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Objective: Lumbar facet joints (FJs) are a common source of chronic low back pain (LBP). Focused extracorporeal shock WQ
therapy (ESWT) has demonstrated potential in the treatment of musculoskeletal disorders due to its deeper tissue penetration and
safety profile. This study aimed to evaluate the efficacy and safety of ESWT in the management of lumbar facet joint pain.
Methods: A prospective, randomized, sham-controlled trial was conducted in 128 patients with chronic lumbar facet syndrome
confirmed by medial branch block. Patients were randomized to receive either focused ESWT (Group A, n = 64; 0.35 mJ/mm?,
1200 shocks/session = 600 shocks per segment, 5 weekly sessions) or sham therapy (Group B, n = 64). Pain intensity (VAS),
disability (ODI), and neuropathic pain features (PainDETECT questionnaire) were assessed at 2, 6, and 12 months. Lumbar spine
MRI was performed at baseline and 6 months post-treatment.

Results: Group A showed significant reductions in VAS scores at 6 and 12 months (mean 64.4% reduction at 12 months,
P<0.01), with an effect size (Cohen’s d = 1.12). ODI decreased by 42.3% in Group A compared to 12.5% in the sham group.
Neuropathic pain symptoms improved significantly only in Group A (PD-Q reduction from 18.3 + 2.4 to 10.2 = 1.9; P<0.01). MRI
follow-up demonstrated resolution of bone marrow edema in 58.8% of ESWT-treated patients versus none in the control group.
No adverse effects were reported.

Conclusions: High-energy focused ESWT is a safe and effective non-invasive therapy for chronic lumbar facet joint pain, showing
sustained improvements in pain, function, and neuropathic symptoms. MRI findings support its biological effect on joint-related
bone marrow edema. ESWT represents a promising alternative to interventional pain procedures.
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Introduction

Anatomically, a motion segment of the lumbar spine consists of
an intervertebral disc and two facet (zygoapohyseal) joints, with
ligaments and muscular tissue. Traditionally, pain of neuro-
pathic origin in this area has been correlated mainly with radi-
culopathy, which is caused by nerve root compression. A common
cause is disc prolapse or foraminostenosis originating from chon-
dral plate degeneration and spurs in the affected facet joints (FJs).
FJ may also play a role in local neuropathic pain development,
usually combined with a nociceptive component'™?!, Facet joints
bear more than 20% of the weight of the upper trunk; therefore,
degeneration, destruction of the chondral plate, and
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HIGHLIGHTS

e First RCT to evaluate focused ESWT in lumbar facet joint
pain treatment.

e ESWT is safe, non-invasive, and effective short- and long-
term.

e ESWT may serve as an alternative to invasive pain
interventions.

e MRI showed reduction of bone marrow edema after
ESWT.

e Suggests broader biological effects beyond pain relief.

development of spurs and calcifications™ lead to an inflamma-
tory cascade in the joints and surrounding soft tissues. This may
develop into a painful vicious cycle of neurogenic inflammation
and/or mechanical compression of the medial branch of the
dorsal nerve root. Progressive FJ degeneration is not only an
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issue in the elderly population but also in young active indivi-
duals with a predisposition to low back pain. The prevalence of
chronic low back pain of FJ origin is very high, and according to
the literature, it contributes to 31% of chronic low back pain!*!.
Lumbar facet joint syndrome, which was originally described
80 years agol’l, is characterized by localized para-axial or lateral
low back pain, elicited by hyperextension or rotation in the
lumbar area, with a typical referred pattern of pain to the
buttocks and posterior or anterolateral thigh. Patients usually
do not describe pain irradiation below the knee'. In some
patients, signs of neuropathic pain sensation are also present,
including numbness, paresthesia, or allodynia, and more rarely,
they develop trophic changes!!.

