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Abstract: Within the practice of pain management, one of the most commonly encountered events
is low back pain. Lumbar radiculopathy (LR) is a pain syndrome caused by the compression or
irritation of the nerve roots in the lower back due to lumbar disc herniation, vertebra degeneration,
or foramen narrowing. Symptoms of LR include low back pain that propagates toward the legs,
numbness, weakness, and loss of reflexes. The aim of this study is to assess the long-term effectiveness
of quantum molecular resonance disc decompression and its combination with a percutaneous
microdiscectomy using Grasper© forceps (QMRG) in patients with persistent lumbar radiculopathy
(LR) in relation to patient physical stress status. The main outcome measures of this prospective
observational study were DN4, NRS, ODI, SF12, PGI, CGI, and MOS Sleep Scale. An improvement
12 months post-intervention was observed in patients without physical stress, presenting better
overall results. The mean change was over the minimal clinically important difference in 64.3% of
outcome measures studied for the whole sample. QMRG appears to be an effective treatment option
for LR, but a reduction in physical stress is needed to ensure long-term effectiveness.

Keywords: analgesia; back pain; pain management; treatment outcome

1. Introduction

Lumbar radiculopathy (LR) is a pain disorder that affects the lower spine and is
caused by the impingement and/or inflammation of the spinal nerve roots [1]. LR is
one of the most common causes of low back pain, possibly, and it is estimated that in
industrialized countries, eight out of ten people will be affected at some point during their
life [2]. The most common underlying cause of LR is lumbar disc bulging or herniation with
nerve compression [1]. This back and/or leg pain is normally caused by the herniation of
the nucleus pulposus due to inflammation and/or compression of nerve roots as it passes
adjacent to the herniated disc [3]. The compression may occur within the thecal sac, within
the lateral recess as the nerve root exits the thecal sac, as the nerve root traverses the neural
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foramina, or even after the nerve root has exited the foramina. LR can also be caused by
the degeneration of the spinal vertebra, the narrowing of the vertebral foramen, facet or
ligamentous hypertrophy, spondylolisthesis, nerve root injuries, scar tissue from previous
spinal surgery, diabetes, or even neoplastic and infectious processes [1]. In contained disc
herniations, the nerve roots become irritated by the nucleus material within the posterior
annulus, and this is what is believed to cause pain [3]. Symptoms include electric, burning,
or sharp low back pain or irritation that radiates into the buttock and down the legs
following a dermatomal pattern. Other symptoms may include but are not limited to
numbness, tingling, weakness, and loss of specific reflexes [4,5].

Data available from epidemiological studies on the incidence of low back pain presents
estimates varying from 5% to more than 30%, with an estimated lifetime prevalence between
60% and 90% [1]. Most cases are self-limiting, and the pain will disappear without the need
for intervention [1]. About half of the cases will resolve within 10-15 days, and within six
to twelve weeks around 90% of cases are expected to have remitted [1]. For the cases of
persistent LR resistant to more traditional or conservative treatments for which surgery is
not indicated, minimally invasive decompressive techniques of the disc that are aimed at
relieving pressure within the disc tissue appear to be an effective alternative with a low
rate of complications.

Quantum Molecular Resonance® (QMR) is an innovative and unique technology,
originally developed and patented by Telea Electronic Engineering Srl (Vicenza, Italy),
and is now used in various clinical procedures, including tonsillectomy, dura mate cut-
ting in neurosurgery, insertion of bone anchored hearing aids and epiduroscopy [6-12].
What makes QMR technology unique and innovative is the ability to cut and/or vapor-
ize biological tissue through the use of different frequencies transmitted simultaneously
instead of using heat, which can cause irreparable thermal damage and result in necrosis.
QMR energy is generated by means of alternate currents and high-frequency electron
waves and characterized at precise and well-defined 8-, 12-, and 16-MHz waves with
decreasing amplitudes [6]. This process creates energy quanta that break the molecular
bonds without increasing the kinetic energy of the molecules and, therefore, not raising
the temperature. Electrosurgical devices that use QMR allow surgeons to maintain the
biological structure of the tissue as the functionality is provided at a temperature below
50 °C. QMR can be used for percutaneous disc decompression as it causes the hernia or
protrusion to retract to its natural position, reducing compression and inflammation of the
adjacent nerve roots [13-15]. However, contrary to other techniques used for percutaneous
disc decompression, such as laser or radiofrequency, evidence on the effectiveness of QMR
is scarce and requires further research.

Therefore, in this prospective observational study, the long-term effectiveness of QMR
disc decompression and its combination with a microdiscectomy using Grasper® forceps
(OMRG) was assessed in patients with resistant LR secondary to contained lumbar disc
hernia or lumbar disc protrusion with more than 6 months of evolution in relation to their
physical stress status.

2. Patients and Methods
2.1. Study Design

This epidemiological observational longitudinal before-after intervention study evalu-
ated patients at the Multidisciplinary Pain Management Unit of the La Fe University and
Polytechnic Hospital in Valencia between July 2021 and December 2022. Approval was
obtained from the “Comité de Etica de la Investigacién con medicamentos del Instituto de
Investigacion Sanitaria La Fe” (Registration number 2021-341-1). The study adheres to the
principles for research in humans outlined in the Declaration of Helsinki. The protocol was
explained to all patients, and written informed consent was obtained at the beginning of
the study.
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2.2. Participants

The participants of this study were over 18 years of age, had LR secondary to an L4-
L5/L5-51 contained hydrated lumbar disc hernia or lumbar disc protrusion with symptoms
lasting more than 6 months and were resistant to treatment with analgesia, physical therapy,
and/or epidural block. Participants had undergone QMRG and completed a 12-month
follow-up protocol within the last two years in the Multidisciplinary Pain Management
Unit of the La Fe University and Polytechnic Hospital in Valencia (MPMU).

Initial diagnosis for LR was based on clinical presentation, magnetic resonance imaging
(MRI) and electromyography (EMG) results. A sample of MRI images of the treated
hernias/protrusions can be seen in Figure 1. Only in patients that reported no improvement
after treatment with QMRG was further MRI testing performed.

Figure 1. Sample MRI imaging of treated hernias/protrusions.

The required sample size was calculated using G*Power (version 3.1.9.7) software
(available freely from Heinrich Heine Universitat at https:/ /www.psychologie.hhu.de/
arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html, accessed
on 15 November 2023). The primary outcome was the difference between the two groups
with respect to the outcome measure scores, assessed using different questionnaires and
scales. It was estimated that a sample size of 21 patients per group would achieve a power
of 80% to detect a large effect size (Cohen’s d) of 0.8. The statistical test used was the
two-sided unpaired t-test, and the type I error was set at 0.05.

After the establishment of the minimum required sample size, the hospital’s electronic
records were searched for patients that met all inclusion criteria and could potentially
be included in this study. This search yielded a total of 49 candidate patients. Potential
participants were contacted and received detailed information about the study. Along with
the previously mentioned diagnostic and treatment criteria, the following requisites were
established for inclusion in the study:

e  Patient confirmation of their understanding regarding the study protocol.
e  Written and signed patient informed consent form.
e  Patient ability and willingness to follow study protocol and requirements.

Of the 49 patients identified as potentially eligible for inclusion, three were uncon-
tactable, and two did not give informed consent. Therefore, leaving a sample of 44 patients
who were considered to meet all the inclusion criteria.

