can in turn affect pain perception, increasing symptoms,
and has also been associated with other negative short-
and long-term effects on patient health [48–50]. Six months
after treatment with QMRG, the patients included in this
study presented significantly better results in the sleep-
related outcome measures. This improvement in patient
sleep quality after the treatment of their LR could mean
that sleep was in fact significantly impacted by the LR.

When it comes to surgical techniques, there is a differ-
ence between technical and clinical results, technical suc-
cess is not the same as clinical outcome success. Recently,
the focus when evaluating surgical techniques has shifted
toward a more patient and clinical outcome centered
approach. Coblation for disc decompression has a technical
success rate close to 100%, with the rare complications

reported mainly related to pain due to the percutaneous
approach [51–54]. Meanwhile, the rate of clinical success of
this technique is estimated at between 56 and 85% [51–54].

Furthermore, the risk-reward factor of the interven-
tion should be established, given the delicate nature of the
areas treated and the associated risk. If QMRG is found to
be a safe and effective long-term treatment option for LR, it
could significantly improve the quality of life of patients who
suffer from this condition as well as decrease its economic
burden and societal impact on patients, their families, and the
community as a whole [40,55–68].

4.1 Limitations

One of the main limitations of the study was the small
sample size. This is due to the fact that the technique has
not been available in Spain for very long, and therefore the
sample of patients with a minimum follow-up time is lim-
ited. The comparison of the sample by personal or socio-
economic characteristics that could elucidate a specific
patient profile most likely to benefit from treatment with
QMRG was not possible due to the sample size. Also, the
lack of comparative data due to the absence of a control
group may be a source of bias as the change observed in
the cohort group could be due to the treatment being stu-
died or to other factors. In this particular case, however, it
would first not be responsible to leave patients with LR
untreated just to be able to use them as a control group

Table 4: Difference in outcome scores pre-intervention and at 6-month post-intervention

Change Normalized change† Patients over MCID††
Mean value ± SD Mean value ± SD n (%)

NRS (MCID ≥2) −2.65 ± 2.97 −0.32 ± 0.37 30 (52.3%)
ODI (MCID ≥10) −13.20 ± 25.24 −0.17 ± 0.56 29 (50.0%)
SF12 Physical (MCID ≥3.29) 20.55 ± 35.88 2.13 ± 3.91 44 (75.0%)
SF12 Mental (MCID ≥3.77) 15.48 ± 28.11 4.87 ± 1.25 41 (70.5%)
SF12 Total (MCID ≥7.06) 65.80 ± 54.32 2.35 ± 3.71 56 (97.7%)
PGI (MCID ≥1) −1.11 ± 1.26 −0.28 ± 0.32 25 (43.2%)
CGI (MCID ≥1) −0.89 ± 1.04 −0.30 ± 0.35 23 (38.63%)
SLPD4 (MCID ≥6) −10.05 ± 23.97 −0.09 ± 0.44 28 (43.1%)
SLPSNR1 (MCID ≥6) −1.78 ± 18.50 0.06 ± 0.56 11 (16.9%)
SLPSOB1 (MCID ≥6) −5.78 ± 16.31 −0.18 ± 0.50 14 (21.5%)
SLPA2 (MCID ≥6) 11.94 ± 25.89 0.69 ± 1.31 24 (36.9%)
SLPS3 (MCID ≥6) −5.10 ± 16.36 −0.13 ± 0.32 26 (57.8 %)
SLP6 (MCID ≥6) −8.84 ± 15.03 −0.15 ± 0.31 28 (62.2%)
SLP9 (MCID ≥6) −9.03 ± 15.89 −0.15 ± 0.29 26 (57.8%)

†Mean change divided by initial score.
††Patients above the MCID threshold at 6 months post-intervention.
SD: standard deviation; MCID: minimal clinically important difference; NRS: Numeric Rating Scale; ODI: Oswestry Disability Index; SF12: Short Form 12
Health Survey; PGI: Patient Global Impression of Improvement; CGI: Clinical Global Impression of Improvement.
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and the cohort of patients included in the study in the first
place is made up of patients with long-term persistent LR
and spontaneous improvement due to factors outside of
treatment with QMRG seems unlikely. In any health care
system, specially a publicly funded one as is the case in this
study, economic considerations must be taken into account
when analyzing the efficacy of any novel treatment. However,
in this study, neither total nor individualized cost or system
utilization was recorded. Another limitation that should be
noted is the possible selection bias that arises from the varia-
tions in the clinical judgment of the health care professionals
involved in the treatment of LR. Finally, the impossibility for
blinding to either the health care professionals or participants
could possibly introduce an element of treatment bias and/or
placebo effect.

5 Conclusion

In conclusion, this study demonstrated an improvement in
outcome measures in patients with LR secondary to a con-
tained lumbar disc hernia or lumbar disc protrusion treated
with QMRG at 6 months following intervention. If patients
present with LR that does not improve with previous treat-
ments, QMRG is a minimally invasive technique that does not
raise the temperature and can improve their clinical situation
without significantly affecting the integrity of the disc. It is
less aggressive than percutaneous lumbar endoscopic dis-
cectomy and therefore should have fewer secondary effects
on the surrounding tissues of the lesion produced by the
technique. With the results observed in this study, the novel
technique of QMRG appears to be an effective alternative
treatment option for LR, but given its newness, additional
research is still needed to clarify its place among LR treat-
ments and its long-term effects in patients.
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