Diagnosis of facet-mediated LBP remains challenging.
Imaging (MRI, CT) provides limited specificity. Therefore, diag-
nostic medial branch blocks (MBBs) under imaging guidance
remain the gold standard for confirming facetogenic pain.
A 250% reduction in pain following ultrasound- or fluoro-
scopy-guided local anesthetic injection is generally accepted as
a positive criterion!”*, Differential diagnosis must exclude dis-
cogenic, myofascial, and radicular pain syndromes using clini-
cal, imaging, and where appropriate, electrophysiological
criteria. Bone hypermetabolism evaluation via bone scintigraphy
and single-photon emission computed tomography may offer
additional information about inflammatory activity around the
affected FJ and for the exclusion of mass lesions and possible red
flags in low back pain!®'°!,

Interventional therapeutic approaches in FJ pain include FJ
intra-articular injections with limited evidence III, medial branch
anesthetic block with a level of evidence II-1 or II-2!*! with shorter
term pain relief, and radiofrequency medial branch neurotomy
[RMBN], considered as a gold standard in lumbar FJ pain with
a longer-lasting analgesic effect (6 months to almost 2 years), with
a level of evidence II-1™"!, Various types of guidance, including
fluoroscopy, CT, and, more recently, ultrasound guidance, are
used for accurate needle placement!'?!. However, both steroid
injections and RMBN are percutaneous interventional procedures
and may carry a non-negligible risk of complications, such as
pyogenic infections!'¥)] chemical meningitis!'*, bleeding!"*!, and
rare but possible damage to neural structures. In mild cases,
multifidus muscle atrophy has been observed!'®!. In cases of inap-
propriate needle or electrode placement, sensory or motor loss
due to nerve root damage has been described!”.

Other treatment options for FJ pain may include pharmacologi-
cal treatment — third-generation anticonvulsant pregabalin,
NSAIDs, and/or opioids. Certain rehabilitation techniques, exer-
cise therapy, or spinal manipulation may have an additional posi-
tive effect on the treatment of this common painful condition!>'®l.

Extracorporeal shockwave therapy (ESWT), originally devel-
oped for lithotripsy, is increasingly explored as a treatment for
musculoskeletal conditions. ESWT includes two types of energy
delivery: focused (ESWT) and radial pressure waves (RPWs),
which differ in penetration depth and physical properties.
Focused ESWT, due to its greater tissue penetration, has demon-
strated efficacy in deeper tissues, including subchondral bone™’!.
It is, however, unclear how the different characteristics of ESWT
are related to clinical effectiveness.

Studies on the biological effects of shockwave therapy have
mainly used ESWT, showing a number of effects of shockwaves
on biological tissues. The effect of ESWT is created by a direct
mechanical load on the structure, which can be used in the
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disintegration of calcifying processes, such as shoulder calcifying
tendonitis. The biological effects of ESWT have been observed in
tendon tissue healing!>?°!, cartilage repair®!!, osteogenesis'**, and
pain modulation'*!. ESWT has also been shown to improve motor
function and pain in animal studies looking at osteoarthritis>*!.
Complex interactions between the mechanical load and tissue
response are sometimes described as mechanotransduction®’!,

In animal and in vitro studies, the authors also investigated
the direct effect of ESWT application on neural structures.
Murata et al®*! studied the expression of activating transcription
factor 3 (ATF3) and growth-associated phosphoprotein (GAP-
43) as markers of nerve injury and axonal regeneration in
experimental rats. In conclusion, ESWT application can lead to
desensitization of the area of exposure. Mense et al*®! observed
that significant improvements in nerve regeneration were
observed in a rodent model of nerve compression using low-
energy ESWT. Another study?”! reported improvements in scia-
tic nerve regeneration due to neurotrophin-3 expression in
experimental sciatic nerve lesions in rats. Similar pathophysio-
logical principles, such as arthritis, chondral plate damage, nerve
fiber inflammation, and entrapment, play an important role in
the pathophysiology of FJ pain development.

Recent studies also investigated effects of ESWT on the spine.
In a rat model of spinal disc degeneration, low-energy shock-
waves promoted disc regeneration (restoring disc height and
hydration) and improved the microenvironment for repair®®l,
Similarly, in a spinal cord injury model, repeated ESWT reduced
tissue inflammation and enhanced neural tissue regeneration,
leading to improved locomotor function'), These findings sug-
gest that ESWT may attenuate chronic inflammation in the spine
and facilitate tissue healing.