After all relevant medical data was collected from the electronic records, the data
was first reviewed to ensure that none of the previously excluded criteria were present at
the time of intervention, in the six months leading up to the intervention, or during the
12-month follow-up period. The exclusion criteria specific to the moment of the interven-
tion were:
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e  Prior treatment by discectomy or percutaneous microdiscectomy, with or without
a disc prosthesis.
Systemic infection.
Active skin infection in the access area of the technique.

The following were the exclusion criteria in the six months preceding the intervention
and/or during the 12-month follow-up period:

History or active treatment of cancer.

Documented history of substance abuse or dependence.
Immunosuppression.

Severe neurological or psychiatric pathology.

Anticoagulant therapy:.

Pregnancy.

Participation in other clinical research with an active treatment group.

One patient met any of the exclusion criteria and, therefore, was excluded, leaving
a final sample of 43 patients, with full data at baseline, 1-month, 6-months, and 12-months.
Patients then underwent treatment with QMRG and completed a 12-month follow-up with
the Multidisciplinary Pain Management Unit of the La Fe University and Polytechnic Hos-
pital in Valencia (MPMU). These patients constituted the single cohort that was evaluated
in relation to their physical stress status in this study.

As with other musculoskeletal system disorders, LR can have a complex multi-factorial
root cause determined by different biomechanical, hereditary, developmental, hormonal,
vascular, autoimmune, and adverse environmental conditions that trigger the occurrence
of the root cause and exacerbate the associated pain [16]. One of the principal factors
that may induce LR is physical stress, normally of an occupational origin. Physical stress
has been defined as lifting/carrying heavy items or cumulative load to the spine, push-
ing/pulling loads, repeated tasks with the torso bent/twisted, fixed, or awkward body
postures, standing /walking, sitting, kneeling/squatting, whole-body and local vibration,
the combination of different mechanical exposures, and poor working conditions and/or
microclimate [17-19].

2.3. Intervention and Follow-Up

The device, intervention, and follow-up protocol have been extensively described in a
previous publication. For full details, see Cands-Verdecho et al., 2022 [20]. A fluoroscopic
image taken during one of the interventions is shown in Figure 2. Intervention dates
were from 8 July 2021 to 9 December 2021, and the final follow-up was completed in
December 2022.

Figure 2. Fluoroscopic image taken during intervention.

2.4. Outcome Parameters

The intervention protocol of the MPMU requires that the patient’s evolution be evalu-
ated using several different questionnaires and scales (NRS: Numeric Rating Scale; ODI:
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Oswestry Disability Index; SF-12: Short Form 12 Health Survey; PGI: Patient Global Impres-
sion of Improvement; CGI: Clinical Global Impression of Improvement; and MOS: Medical
Outcomes Study Sleep Scale) before the day of intervention and at 1-month, 3-months,
6-months, and 12-months post-intervention. For the MOS, all its constituent components
(SLPD4: disturbances, SLPSNRI1: snoring, SLPSOB1: shortness of breath or headache,
SLPA2: adequacy, SLPS3: somnolence, SLP6: problems index I, and SLP9: problems index
II) were evaluated. Demographic data such as age, sex, marital status, education, and em-
ployment were recorded during the baseline visit, along with information on pain location
and physical stress. The Douleur Neuropathique en 4 Questions (DN4) questionnaire is
also administered at the same time.

The minimal difference in outcomes that was considered significant was the minimal
clinically important difference (MCID) established for each outcome measure. The 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 negative, and the
value patients place on this change [21-24]. MCID values vary depending on the patient,
clinical context, and estimation method [25]; 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 [26]. The MCID for the ODI used in previous
studies ranges from 4 to 15 points [27-30]. In this study, the ODI MCID has been set at
10 points as a compromise. When it comes to the SF-12 mental and physical component
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 [31]. Given its sensitivity
and strong correlation with patient satisfaction [32], a change of 1 in PGI is generally
accepted as the MCID [33-35]. 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 [36].

Data was collected prospectively and recorded by specialists at the MPMU. An-
other physician evaluated all measurements (baseline, after 1 month, after 3 months,
after 6 months, and after 12 months). Additionally, any adverse effects were recorded in
the patient’s medical history if they occurred.

2.5. Statistical Analysis

IBM SPSS version 27.0 (IBM Corp., Armonk, NY, USA) was used for the statistical
analysis. A descriptive analysis was performed by calculating the frequency and percentage.
For categorical variables, proportions were compared using either the chi-square test for
contingency tables or Fisher’s exact test (expected frequencies > 5).

The normality of the distribution of continuous variables was analyzed using the
Shapiro-Wilk test. Normally distributed data were compared using an independent sample
t-test and presented as mean =+ standard deviation and range (minimum and maximum).
The Mann-Whitney U-tests were used for nonparametric data, which were presented as me-
dian and interquartile range. Results were considered statistically significant when p < 0.05.
The Freidman and Wilcoxon tests were used to evaluate the significance of the variations
between repetitive measurements. In order to avoid possible type I errors, a Bonferroni
correction was used, and values p < 0.017 were considered statistically significant.

The trend of the score obtained in each of the assessments carried out over the follow-
up time (baseline, 1-month, 3-months, 6-months, and 12-months) was assessed using a
repeated-measures one-factor ANOVA test and the mean variations throughout the follow-
up period were graphically portrayed via line graphs. Change at the end of follow-up,
12 months, was calculated for each of the outcomes (NRS, ODI, PGI, CGI, SF12 Physical,
SF12 Mental, SF12 Total, SLPD4, SLPSNR1, SLPSOB1, SLPA2, SLPS3, SLP6, and SLP9)
by the difference in score at 12 months and the baseline assessment. The frequency and
percentage of patients exceeding the clinically relevant percentage change for each of the
parameter’s studies was then calculated.
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3. Results

Forty-three patients met the established inclusion/exclusion criteria. Twenty-one
patients (48.8%) were under habitual physical stress, and twenty-two (51.2%) were not.
At the time of the intervention, patients presented with neuropathic pain and were receiving
pharmacological treatment for it with either anticonvulsants (pregabalin or gabapentin) or
antidepressants (duloxetine), which were gradually withdrawn shortly after intervention
in most cases and therefore not expected to have an effect on the long-term outcomes
studied. General personal baseline characteristics of the sample are shown in Table 1, and
no differences were reported among the two groups.

Table 1. Baseline characteristics of the patients.