Human clinical studies have also shown significant effects of
ESWT on peripheral nerve regeneration. Multiple papers!>°->!
have described the positive effects of ESWT on clinical and
electrophysiological variables in patients with carpal tunnel syn-
drome (CTS). Recent meta-analyses on carpal tunnel syndrome
have shown that both focused ESWT and RPW are more clini-
cally effective than controls in symptom relief, functional
enhancement, and electrophysiologic parameter improvement
for patients with mild-to-moderate CTS at any time point of
follow-up; however, larger and higher quality RCTs with more
stringent design and longer follow-up are recommended for
clear results>¥,

With regard to spine ESWT treatment, a prospective rando-
mized controlled trial®* found positive short-term results of
ESWT in sacroiliac joint pain. There is also evidence of ESWT
efficacy for myofascial low back pain!**! and a randomized con-
trolled trial on ESWT in coccydynia®®. Recent meta-analyses
have also described ESWT as a safe and effective approach for
different kinds of non-specific chronic low back pain!>**7-3%],
Newer studies also pointed out both the short- and long-term
pain relief of focused ESWTE?!, One study!*”! compared quad-
ratus lumborum trigger point injections to ESWT and found that
ESWT was more efficacious than corticosteroid TPI in improving
quality of life and disability and was related to a greater likelihood
of at least a 30% decrease in pain intensity and disability and at
least a 20% improvement in quality of life in treated patients
compared to corticosteroid TPL

Several trials have tested ESWT as an adjunct or alternative to
conventional therapies. Lee et al*"! divided 28 chronic low back
pain patients into two groups: both groups received a 6-week
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exercise therapy program, but one group also received weekly
ESWT sessions. The ESWT + exercise group had greater pain
relief and improved dynamic balance ability compared to exer-
cise alone.

Notably, one clinical trial found that ESWT not only reduced
back pain but also improved nerve conduction velocities in
peripheral nerves*?l. The authors randomized 30 patients to
either ESWT or a standard exercise rehabilitation program.
After 1 and 3 months, the ESWT group showed significantly
lower pain scores and disability indices (Roland—Morris and
Oswestry scores) than the exercise group. Moreover, nerve con-
duction studies in the ESWT group demonstrated improved
sensory and motor nerve function, whereas the exercise group
had no significant EMG changes. These findings highlight
ESWT’s ability to provide not just symptomatic relief but also
potential physiological improvement. Liu et all*”! performed
a comprehensive meta-analysis of 12 RCTs (632 patients) spe-
cifically to evaluate ESWT in chronic low back pain. The results
showed significantly greater pain relief and improvements in the
disability index with ESWT than with control interventions at
both 4 weeks and 12 weeks follow-up. Overall, the authors
concluded that ESWT provides better pain and function out-
comes than placebo or standard care in chronic back pain,
reinforcing it as a valuable non-invasive treatment.

ESWT seems to be effective in treatment of bone marrow edema
(BME) in various locations!*?!. The mechanism of its action may
include promoting a tissue’s self-healing capabilities'**l. In bone
tissue, this involves stimulation of osteoblasts and periosteal cells,
differentiation of stem cells, and increased secretion of nitric oxide
synthase and vascular endothelial growth factor, thus leading to
increased neovascularization!*!. ESWT has been also proven to be
effective in conservative treatment of avascular necrosis of the
femoral head™®!. In lower back pain, BME is represented by
Modic I changes - specific hyperintense T2-weighted abnormalities
on magnetic resonance imaging (MRI) — which were shown to
represent bone marrow edema and inflammation*”). Studies
using MRI T2-weighted fat-suppressed sequences have demon-
strated facet joint BME in 14% to 41% of patients with chronic
low back paint*®*!. Up to date, no clinical trials investigated
ESWT effects on spine BME so far.

In our previous retrospective pilot study™!, we confirmed the
efficacy of RPW on long-term pain relief and quality of life in
patients with lumbar facet joint pain against standard treatment
options for FJ pain — medial branch anesthetic block and radio-
frequency neurotomy. The shockwave group achieved superior
long-term pain relief compared to the injection group and only
slightly less pain relief than the radiofrequency group.
Importantly, both the ESWT and radiofrequency groups showed
significant long-term improvement in daily functional activities,
whereas steroid injections yielded more transient benefits. No
adverse effects were observed with ESWT. This study suggested
that non-invasive shockwave therapy could provide lasting relief
comparable to the “gold-standard” medial neurotomy, conclud-
ing ESWT as a safe and promising option for lumbar facet joint
pain. However, from some perspectives, RPW did not succeed.
We did not observe a significant long-term effect in patients with
a high BMI (BMI>30), and only a negligible influence on neuro-
pathic pain was found.

Based on these findings, we designed a prospective, rando-
mized sham-controlled trial to assess the efficacy and safety of
high-energy fESWT in patients with chronic unilateral FJ pain.

Our primary objectives were to evaluate changes in nociceptive
and neuropathic pain, quality of life, and imaging findings in
short- and long-term follow-up.

Study objective and inclusion and exclusion criteria

This prospective, randomized, sham-controlled clinical trial
enrolled 128 patients diagnosed with chronic, unilateral lumbar
FJ pain. Recruitment was conducted between February 2020
and March 2022 at a single specialized outpatient center for
spine disorders and pain medicine.

The study aimed to evaluate the efficacy of high-energy,
focused ESWT in reducing pain and disability in this patient
population.

Inclusion criteria required patients experiencing chronic per-
sistent or intermittent, but recurrent localized lumbar pain per-
sisting for >3 months, without radiation below the knee, and
showing mechanical provocation (e.g. pain on extension and
rotation). All patients underwent standardized diagnostic ultra-
sound-guided medial branch nerve block, using 5 mL of 1%
trimecaine per segment, to confirm facet-mediated pain"'l.
Blocks were applied to two adjacent medial branches innervat-
ing the target FJ to cover both ascending and descending fibers,
consistent with established techniques for facet joint innervation
patterns. Patients were considered eligible only if they achieved
a reduction of 250% in pain intensity on the visual analog scale
(VAS) within 60 minutes after injection®?. This diagnostic
threshold aligns with international recommendations and clin-
ical practice guidelines!”!. To avoid short-term anesthetic inter-
ference with subsequent treatment, shockwave therapy was
initiated a minimum of three weeks after diagnostic block
administration.

Rigorous exclusion criteria were applied to minimize con-
founding pain sources. Patients were excluded if they presented
with

o Clinical signs of radiculopathy, including dermatomal sen-
sory deficits, motor weakness, or positive nerve tension
signs.

e Abnormal findings on electromyography (EMG), including
evidence of polyneuropathy, plexopathy, or radicular lesion.

e Radiographic findings of lumbar disc herniation, nerve root
compression, spinal stenosis, vertebral instability, spondylo-
listhesis, fractures, or tumors on MRI.

e Metabolic comorbidities such as diabetes mellitus or thyroid
dysfunction, due to their potential influence on peripheral
nerve function and neuropathic pain profiles.

This strict selection protocol was designed to isolate lumbar
facet joint pain and avoid confounding from overlapping mus-
culoskeletal or neuropathic conditions.

Methods

This study enrolled 128 patients with chronic, unilateral lumbar
facet joint (FJ) pain who responded to diagnostic ultrasound-
guided medial branch block, as described in the previous section.
All procedures were conducted at a single outpatient pain med-
icine center. The study protocol was reviewed and approved by
the local ethics committee in January 2020.
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Patients were randomly assigned in a 1:1 ratio to one of the
two groups:

Group A (Treatment Group): high-energy, focused extracor-
poreal shockwave therapy (ESWT).

Group B (Control Group): sham treatment

Each group included 64 patients with comparable demo-
graphic profiles (Group A: 33 men, 31 women; mean age:
44 years; Group B: 35 men, 29 women; mean age: 39 years).
All participants underwent comprehensive clinical assessment
by a neurologist and a rehabilitation physician. This included
spinal range-of-motion evaluation, assessment of muscle spasm
and trigger points, motor strength testing, deep tendon reflexes,
and sensory evaluation (tactile discrimination and vibration
testing). Magnetic resonance imaging (MRI) of the lumbar
spine was performed prior to treatment and repeated six months
after study completion to evaluate safety and structural changes.
All patients underwent conduction and needle electromyogra-
phy (EMG) studies to exclude polyneuropathy, radiculopathy,
or plexopathy. Blood panels included renal, hepatic, glycemic,
electrolyte, and thyroid function (FT3, FT4, TSH) parameters.

To minimize variability, all participants were instructed to
discontinue other conservative therapies, including NSAIDs,
physical therapy, or spinal manipulation, during the study.
Only a standardized home-based exercise therapy protocol was
permitted, consisting of core stabilization and lumbar extension
exercises administered at the same frequency and intensity
across both groups. Compliance was monitored at follow-ups
via self-report and therapist feedback. This study was conducted
and reported in accordance with the Consolidated Standards of
Reporting Trials (CONSORT) guidelines"**.