Total Stress No Stress
p-Value *
N =43 (100) N =21 (48.8) N =22 (51.2)
AGE (years) at Enrollment
Mean =+ SD (Range) 51.90 £+ 9.73 (31.00-74.00)  52.38 4+ 9.38 (35.00-74.00)  51.45 + 10.25 (31.00-69.00) 0.759
SEX 1 (%) 0.069
Male 22 (51.2) 14 (66.7) 8 (36.4)
Female 21 (48.8) 7 (33.3) 14 (63.6)
Pain Location 7 (%) 0.603
L3-L4 4(9.3) 3(14.3) 1(4.5)
L3-L4-L5 4(9.3) 3 (14.3) 1(4.5)
L4-L5 26 (60.5) 11 (52.4) 15 (68.2)
L4-15-S1 2(4.7) 1(4.8) 1(4.5)
L5-S1 7 (16.3) 3 (14.3) 4 (18.2)
DN4
Mean =+ SD (Range) 4.37 + 1.09 (0-5) 4.19 +1.32 (0-5) 4.54 4+ 0.80 (0-5) 0.292
MARITAL STATUS # (%) 0.080
Single 8 (18.6) 4(19.0) 4(18.2)
Married 29 (67.4) 11 (52.4) 18 (81.8)
Divorced 6 (14.0) 6 (28.6) 0(0.0)
EDUCATION 7 (%) 0.095
Primary 9(20.9) 4 (19.0) 5(22.7)
Secondary 24 (55.8) 15 (71.4) 9 (40.9)
Tertiary 10 (23.3) 2 (9.5) 8 (36.4)
EMPLOYMENT # (%) 0.566
Employed 20 (46.5) 8 (38.1) 12 (54.5)
Unemployed 4(9.3) 1(4.8) 3 (13.6)
Retired 5(11.6) 2 (9.5) 3 (13.6)
Sick leave 5(11.6) 4 (19.0) 1(4.5)
Work-disabled 9 (20.9) 6 (28.6) 3 (13.6)

SD: standard deviation. * Comparison between different groups. Repeated-measures one-factor ANOVA test.

Table 2 and Figure 3 show the scores for NRS, ODI, PGI, and CGI outcomes at the
established follow-up time periods, while Table 3 and Figure 4 present scores at the estab-
lished follow-up time periods for SF-12. For the scoring trend throughout the follow-up
period for the entire sample, statistically significant differences were observed for NRS
and all SF-12 outcomes. If the trends among the stress groups are compared, statistically
significant differences were observed for all pain and function-related outcome measures
except for SF-12 Physical.

For pain (NRS), the biggest improvement is seen at the 1-month mark, followed by a
stabilization and slight worsening at the 12-month mark. For disability (ODI), the trends are
opposite depending on the stress group. The “stress” group shows a trend for progressive
worsening scores, while the “no stress” group shows a slight improvement and stabilization
throughout the follow-up period. For both patient and clinician perceived improvement
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(PGI and CGI), scores are relatively stable at the 1, 3, and 6-month marks and better at the
12-month mark.

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

NRS ODI PGI CGI
Mean + SD Mean + SD Mean + SD Mean + SD
Total Stress No Stress . _ _ No Stress R . _ Stress No Stress R . Total Stress No Stress R .
(1=43) 1=21) (1=22) p-Value Total (n=43) Stress (n = 21) =22 p-Value *  Total (n = 43) (=21 =22 p-Value (1=43) (1=21) (1= 22) p-Value
Baseline 7.74+1.17 7.61+132 7.86+1.03 0.502 43.79 +11.96  41.76 + 13.69 45.72 £ 9.98 0.283 - - - - - - - -
1Month 551 +£264 6.19+274 4.86+241 0.100 4220 4+12.00 44.61 +£12.59 39.90 + 11.22 0.202 3.11+093 3424087 281+0.90 0.030 2114090 2424081 1.81+0.90 0.025
3Months 546 +2.67 6.00+2.81 4.95+249 0.204 4158 +12.83 44.09 + 1345 39.18 + 12.02 0.213 092+1.06 323+1.17 2774092 0.156 2044099 233+1.01 1.77+0.92 0.065
6 Months 553 +2.65 6.09+279 5.00+246 0.180 42.00 +12.88 45.33 +14.03 38.81 + 11.08 0.098 3.04+1.09 333+119 277 +0.92 0.092 2.09+1.01 242+1.02 1774092 0.033
12 Months 6.18 +2.61 7.23+254 5184230 0.008 4227 +11.43 4628 £11.05 38.45+ 10.67 0.023 3.32+1.04 3714095 295+0.99 0.015 269+116 319+1.03 222+1.10 0.005
p-value ** 0.001 0.044 0.093 0.011 0.895 0.026 0.540 0.011
SD: standard deviation; NRS: Numeric Rating Scale; ODI: Oswestry Disability Index; PGI: Patient Global Im-
pression of Improvement; CGI: Clinical Global Impression of Improvement. * Comparison between scores for
stress and no-stress groups at a specific time during follow-up. Repeated-measures one-factor ANOVA test.
** Comparison between scores throughout follow-up for (1) total and (2) stress and no stress groups together.
Repeated-measures one-factor ANOVA test.
8.0
75 N 3.7
7.0
6.5
6.0 — /
5.5 <> v 3.2
5.0 —
45
40
Baseline 1 Month 3 Months 6 Months 12 2.7
Months 1 Month 3 Months 6 Months 12 Months
48 3.2
46
44 > 2.7
42 — <% ] [ —
——
40 2.2 —
38
Baseline 1 Month 3 Months 6 Months 12 1.7
Months 1 Month 3 Months 6 Months 12 Months
w=@u=TOta| «=@==Stress «=@==No Stress
Figure 3. Mean patient scores for NRS, ODI, PGI, and CGI.
Table 3. Mean patient scores for SF12.
SF Physical SF Mental SF Total
Mean + SD Mean + SD Mean + SD
Total Stress No Stress Value * Total Stress No Stress Value * Total Stress No Stress Value *
(1 =43) (=21 (=22 p-value (n = 43) (n=21) (n=22) p-value (n = 43) (n=21) (=22 p-value
Baseline 190841696 2420 £2167 1439 £ 888 0.057 2980 £1387 31701537  27.99+12.36 0.386 2449 £1406 279541764 2119870 0.116
1 Month 2557 £1126  2380+13.83 2727 £810 0.319 416242191 337241442 49.16+ 2531 0.019 33.60 £ 1478 28771248 382241559 0.034
3 Months 203542079 275742560  31.05+ 1530 0.589 461952367 387242089  53.33 + 2440 0.042 37782011 3315+£2261 4219+ 1674 0.143
6 Months 289742097 281742537  29.73+1628 0.811 4658 £2407 38842059  53.97+2526 0.038 377842036 3351+£2234  41.85+17.85 0.183
12Months 272241868 2678 £19.87  27.65+17.93 0.023 459142417 3797 £18.68 5348+ 2671 0.034 365641796 3238 £1692 4056+ 18.39 0137
p-value ** 0.002 0.088 0.001 0.030 0.001 0.026

SD: standard deviation; SF12

: Short Form 12 Health Survey. * Comparison between scores for stress and no
stress groups at a specific time during follow-up. Repeated-measures one-factor ANOVA test. ** Comparison
between scores throughout follow-up for (1) total and (2) stress and no stress groups together. Repeated-measures
one-factor ANOVA test.

For quality of life (SF-12), the biggest improvement is seen at the 1-month mark
and from there, the trend is for a stabilization of the scores. Scores for the mental SF-12
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29
24
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subscale are significantly better than those for the physical subscale. When compared by
stress groups, the “no stress” group presented significantly better scores for all three SF-12
outcomes than the “stress” group.

SF 12 Physical SF 12 Mental

4/':“\47;:*

37 —
4
27
Baseline 1 Month 3 Months 6 Months 12 Baseline 1 Month 3 Months 6 Months 12
Months Months
SF 12 Total

40

35 / .
30 / -
25 7

20

Baseline 1 Month 3 Months 6 Months 12
Months

=—@—=Total «==@==Stress No Stress

Figure 4. Mean patient scores for SF12.