Randomization protocol

Randomization was performed using a computer-generated
sequence with random block sizes (2-4), stratified by site.
Allocation was concealed using sealed opaque envelopes mana-
ged by a study coordinator, who was not involved in treatment
or assessment. Patients were blinded to group allocation, and
outcome assessors were likewise blinded. Treating providers,
trained and certified for the use of focused ESWT electromag-
netic device, were not blinded due to the physical setup require-
ments of the device.

Pain and outcome measurement

Pain intensity was measured using the Visual Analog Scale (VAS,
0-10 cm) at baseline, and at 2, 6, and 12 months post-treatment.
Disability related to low back pain was assessed using the
Modified Oswestry Disability Index (ODI) at the same intervals.
Neuropathic pain features were assessed using the PainDETECT
Questionnaire (PD-Q), a validated tool in study participants’
native language (Czech), which quantifies clinical signs of neu-
ropathic pain such as burning, allodynia, paresthesia, and
numbness’®*! to measure neuropathic pain.

Statistical analysis

Statistical analysis was conducted using SPSS Statistica v10 (SPSS
Inc., Chicago, IL, USA). Between-group comparisons were per-
formed using one-way analysis of variance (ANOVA)PSL,
Repeated measures ANOVA were used to assess changes over
time. Significance was set at P < 0.05, and 95% confidence
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intervals (Cls) were reported where appropriate. Subgroup ana-
lyses (e.g. neuropathic pain and evaluation in overweight patients,
BMI >28) were pre-planned.

Therapeutic protocol

Focused ESWT was administered using the Storz Duolith SD-1
electromagnetic device (Storz Medical AG, Tagerwilen,
Switzerland). The energy flux density (EFD) was set at 0.35
m]J/mm?, with a frequency of 4 Hz. Each session included 1200
shocks, delivered over five weekly sessions.

Ultrasound guidance was used to identify the facet joint
orientation and target depth, and the optimal angle of the appli-
cator head was marked on the skin to ensure consistent position-
ing throughout treatment [see Figs 1 and 2].

According to the manufacturer information (Storz Medical
Duolith SD-1, rev. 26 140.0002), the applicator head used in
this study produces a focal zone at 65 mm with a therapeutically
effective penetration depth (5 MPa) reaching up to 125 mm.
Given that the facet joints receive dual segmental innervation,
treatment was applied at both the affected segment and the
adjacent superior level (600 shocks per level). For example, for
L4/L5 FJ pain, the L3/L4 and L4/L5 medial branch regions were
targeted. The setup was similar to diagnostic block*!l,

Sham control group device setup

In Group B (sham treatment), the same device was used with
identical settings for frequency, energy, and session length.
However, a custom-designed, slim air-filled polyurethane inter-
face was inserted between the applicator head and the skin,
effectively absorbing the shockwaves and preventing energy
transmission into the tissues. The Pat approach has been vali-
dated in previous placebo-controlled ESWT trials and was
designed to mimic the auditory and tactile sensations of real
treatment without delivering therapeutic energy®>°¢l, Post-
treatment, patients were asked to guess their group assignment
to assess the effectiveness of blinding.

Adverse events and Safety

No serious adverse events were reported in either group. Eight
patients experienced mild-to-moderate pain flare within 24 hours
after treatment (six in Group A, two in Group B), which was
successfully managed with a single dose of oral NSAIDs or para-
cetamol. All symptoms resolved spontaneously. No clinical neu-
rological deficits and skin or soft tissue injuries were observed.

Results

Data from all 128 enrolled participants (n =64 in each group)
were included in the final analysis, with no dropouts or missing
follow-up points.

Pain intensity (VAS)

At baseline, the mean Visual Analog Scale (VAS) score was 5.9
+ 1.0 cm in the ESWT group (Group A) and 6.5 = 1.8 cm in the
sham group (Group B). Both groups exhibited statistically sig-
nificant reductions in VAS scores at the 2-month follow-up
(Group A: P = 0.03; Group B: P = 0.01). However, only Group
A demonstrated sustained pain reduction at 6 and 12 months
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Figure 1. In-plane ultrasound visualisation of lumbar facet joint. Linear probe, 5 MHz, focus depth set to 28 mm. FJ — corresponding facet joints. A position of
facet joints and appropriate segment was marked on the skin, maintaining the same position for treatment [image from author’s archive].

(Group A: P < 0.01), whereas pain scores in Group B returned
toward baseline by 12 months [Fig 3].

The mean VAS score in Group A declined to 3.0 = 1.4 at 6
months and 2.1 = 1.2 at 12 months, representing a 64.4%
reduction from baseline. In contrast, Group B showed only
a transient decrease (mean 3.8 = 1.5 at 2 months), followed by
partial relapse (5.5 + 1.6 at 12 months). The between-group
difference in VAS at 12 months was 3.4 cm (95% CI: 2.8-4.1;
P <0.01), Cohen’sd = 1.12.

X

3

L

Figure 2. Scheme of application head (Storz Duolith) positioning. We used
ultrasound (see Image 1) as well as clinical focusing - elicited pain in treatment
area). After delivering 600 shocks to affected segments, we have moved the
head upwards to treat the upper segments.

_

Disability index (Modified Oswestry Disability index—ODI)

The Modified Oswestry Disability Index (ODI) improved sig-
nificantly in both groups at 2 months (P < 0.05). However,
continued improvement was seen only in the ESWT group,
with sustained reduction in disability scores at 6 and 12 months
[Fig 4a]. In the control group, ODI returned close to baseline
values by 12 months. The ESWT group exhibited a mean ODI
reduction of 42.3% at 12 months, compared to 12.5% in the
control group.

Neuropathic pain intensity (PainDETECT Score)

The PainDETECT (PD-Q) neuropathic pain questionnairel®”!
was used to quantify the clinical signs of neuropathic pain (i.e.
irradiating pain, itchiness, dull pain, paresthesia, or numbness).
Among all participants, 27 patients in Group A and 22 in Group
B (total n = 49) exhibited baseline neuropathic pain symptoms
according to the PainDETECT Questionnaire (PD-Q).

Baseline PD-Q scores in this subgroup were 18.3 = 2.4 (Group
A) and 17.9 = 2.6 (Group B). Over the 12-month follow-up, only
the ESWT group demonstrated a significant reduction in PD-Q
scores (to 10.2 = 1.9; P < 0.01), with no significant change in
Group B. Subgroup analysis confirmed this effect persisted even
after adjusting for baseline PD-Q severity [Fig 4b]. These results
support the hypothesis that ESWT may exert therapeutic effects
on neuropathic pain components in lumbar facet joint syndrome.

BMiI-dependent response

Subgroup analysis of patients with BMI >28 (n =34 in Group A,
n =31 in Group B, n =65 in both groups) demonstrated signifi-
cantly better pain reduction in the ESWT group compared to
controls (P < 0.01), suggesting greater tissue penetration with
focused energy may be especially beneficial in overweight
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Figure 3. VAS [cm] values comparison between Group A — ESWT (on the left side, “a”) and Group B — sham- ESWT (on the right side, “b”) at 2, 6, and 12 months
follow-up. Mean, maximum, and minimal values for each parameter are stated graphically, as well as 3Q and 2Q box plots. Significant results [P<0.05] marked with *.

individuals. The mean VAS reduction in this subgroup was
65.7% in Group A vs. 17.4% in Group B at 12 months [Fig 4c].

MRI findings and safety

All patients underwent lumbar MRI at baseline and >6 months
post-treatment. No structural damage (e.g. hemorrhage, frac-
ture, spine instability, or soft tissue injury) attributable to shock-
wave therapy was observed in either group, supporting the
safety profile of high-energy, focused ESWT at 0.35 mJ/mm?.

As a secondary output, among 17 patients in Group A with
baseline bone marrow edema in the facet joints or vertebral
bodies (Modic changes), 10 patients (58.8%) demonstrated sub-
stantial resolution of edema at follow-up. This resolution was
defined as a > 50% reduction in the hyperintense area on T2-
weighted MRI imaging, confirmed by two blinded radiologists.
Inter-rater reliability evaluating the MRI was high (Cohen’s
k = 0.87), confirming the consistency of imaging evaluations.

In contrast, no significant MRI changes were seen in the 20
patients with bone marrow edema in the control group.
Representative imaging changes are shown in Fig 5.