Table 4 and Figure 5 show the mean =+ standard deviations scores for the MOS Sleep
Scale outcomes at the established follow-up time periods. A statistically significant change
during the follow-up was observed for all sleep-related outcome measures in at least one
of the studied groups except for “sleep adequacy” (SLPA2) and “daytime somnolence”
(SLPS3). The trend for all sleep-related outcomes is for improvement at the 12-month mark,
with the biggest change observed at the 1-month mark. For “sleep disturbance”, “sleep
awakening short of breath or with headache”, and “daytime somnolence”, a significant
change can also be observed between the 6- and 12-month marks. For “sleep disturbance”
and “sleep awakening short of breath or with headache”, the change is a further improve-
ment in scores, but for “daytime somnolence”, there is a worsening between the 6- and
12-month marks, especially for the “stress” group. When it comes to the sleep problems
indexes (SLP6 and SLP9) both present an initial improvement that appears to stabilize over
the follow-up period.

Table 5 shows the differences in the pre- and 12-month post-intervention outcome
scores and how these differences relate to the established MCID thresholds for each outcome
measure. If considered as a single group, the mean change at 12 months post-intervention
is over the MCID in 9 of the 14 outcome measures studied. However, when separated by
physical stress status, the “stress” group is over the MCID in 4 outcomes, while the “no
stress” group is over the MCID in 10 outcomes. In 3 of the 4 outcomes that the “stress”
group meets the MCID thresholds, the improvement in this group is better than that
observed in the “no stress” group; the only exception is SF12 Mental. Also, the “stress”
group meets the MCID threshold for snoring (SLPSNR1), while the “no stress” group
does not.
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SLPD4 Disturbances

65
60
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Figure 5. Mean patient scores for MOS Sleep Scale subscales.
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Table 4. Mean patient scores for MOS Sleep Scale subscales.
SLPD4 Disturbances SLPNR1 Snoring SLPSOB1 Shortness of Breath SLPA2 Adequacy
Mean + SD Mean + SD Mean + SD Mean + SD
Total Stress No Stress Value * Total Stress No Stress Value * Total Stress No Stress Value * Total Stress No Stress Value *
(n=143) (=21 (n=22) 4 (=143 (n=21) (n=22) 4 (n=143) (n=21) (=22 b (n=13) (n=21) (=22 b
Baseline 60.72 + 22.48 56.13 £ 18.65 65.11 + 25.26 0.194 47.90 £ 27.99 43.80 4 29.40 51.81 =+ 26.66 0.355 24.65 + 16.81 22.85 4+ 15.85 26.36 +17.87 0.501 30.46 £ 17.31 33.33 £+ 18.52 27.72 £16.01 0.294
1 Month 54.82 + 15.64 54.82 +12.10 54.82 +18.70 0.999 46.97 £ 26.14 40.95 + 25.67 52.72 £ 25.85 0.142 24.18 £ 19.30 24.76 + 15.36 23.63 £ 22.79 0.851 36.51 & 21.91 38.57 £ 2242 34.54 £ 21.76 0.553
3 Months 55.17 + 14.67 54.70 £ 11.42 55.62 4 17.48 0.840 43.72 £24.78 36.19 4 22.46 50.90 £ 25.24 0.050 24.18 £ 19.30 24.76 £ 15.36 23.63 £ 22.79 0.851 35.58 4 20.96 39.04 £ 2.64 3227 £17.97 0.295
6 Months 55.17 + 14.67 54.70 £ 11.42 55.62 4 17.48 0.840 43.72 +24.78 36.19 4 2246 50.90 £ 25.24 0.050 24.18 £19.30 24.76 +15.36 23.63 £22.79 0.851 34.88 £ 20.97 39.04 £+ 23.64 30.90 £ 17.70 0.207
12 Months 51.71 £ 15.06 50.35 £ 12.77 53.01 £ 17.16 0.570 41.44 + 2529 34.28 4 23.78 48.27 £ 25.35 0.069 19.06 & 15.70 18.09 £ 10.77 20.00 £19.51 0.696 34.65 +22.18 38.57 £24.14 30.90 £ 19.97 0.263
p-value ** 0.006 0.539 0.026 0.482 0.001 0.538 0.218 0.830
SLPS3 Somnolence SLP6 Problems Index I SLP9 Problems Index IT
Mean + SD Mean + SD Mean + SD
Total Stress No Stress Value * Total Stress No Stress Value * Total Stress No Stress Value *
(n=13) (n=21) (=22 4 (n=143) (=21 (=22 P (n=43) (n=21) (n=22) 4

Baseline 37.67 4+ 11.44 38.41 4 13.80 36.96 4 8.90 0.685 50.85 + 12.74 4841 £12.09 53.18 £ 13.19 0.224 52.51 4 14.03 49.92 4+ 13.03 54.99 4 14.79 0.240

1 Month 37.73 +£12.22 32.56 4 12.22 37.27 £11.93 0.165 44.26 +£1243 44.44 £11.51 44.09 + 13.52 0.927 47.57 +13.21 47.01 £ 11.60 48.10 £ 14.85 0.790

3 Months 34.26 + 30.61 30.16 & 15.72 38.18 £+ 10.11 0.052 44.41 £11.92 43.65 £ 12.60 45.15 4 11.48 0.685 47.93 +12.27 46.53 £ 12.01 49.26 + 12.65 0.472

6 Months 34.26 £ 13.61 30.16 & 15.72 38.18 £+ 10.11 0.052 44.57 £ 11.05 43.65 £ 12.60 43.65 £ 12.60 0.620 47.98 £+ 12.19 46.53 £ 12.01 49.37 +£12.49 0.453
12 Months 39.06 +11.78 38.41 4 13.64 39.69 £ 9.96 0.725 43.79 £9.61 43.17 £9.03 44.39 £+ 10.30 0.683 46.44 £+ 10.97 45.02 +9.79 47.80 +12.07 0.414

p-value ** 0.557 0.279 0.001 0.264 0.007 0.637

SD: standard deviation. * Comparison between scores for stress and no stress groups at a specific time during follow-up. Repeated-measures one-factor ANOVA test. ** Comparison
between scores throughout follow-up for (1) total and (2) stress and no stress groups together. Repeated-measures one-factor ANOVA test.
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Table 5. Change at 12 months post-intervention for all studied outcome measures.
Total Stress No Stress
N =43 (100) N =21 (48.8) N =22 (51.2)
Mean Patients over Mean Patients over Mean Patients over
MCID (%) MCID (%) MCID (%)
NRS (MCID > 2) —1.56 86.0 —0.38 81.0 —2.68 90.9
ODI (MCID > 10) —1.51 14.0 4.52 23.8 -7.27 4.5
PGI (MCID > 1) 3.33 100 3.71 100 2.95 100
CGI (MCID > 1) 2.70 100 3.19 100 2.22 100
SF12 Physical (MCID > 3.29) 8.04 14.0 2.58 14.3 13.26 13.6
SF12 Mental (MCID > 3.77) 16.10 55.8 6.27 33.3 25.49 77.3
SF12 Total (MCID > 7.06) 12.07 55.8 4.43 38.1 19.37 72.7
SLPD4 (MCID > 6) -9.01 25.6 -5.78 28.6 —-12.10 22.7
SLPSNR1 (MCID > 6) —6.47 2.3 —9.52 4.8 —3.54 0
SLPSOB1 (MCID > 6) —5.58 0 —4.76 0 —6.36 0
SLPA2 (MCID > 6) 4.19 11.6 5.24 19.0 3.18 4.5
SLPS3 (MCID > 6) 1.40 419 0.00 33.3 2.73 50.0
SLP6 (MCID > 6) —7.05 2.3 —5.24 4.8 —8.79 0
SLP9 (MCID > 6) —6.07 16.3 —4.90 23.8 -7.19 9.1

MCID: minimally clinically important difference.