These findings support the hypothesis that bone marrow
edema contributes to nociceptive sensitization in facet joint
pain®®! and that its resolution may represent a biological corre-
late of ESWT therapeutic effect!*3,

Discussion

This randomized, sham-controlled trial provides evidence sup-
porting the efficacy and safety of high-energy, focused ESWT in
the treatment of chronic lumbar facet joint pain. The study
demonstrated clinically meaningful improvements in pain inten-
sity, disability, and neuropathic pain features, with sustained
long-term effects up to 12 months. Furthermore, this study
introduces novel, clinical, and imaging-based insights into the

modulation of bone marrow edema (BME) in the spine by
focused ESWT.

Focused ESWT vs. radial shockwave and invasive
interventions

Previous studies evaluating radial pressure wave (RPW) therapy
in low back pain, including our own retrospective analysis>],
reported moderate pain relief, with notable limitations in
patients with higher body mass index (BMI) or deeper facet
joint involvement. Radial shockwaves, limited to superficial
tissue penetration (~3-6 cm), may not adequately reach the
joints and its innervation, particularly in overweight or obese
individuals.

In contrast, the current study used focused ESWT with a focal
depth of 6.5 cm and penetration depth (5 MPa area) of up to
12.5 cm, effectively addressing this limitation. Our results
showed a 65% reduction in mean VAS scores at 12 months
(95% CI: 58-72%; P < 0.01), which compares favourably
with typical outcomes reported for radiofrequency medial
branch neurotomy (RMBN), where pain relief often ranges
from 50% to 60%!”""!. Unlike RMBN, however, ESWT is
non-invasive, does not carry the risks of nerve damage, bleeding,
infection, or post-procedural muscle atrophy, and does not
require fluoroscopic guidance or sedation. Regarding the depth
and targeting of therapeutic energy in the current study, ultra-
sound-guided applicator positioning was used, maintaining the
position of FJ in the optimal angle and focus depth of the ESWT
applicator.

While prior studies of Notarnicola et al and Lee et al*"**
have reported the benefits of ESWT in non-specific chronic low
back pain, this is the first prospective randomized trial focusing
on imaging-confirmed, anesthetic block-positive lumbar facet
syndrome. It also advances the field by refining patient selection,
targeting protocols, and outcome assessment over an extended
follow-up period.
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Figure 4 (A) Modified Oswestry score [%)] values comparison between treatment Group A and control Group B at baseline, 2, 6, and 12 months follow-up. Mean,
maximum, and minimal values for each parameter are stated graphically. Significant results [P<0.05] marked with *. (B): Pain DETECT neuropathic pain
questionnaire (PD-Q) values comparison between treatment Group A and control group B at baseline, 2, 6, and 12 months follow-up. (C) Visual Analog Scale
(VAS) values in BMI >28 patients — comparison between treatment Group A and control Group B at baseline, 2, 6, and 12 months follow-up.
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Figure 5. MRI findings of bone marrow edema reduction within the articular
process of treated FJ L4/5, 12 months follow-up after the treatment [image
from author’s archive].

Neuropathic pain modulation and mechanistic insights

A significant finding in our study is the reduction in neuropathic
pain symptoms, as measured by the PainDETECT question-
naire. Nearly one-third of patients exhibited neuropathic com-
ponents, and ESWT significantly improved PD-Q scores at
12 months, a result not observed in the sham group. Although
the presence of neuropathic pain in facet joint degeneration may
be debated, our findings, as aligned with preclinical and clinical
evidence, support a neuromodulatory effect.

Animal studies have demonstrated that ESWT promotes
peripheral nerve regeneration, reduces inflammatory media-
tors, and enhances neurotrophin expression (e.g. NT-3, GAP-
43, and ATF3). Mense et al and Murata et al?>?®! showed
improved nerve repair and function in models of nerve com-
pression following ESWT. In vitro, ESWT has been shown to
enhance Schwann cell proliferation, axonal elongation, and
remyelination through upregulation of VEGF and modula-
tion of the ERK/MAPK signaling pathways!?”*?l. These
changes are consistent with improved functional recovery
observed in animal models of nerve injury.

Clinically, studies of Ke et al, Wu et al, and Zhang et all-
3031331 reported improved electrophysiological markers and
pain scores in carpal tunnel syndrome following focused
ESWT and RPW, further validating its effect on neural tis-
sue. Our study contributes to this body of work by providing
new evidence for similar effects in a spinal application, sug-
gesting that ESWT may benefit patients with facet joint-
related neuropathic pain.