The results show that 12 months after intervention, the MCID threshold is met by
between 14% and 100% of patients, depending on the outcome measure, for the non-
sleep-related outcomes and for between 0% and 41.9% of patients for the sleep-related
outcome measures. Of the 14 outcome measures studied, in 5 of them, at least 50% of
patients met the MCID threshold. When separated by physical stress status, in the “stress”
group, the MCID threshold is met by between 14.3% and 100% of patients, depending
on the outcome measure, for the non-sleep-related outcomes and for between 0% and
33.3% of patients for the sleep-related outcome measures. In the “no stress” group, the
MCID threshold is met by between 4.5% and 100% of patients, depending on the outcome
measure, for the non-sleep-related outcomes and for between 0% and 50.0% of patients for
the sleep-related outcome measures. Of the 14 outcome measures studied, in 3 of them, at
least 50% of patients met the MCID threshold in the “stress” group, and in 5 of them, at least
50% of patients met the MCID threshold in the “no stress” group. All of these outcomes
where the MCID threshold was met by at least half of the patients were non-sleep-related.

4. Discussion

There is little evidence in the literature to guide LR treatment in patients where non-
interventional treatment modalities do not help. When 6 months of conservative therapy,
such as exercise, physical therapy, and/or medications, has failed, surgical intervention
may be considered. In patients presenting persistent LR, discectomy, either open or mi-
crosurgical, is the surgical treatment option most commonly followed and only if further
degeneration is present may surgical fusion be necessary [3]. Recently, minimally invasive
techniques, such as QMRG, have emerged as effective treatment options in patients with LR,
and the goal of these is to bridge the gap between failed conservative treatment and open
surgery [3]. Therefore, while open surgery seems to be too invasive and conservative treat-
ment may present unsatisfactory results, evidence from this and another study [18] shows
good results for patients with persistent LR secondary to contained hernias who undergo
treatment with QMRG which could open the way for a new therapeutic pathway [20].

This study compared the effectiveness of quantum molecular resonance coablative
radiofrequency disc decompression and percutaneous microdiscectomy using Grasper
forceps in the treatment of lumbar radiculopathy based on pain, function, and sleep
depending on physical stress status. The results of this study demonstrated improved pain,
function, and sleep outcomes at 12 months for the whole patient sample; however, there
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were statistically significant differences in improvement between the two stress groups,
with the “no stress” group presenting better outcomes at 12 months post-intervention.

As publications on QMR technology use for spinal disc decompression are almost
non-existent it is impossible to compare the results of this study regarding the efficacy
of QMRG and its dependence on patient physical stress status. Data on other minimally
invasive techniques and their dependence on patient physical stress status that could be
relevant for comparison is also missing. This only highlights the need for further research
into the potential of QMR techniques as a therapeutic option for the treatment of LR.
However, studies on different minimally invasive techniques with a significant follow-up
time (over 1 year), which could rationally be expected to include the patient returning to
ordinary daily and professional activities, have shown that these types of interventions
appear to be safe and effective options for percutaneous lumbar disc decompression [37-40],
but once again, no definitive conclusions can be established at this time.

Achieving a successful outcome in a percutaneous lumbar disc decompression de-
pends in part on a careful patient selection, as specific patient profiles may be more suited
for this type of intervention. Factors such as disc herniation severity, location comorbid
conditions, and patient compliance with treatment protocol have the ability to influence
outcomes [15]. Therefore, a thorough assessment of the patient’s profile is critical before any
intervention is considered, and further investigation to help establish an optimal candidate
profile for the treatment of LR with QMRG is warranted. This identification would improve
the chance of success in achieving positive long-term outcomes and could help guide
treatment strategies and protocols.

It is advised that patients with low back pain stay active and continue with their
ordinary daily activities when possible, as remaining active is associated with shorter
recovery times and a lower incidence of recurrent problems [41]. Aerobic exercise, such as
walking, is recommended for most patients with LR [42]. This recommendation to remain
as active as possible and participate in structured physical activity during the follow-up to
the intervention was also given to the participants of this study and was reiterated in all
follow-up visits as part of the protocol followed at the MPMU.

Possibly related to patient activity levels, in this study, the most significant improve-
ment was observed at the 1-month mark, with improvement then plateauing for the most
part. The improvement reported by the patients during the first follow-up visit could be
related to their perception of or lack of pain or physical limitations while carrying out these
ordinary daily activities and exercise plans. Their ability to participate in and complete
certain tasks could heighten the perception of improvement and set a new baseline for
the patients. Therefore, it would appear logical that they report a greater improvement
immediately after intervention and then reset their expectations which could influence
perceived improvement or worsening later on during follow-up.

It may be necessary to reset realistic expectations and goals in the patient by the
management team, as it is important to educate patients on the fact that sporadic or
temporary mild pain does not necessarily mean an overall worsening of the condition
and that it can actually be beneficial to the patient to experience some short-term pain.
For example, physical activity and exercise can be painful for a patient with LR, but it is
beneficial to their overall recovery to maintain as normal a functional status as possible.

In a study by Kerr et al. [43] that assessed outcomes of operative and nonoperative
treatment for patients with intervertebral disc herniation and symptomatic radiculopathy
at 8 years, patients who were working showed the biggest relative improvements compared
to those who were work-disabled. This, however, may also be because those employed
presented less complicated or severe cases of herniation.

For patients with persistent pain due to LR, a return to work after treatment may
expose them to the occupational exposures responsible for the root cause of their LR.
The physical demands of the patient’s job when recommending activity for the employed
patient with low back symptoms must be considered [41]. Occupational physical stress
has been reported to be associated with disc degeneration [44,45], and in previous studies,
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the specific type of work performed is unknown. Prolonged sitting, twisting/bending,
lifting heavy objects, and heavy physical load have been previously associated with disc
degeneration [46]. At the L4-L5 level, occupational mechanical lumbar stress has been
shown to possibly accelerate disc degeneration [47]. Modifications in work activities are
often necessary in patients with LR and should be tailored individually according to the
physical requirements of their job, the severity of their condition and their understanding
of their condition and limitations [42].

In a non-occupational setting, lifting, especially when performed with straight knees
and a bent back, has also been associated with an increased risk of herniated lumbar
disc [48]. In general, activities that cause a significant increase in symptoms should be
modified, but at the same time, it should be noted that some “popular” actions, such
as maintaining lordotic postures or certain sleep postures, have not been proven to be
beneficial for the treatment and prevention of low back pain [42].

The return to a physically stressful environment, occupational or not, or more vigorous
physical activity after effective treatment with QMRG without any occupational adaptations
to prevent a recurrence of the lumbar disc herniation or protrusion may be responsible
for the negative trend observed for some of the outcome measures between the 6 and
12-months marks. The outcomes where this trend appears are NRS, SF-12 Physical, SLPS3
and ODI only for the “stress” group. In all cases, the worsening of the scores is more
pronounced in the “stress” group, which would support this idea. Given this and to
ascertain the durability and possible predictors of outcomes, long-term follow-up studies
are needed.

Limitations

The small sample size of the study is one of its main limitations. The QMRG technique
is novel, and, therefore, the pool of patients with the required minimum follow-up time is
also small. One of the limitations of the available sample size is, for example, that a specific
patient profile based on personal characteristics, other than physical stress status, most
likely to benefit from treatment with QMRG could not be established. However, it should
also be noted that limiting patients’ physical stress for a period as long as twelve months
is often not feasible, and the evidence of better clinical outcomes when physical stress is
limited would suggest that QMRG may be more effective in a certain population, such
as elderly or specific types of workers. This could be a disadvantage when compared to
regular discectomy, as outcomes after that type of intervention have been shown to not be
dependent on physical duties [49].

Another limitation is the possible selection bias derived from the differing clinical
judgments of the healthcare professionals involved. Treatment bias and/or placebo effect
could be present given that it is not possible to blind treatment to either the health care
professionals or patients. Finally, it cannot be ruled out that the general improvement
in outcome measures after treatment with QMRG shown in this study might also be
related to normal body recovery post-intervention and not directly to the intervention
itself. Therefore, while it is understandable that this was an observational before-after
intervention study, with ethical considerations, a randomized control trial that compares a
group that underwent QMRG with a control group that had discectomy with no QMRG
could be an approach that should be considered in future studies.

5. Conclusions

In conclusion, this study demonstrated a general improvement in outcome measures
in patients with LR secondary to a contained lumbar disc hernia or lumbar disc protrusion
treated with QMRG at 12 months following intervention with those patients without
physical stress presenting better overall results. With the results observed in this study,
QMRG appears to be an effective alternative treatment option for LR, but the need for
lifestyle and occupational adaptations to reduce the physical stress load on patients must
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also be considered in order to ensure its long-term positive effects in patients and prevent
the recurrence of LR.

Author Contributions: Conceptualization, A.C.-V. and M.M.-S.-V,; Data curation, R.R. and L.P-C.;
Formal analysis, A.C.-V., LP-C. and M.M.-S.-V.; Investigation, A.C.-V,, R.R.,, RM.I, A.B., E.G., D.A.
and M.P.A.-N.; Methodology, A.C-V.and MM.-S.-V;; Writing—original draft, I.P.-C. and M.M.-S.-V.;
Writing—review & editing, AC-V,RR,RMIL, AB,EG.,D.A, MPA.-N., LP-C. and M.M.-S.-V.
All authors have read and agreed to the published version of the manuscript.

Funding: The APC was funded by Cardiva 2, S.L. The funding sponsors had no role in the design of
the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and
in the decision to publish the results.

Institutional Review Board Statement: The authors state that they have obtained institutional review
board approval from the Research Ethics Committee of the La Fe University and Polytechnic Hospital
in Valencia (Registration number 2021-341-1, date: 17 June 2021) for the research described.

Informed Consent Statement: The authors have obtained verbal and written informed consent from
the patients for the inclusion of their medical and treatment history within this work.

Data Availability Statement: The authors certify that this manuscript reports original data that will
not be made publicly available.

Acknowledgments: The authors would like to thank all the patients who agreed to participate in
this study.

Conflicts of Interest: This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors. The authors declare no conflicts of interest.

References

1.  Alexander, C.E.; Varacallo, M. Lumbosacral Radiculopathy. In StatPearls; StatPearls Publishing LLC: Treasure Island, FL,
USA, 2023.

2. Ehrlich George, E. Low Back Pain/Ehrlich George E. Bull. World Health Organ. 2003, 81, 671-676. [PubMed]

3. Hellinger, S. Treatment of Contained Lumbar Disc Herniations using Radiofrequency Assisted Micro-Tubular Decompression
and Nucleotomy: Four Year Prospective Study Results. Int. |. Spine Surg. 2014, 8, 24. [CrossRef] [PubMed]

4. Fuller, G.; Manford, M. Radiculopathy. In Neurology, 2nd ed.; Fuller, G., Manford, M., Eds.; Churchill Livingstone: London, UK,
2010; pp- 82-83.

5. Hoy, D.; Brooks, P,; Blyth, F; Buchbinder, R. The Epidemiology of Low Back Pain. Best Pract. Res. Clin. Rheumatol. 2010, 24,
769-781. [CrossRef]

6. D’Eredita, R.; Bozzola, L. Molecular Resonance vs. Coblation Tonsillectomy in Children. Laryngoscope 2009, 119, 1897-1901.
[CrossRef] [PubMed]

7. Zhang, K,; Pipaliya, R.M.; Miglani, A.; Nguyen, S.A.; Schlosser, R.]J. Systematic Review of Surgical Interventions for Inferior
Turbinate Hypertrophy. Am. J. Rhinol. Allergy 2023, 37, 110-122. [CrossRef] [PubMed]

8. Bentivegna, E.; Luciani, M.; Paragliola, V.; Baldari, F; Lamberti, P.A.; Conforti, G.; Spuntarelli, V.; Martelletti, P. Recent
Advancements in Tension-Type Headache: A Narrative Review. Expert Rev. Neurother. 2021, 21, 793-803. [CrossRef] [PubMed]

9. Badr-El-Dine, M.; James, A.L.; Panetti, G.; Marchioni, D.; Presutti, L.; Nogueira, ]J.F. Instrumentation and Technologies in
Endoscopic Ear Surgery. Otolaryngol. Clin. N. Am. 2013, 46, 211-225.

10. Pynnonen, M.; Brinkmeier, J.V.; Thorne, M.C.; Chong, L.Y.; Burton, M.]. Coblation versus Other Surgical Techniques for
Tonsillectomy. Cochrane Database Syst. Rev. 2017, 8, 8. [CrossRef]

11.  Erdinest, N.; Pincovich, S.; London, N.; Solomon, A. Neurostimulation for Dry Eye Disease. Curr. Opin. Allergy Clin. Immunol.
2022, 22, 328-334. [CrossRef]

12.  Raffaeli, W.; Righetti, D. Surgical Radio-Frequency Epiduroscopy Technique (R-ResAblator) and FBSS Treatment: Preliminary
Evaluations. In Advanced Peripheral Nerve Surgery and Minimal Invasive Spinal Surgery; Springer: Vienna, Austria, 2005; pp. 121-125.

13.  Marcia, S.; Zini, C.; Bellini, M. Image-Guided Percutaneous Treatment of Lumbar Stenosis and Disc Degeneration. Neuroimag-
ing Clin. 2019, 29, 563-580. [CrossRef]

14. Marcia, S.; Zini, C.; Bellini, M.; Clerk-Lamalice, O. Minimally Invasive Percutaneous Treatment of Lumbar Disk Degeneration
and Stenosis. In Image Guided Interventions of the Spine: Principles and Clinical Applications; Springer: Cham, Switzerland, 2021;
pp- 329-350.