Although we did not perform post-treatment electrophysiol-
ogy, our exclusion of peripheral nerve involvement at baseline
(polyneuropathy and radiculopathy), combined with PD-Q
result analysis, ensures the maximum diagnostic relevance and
may provide a clinical basis for future studies.

Bone marrow edema (BME): a novel imaging correlate

A particularly novel contribution of this study, considered as an
important secondary outcome, is the observation of BME
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resolution in lumbar facet joints and adjacent vertebrae follow-
ing focused ESWT. Among 17 patients with Modic type I or 1T
changes at baseline, 10 showed substantial reduction in edema,
defined as a visible reduction or disappearance (250% decrease)
of the hyperintense signal in the affected region, as evaluated
independently using a binary scoring system (present/absent).
These results may suggest a biological influence of ESWT on
vertebral body and articular inflammatory processes.

Modic changes, particularly type I, have been implicated as
pain generators in chronic low back pain, associated with both
mechanical and inflammatory pathways. Studies of Alpayci et al
and Suri et al***%! emphasized the relationship between BME
and facet joint degeneration. While ESWT has previously been
shown to reduce subchondral BME in weight-bearing joints such
as the knee and hip, including in osteoarthritis and avascular
necrosis of the femoral head, the devices used in those studies
were similarly high-energy, focused systems. For example,
HaufRer et al**! demonstrated reduction of BME in the femoral
head in avascular necrosis using a focused ESWT device.
Similarly, Gao et al'**! showed reduced knee BME in osteoar-
thritic patients following focused shockwave therapy. These
parallels suggest a shared biological mechanism across joints:
mechanotransduction-induced angiogenesis, osteoblast activa-
tion, and reduced subchondral inflammation.

Our findings represent the first application of this approach in
the spine, extending the therapeutic potential of focused ESWT
to spinal joint-related BME. Conversely, imaging alone is not
definitive evidence of therapeutic success. However, our imaging
findings parallel clinical outcome improvements and suggest
that structural changes may reflect underlying biological mod-
ulation rather than placebo effects. The durability of clinical
effects observed at long-term follow-up of 12 months further
supports this conclusion.

Study limitations and future research directions

Our study has certain limitations. First, while EMG and imaging
were used to exclude confounding diagnoses at baseline, we did
not include follow-up electrophysiological assessments.
Incorporating post-treatment EMG and nerve conduction stu-
dies would provide objective validation of the neuromodulatory
effects indicated by PD-Q score reductions. Specific neurophy-
siological protocols including F-wave latency, sensory conduc-
tion velocity, and quantitative EMG and evaluation of
paraspinal muscles could help confirm the neural impact of
fESWT and should be analyzed in relation to affected derma-
tomes and facet innervation patterns.

Second, the study was conducted as a single center, and the
results may not be fully generalizable to more diverse popula-
tions or healthcare settings.

Third, our cohort was selected based on positive response to
diagnostic medial branch blocks, which, although a gold stan-
dard for facet pain diagnosis, may limit extrapolation to patients
with mixed lower back pain pathologies.

Future research should include multi-center trials, broader
patient populations, and direct comparisons, i.e. with other
non-invasive modalities such as pulsed electromagnetic field
therapy (PEMF) or high-intensity focused ultrasound (HIFU)
or complex exercise techniques, which were also reported as
effective in facet joint pain management.
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Conclusion

This randomized, sham-controlled trial demonstrated that high-
energy, focused extracorporeal shockwave therapy (ESWT) is
a safe and effective non-invasive treatment for chronic lumbar
facet joint pain. Statistically and clinically significant improve-
ments in pain intensity, functional disability, and neuropathic
pain symptoms were sustained over a 12-month follow-up
period.

Focused ESWT showed particular efficacy in subgroups with
elevated BMI and those exhibiting neuropathic pain features —
populations in whom traditional treatments often underper-
form. A novel contribution of this study is the observation of
spinal bone marrow edema including Modic change resolution
on MRI following ESWT, the first such report in the literature.
This finding, in parallel with clinical improvements, supports the
biological plausibility of ESWT-mediated modulation of joint
inflammation and nociceptive and neuropathic sensitization.

While promising, these findings should be interpreted with
caution. Larger, multi-center trials with longer-term follow-up
and more complex endpoints are needed to confirm and extend
these results. Overall, ESWT represents a promising non-inva-
sive treatment modality with the potential to address multiple
dimensions of facet joint pain through a non-invasive, well-
tolerated intervention.
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