15. Entezary, S.; Mohseni, M. Which Percutaneous Lumbar Disc Decompression Technique is More Suitable? Comparing Laser,
Radiofrequency, and Quantum Techniques. Interv. Pain Med. Neuromodul. 2023, in press. [CrossRef]

16.  YaYu, P. Orthopedic Neurology (Vertebroneurology): A Guide for Doctors; MEDpress-Inform: Moscow, Russia, 2011.


https://www.ncbi.nlm.nih.gov/pubmed/14710509
https://doi.org/10.14444/1024
https://www.ncbi.nlm.nih.gov/pubmed/25694932
https://doi.org/10.1016/j.berh.2010.10.002
https://doi.org/10.1002/lary.20210
https://www.ncbi.nlm.nih.gov/pubmed/19598217
https://doi.org/10.1177/19458924221134555
https://www.ncbi.nlm.nih.gov/pubmed/36315624
https://doi.org/10.1080/14737175.2021.1943363
https://www.ncbi.nlm.nih.gov/pubmed/34128449
https://doi.org/10.1002/14651858.CD004619.pub3
https://doi.org/10.1097/ACI.0000000000000841
https://doi.org/10.1016/j.nic.2019.07.010
https://doi.org/10.5812/ipmn-139135

J. Clin. Med. 2024, 13, 234 15 of 16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kuijer, PPE; Verbeek, ].H.; Seidler, A ; Ellegast, R.; Hulshof, C.T.; Frings-Dresen, M.H.; Van der Molen, H.F. Work-Relatedness of
Lumbosacral Radiculopathy Syndrome: Review and Dose-Response Meta-Analysis. Neurology 2018, 91, 558-564. [CrossRef]
[PubMed]

Jahn, A.; Andersen, ].H.; Christiansen, D.H.; Seidler, A.; Dalbege, A. Association between Occupational Exposures and Chronic
Low Back Pain: Protocol for a Systematic Review and Meta-Analysis. PLoS ONE 2023, 18, e0285327. [CrossRef] [PubMed]
Bezrukova, G.A.; Novikova, T.A.; Shalashova, M.L.; Raikin, S.S. Professional Risk of Developing Diseases of the Peripheral
Nervous System in Tractor Drivers—Machine Operators of Agricultural Production. Regulation 2006, 2, 5. [CrossRef]
Canos-Verdecho, A.; Robledo, R.; Izquierdo, R.; Bermejo, A.; Gallach, E.; Argente, P; Peraita-Costa, I.; Morales-Suarez-Varela,
M. Preliminary Evaluation of the Efficacy of Quantum Molecular Resonance Coablative Radiofrequency and Microdiscectomy.
Pain Manag. 2022, 12, 917-930. [CrossRef] [PubMed]

Wright, A.; Hannon, J.; Hegedus, E.J.; Kavchak, A.E. Clinimetrics Corner: A Closer Look at the Minimal Clinically Important
Difference (MCID). J. Man. Manip. Ther. 2012, 20, 160-166. [CrossRef]

Schiinemann, H.J.; Guyatt, G.H. Commentary—Goodbye M (C) ID! Hello MID, Where do You Come from? Health Serv. Res. 2005,
40, 593-597. [CrossRef]

Schiinemann, H.J.; Puhan, M.; Goldstein, R.; Jaeschke, R.; Guyatt, G.H. Measurement Properties and Interpretability of the
Chronic Respiratory Disease Questionnaire (CRQ). COPD ]. Chronic Obstr. Pulm. Dis. 2005, 2, 81-89. [CrossRef]

Cook, C.E. Clinimetrics Corner: The Minimal Clinically Important Change Score (MCID): A Necessary Pretense. J. Man. Manip.
Ther. 2008, 16, 82E-83E. [CrossRef]

Salas Apaza, ]J.A.; Franco, ].V.A.; Meza, N.; Madrid, E.; Loézar, C.; Garegnani, L. Minimal Clinically Important Difference:
The Basics. Medwave 2021, 21, e8149. [CrossRef]

Farrar, J.T.; Young Jr, J.P.; LaMoreaux, L.; Werth, J.L.; Poole, R M. Clinical Importance of Changes in Chronic Pain Intensity
Measured on an 11-Point Numerical Pain Rating Scale. Pain 2001, 94, 149-158. [CrossRef] [PubMed]

Copay, A.G.; Glassman, S.D.; Subach, B.R.; Berven, S.; Schuler, T.C.; Carreon, L.Y. Minimum Clinically Important Difference
in Lumbar Spine Surgery Patients: A Choice of Methods using the Oswestry Disability Index, Medical Outcomes Study
Questionnaire Short Form 36, and Pain Scales. Spine J. 2008, 8, 968-974. [CrossRef] [PubMed]

Johnsen, L.G.; Hellum, C.; Nygaard, &.P.; Storheim, K.; Brox, J.I.; Rossvoll, I.; Leivseth, G.; Grotle, M. Comparison of the SF6D,
the EQ5D, and the Oswestry Disability Index in Patients with Chronic Low Back Pain and Degenerative Disc Disease. BMC
Musculoskelet. Disord. 2013, 14, 148. [CrossRef] [PubMed]

Glassman, S.; Gornet, M.E,; Branch, C.; Polly, D., Jr.; Peloza, J.; Schwender, J.D.; Carreon, L. MOS Short Form 36 and Oswestry
Disability Index Outcomes in Lumbar Fusion: A Multicenter Experience. Spine J. 2006, 6, 21-26. [CrossRef] [PubMed]
Monticone, M.; Baiardi, P.; Vanti, C.; Ferrari, S.; Pillastrini, P.; Mugnai, R.; Foti, C. Responsiveness of the Oswestry Disability
Index and the Roland Morris Disability Questionnaire in Italian Subjects with Sub-Acute and Chronic Low Back Pain. Eur. Spine J.
2012, 21, 122-129. [CrossRef] [PubMed]

Diaz-Arribas, M.].; Ferndndez-Serrano, M.; Royuela, A.; Kovacs, EM.; Gallego-Izquierdo, T.; Ramos-Sanchez, M.; Llorca-Palomera,
R.; Pardo-Hervas, P.; Martin-Pariente, O.S. Minimal Clinically Important Difference in Quality of Life for Patients with Low
Back Pain. Spine 2017, 42, 1908-1916. [CrossRef] [PubMed]

Fischer, D.; Stewart, A.L.; Bloch, D.A.; Lorig, K.; Laurent, D.; Holman, H. Capturing the Patient’s View of Change as a Clinical
Outcome Measure. JAMA 1999, 282, 1157-1162. [CrossRef]

Jaeschke, R.; Singer, J.; Guyatt, G.H. Measurement of Health Status: Ascertaining the Minimal Clinically Important Difference.
Control. Clin. Trials 1989, 10, 407-415. [CrossRef]

Wyrwich, K.W.; Wolinsky, ED. Identifying Meaningful Intra-individual Change Standards for Health-related Quality of Life
Measures. J. Eval. Clin. Pract. 2000, 6, 39—49. [CrossRef]

Turner, D.; Schiinemann, H.J.; Griffith, L.E.; Beaton, D.E.; Griffiths, A.M.; Critch, ].N.; Guyatt, G.H. The Minimal Detectable
Change Cannot Reliably Replace the Minimal Important Difference. J. Clin. Epidemiol. 2010, 63, 28-36. [CrossRef]

Wells, G.; Li, T.; Maxwell, L.; MacLean, R.; Tugwell, P. Determining the Minimal Clinically Important Differences in Activity,
Fatigue, and Sleep Quality in Patients with Rheumatoid Arthritis. J. Rheumatol. 2007, 34, 280-289. [PubMed]

Hashemi, M.; Falsafi, M.; Razzaghi, M.R.; Dadkhah, P; Taheri, M.; Delshad, M.H.; Zali, A. The Long-Term Effects of Percutaneous
Laser Disc Decompression (PLDD) Treatment on Lumbar Disc Protrusion: A 2-Year Follow-Up. J. Lasers Med. Sci. 2020, 11, 427.
[CrossRef] [PubMed]

Zhao, ].; Shi, M.; Wang, X.; Zhao, N.; Deng, Q.; Chen, Q.; Zhang, Y.; Chen, W.; Zhu, H. Treatment of Protrusion of Lumbar
Intervertebral Disc (LID) with Percutaneous Laser Disc Decompression-a Follow-Up Study of 108 Patients. Food Sci. Technol. 2021,
42, e54421. [CrossRef]

Shimoji, K.; Kano, T. Other Methods: Minimally Invasive Techniques in Pain Clinic. In Chronic Pain Management in General and
Hospital Practice; Springer: Singapore, 2021; pp. 141-171.

Jain, S.; Deer, T; Sayed, D.; Chopra, P.; Wahezi, S.; Jassal, N.; Weisbein, J.; Jameson, J.; Malinowski, M.; Golovac, S. Minimally
Invasive Lumbar Decompression: A Review of Indications, Techniques, Efficacy and Safety. Pain Manag. 2020, 10, 331-348.
[CrossRef] [PubMed]


https://doi.org/10.1212/01.wnl.0000544322.26939.09
https://www.ncbi.nlm.nih.gov/pubmed/30120136
https://doi.org/10.1371/journal.pone.0285327
https://www.ncbi.nlm.nih.gov/pubmed/37146040
https://doi.org/10.21668/health.risk/2015.3.07.eng
https://doi.org/10.2217/pmt-2022-0039
https://www.ncbi.nlm.nih.gov/pubmed/36196857
https://doi.org/10.1179/2042618612Y.0000000001
https://doi.org/10.1111/j.1475-6773.2005.0k375.x
https://doi.org/10.1081/COPD-200050651
https://doi.org/10.1179/jmt.2008.16.4.82E
https://doi.org/10.5867/medwave.2021.03.8149
https://doi.org/10.1016/S0304-3959(01)00349-9
https://www.ncbi.nlm.nih.gov/pubmed/11690728
https://doi.org/10.1016/j.spinee.2007.11.006
https://www.ncbi.nlm.nih.gov/pubmed/18201937
https://doi.org/10.1186/1471-2474-14-148
https://www.ncbi.nlm.nih.gov/pubmed/23622053
https://doi.org/10.1016/j.spinee.2005.09.004
https://www.ncbi.nlm.nih.gov/pubmed/16413443
https://doi.org/10.1007/s00586-011-1959-3
https://www.ncbi.nlm.nih.gov/pubmed/21823035
https://doi.org/10.1097/BRS.0000000000002298
https://www.ncbi.nlm.nih.gov/pubmed/28658040
https://doi.org/10.1001/jama.282.12.1157
https://doi.org/10.1016/0197-2456(89)90005-6
https://doi.org/10.1046/j.1365-2753.2000.00238.x
https://doi.org/10.1016/j.jclinepi.2009.01.024
https://www.ncbi.nlm.nih.gov/pubmed/17304654
https://doi.org/10.34172/jlms.2020.67
https://www.ncbi.nlm.nih.gov/pubmed/33425293
https://doi.org/10.1590/fst.54421
https://doi.org/10.2217/pmt-2020-0037
https://www.ncbi.nlm.nih.gov/pubmed/32609052

J. Clin. Med. 2024, 13, 234 16 of 16

41.

42.

43.

44.

45.

46.

47.

48.

49.

Thorson, D.; Campbell, R.; Massey, M.; Mueller, B.; McCathie, B.; Richards, H.; Peterson, S.; Kramer, C.; Ginkel, T.; Dvorkin, J.;
et al. Health Care Guideline: Adult Acute and Subacute Low Back Pain 16th Edition; Institute for Clinical Systems Improvement:
Bloomington, MN, USA, 2018.

Hegmann, K.T.; Travis, R.; Andersson, G.B.; Belcourt, R.M.; Carragee, E.].; Donelson, R.; Eskay-Auerbach, M.; Galper, J.; Goertz,
M.; Haldeman, S. Non-Invasive and Minimally Invasive Management of Low Back Disorders. J. Occup. Environ. Med. 2020, 62,
e111-e138. [CrossRef] [PubMed]

Kerr, D.; Zhao, W.; Lurie, ].D. What are Long-Term Predictors of Outcomes for Lumbar Disc Herniation? A Randomized and
Observational Study. Clin. Orthop. Relat. Res. 2015, 473, 1920-1930. [CrossRef] [PubMed]

Luoma, K.; Rithiméki, H.; Raininko, R.; Luukkonen, R.; Lamminen, A.; Viikari-Juntura, E. Lumbar Disc Degeneration in Relation
to Occupation. Scand. |. Work Environ. Health 1998, 24, 358-366. [CrossRef]

Videman, T.; Levélahti, E.; Battié, M.C. The Effects of Anthropometrics, Lifting Strength, and Physical Activities in Disc
Degeneration. Spine 2007, 32, 1406-1413. [CrossRef]

Zawilla, N.H.; Darweesh, H.; Mansour, N.; Helal, S.; Taha, EM.; Awadallah, M.; El Shazly, R. Matrix Metalloproteinase-3,
Vitamin D Receptor Gene Polymorphisms, and Occupational Risk Factors in Lumbar Disc Degeneration. J. Occup. Rehabil. 2014,
24,370-381. [CrossRef]

Jang, T.; Ahn, Y,; Byun, J.; Lee, J.; Kim, K.; Kim, Y.; Song, H.; Lee, C.; Kwon, Y.; Yoon, J. Lumbar Intervertebral Disc Degeneration
and Related Factors in Korean Firefighters. BMJ] Open 2016, 6, e011587. [CrossRef]

Mundt, D.J.; Kelsey, J.L.; Golden, A.L.; Pastides, H.; Berg, A.T,; Sklar, J.; Hosea, T.; Panjabi, M.M. An Epidemiologic Study
of Non-Occupational Lifting as a Risk Factor for Herniated Lumbar Intervertebral Disc. Spine 1993, 18, 595-602. [CrossRef]
[PubMed]

Dewing, C.B.; Provencher, M.T,; Riffenburgh, R.H.; Kerr, S.; Manos, R.E. The Outcomes of Lumbar Microdiscectomy in a Young,
Active Population: Correlation by Herniation Type and Level. Spine 2008, 33, 33-38. [CrossRef] [PubMed]

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


https://doi.org/10.1097/JOM.0000000000001812
https://www.ncbi.nlm.nih.gov/pubmed/31977923
https://doi.org/10.1007/s11999-014-3803-7
https://www.ncbi.nlm.nih.gov/pubmed/25057116
https://doi.org/10.5271/sjweh.356
https://doi.org/10.1097/BRS.0b013e31806011fa
https://doi.org/10.1007/s10926-013-9472-7
https://doi.org/10.1136/bmjopen-2016-011587
https://doi.org/10.1097/00007632-199304000-00012
https://www.ncbi.nlm.nih.gov/pubmed/8484151
https://doi.org/10.1097/BRS.0b013e31815e3a42
https://www.ncbi.nlm.nih.gov/pubmed/18165746

	Introduction 
	Patients and Methods 
	Study Design 
	Participants 
	Intervention and Follow-Up 
	Outcome Parameters 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

