
Novel Extracorporeal Magnetotransduction Therapy with Magnetolith® 
and Focused Electromagnetic Extracorporeal Shockwave Therapy in 

Medial Meniscal Tear – A Case Report

Introduction
Meniscal tears are classically divided into 
traumatic versus degenerative tears [1]. 
Traumatically, torn menisci possess a higher 
degree of degeneration than intact menisci. A 
torn meniscus may, thus, lead to pain and a 
lower quality of life [2]. However, the 
aforementioned differentiation is not always 
as straightforward as it may seem.
As far as, diagnosis is concerned, indicative 
physical examination often leads to magnetic 
resonance imaging (MRI) in suspected 
meniscal tears. However, even when using a 
3.0 Tesla MRI accuracy may be low for 
longitudinal tears in the posterior horn of the 
medial meniscus in anterior cruciate ligament 
(ACL)-injured patients [3]. For complex 
lesions, the sensitivity of the MRI is reported 
from the aforementioned group with 76.5%, 
specificity 88.6%, accuracy 86.5%, positive 
predictive value of 59.1%, and negative 
predictive value 94.6%. Overall, detection of 
medical meniscus tears by 3.0Tesla MRI was 
33.3–76.5%. The use of high-frequency 
ultrasound for the visualization of meniscal 
tears has not been reported yet.
Conservative management is the mainstay of 
degenerative meniscal tears with mainly 

physiotherapy, while a surgical approach at 
best with a preservation of the meniscus is 
chosen in traumatic cases [4]. However, a 
pilot experimental study reported that 
extracorporeal shockwave therapy (ESWT) 
in a single session with 0.22 mJ/mm2 energy 
flux density with a focused device promotes 
healing in the avascular area in meniscal tears 
in Wistar rats [5]. In the further course, 
ESWT effects on bone-stem/progenitor cells 
[6] as well as on the activation of ACL 
remnant cells [7] have been reported lately.
The novel Magnetolith® therapy follows the 
p r i n c i p l e  o f  e x t r a c o r p o r e a l 
magnetotransduction therapy (EMTT), 
which is a non-invasive therapeutic option. 
EMTT is a promising new technology of 
treatment based on PEMF with magnetic 
field strength between 10 and 80 mTesla and 
ver y fast oscil lating frequencies with 
100–300 kHz. EMTT is characterized by 
high-frequency oscillating magnetic fields 
with an effective transduction performance 
of >60 kiloTesla/second (kT/s). This is in 
contrast to known pulsed electromagnetic 
field (PEMF) therapy, where effective 
transduction performance is <60 kT/s with 
the commercially available PEMF devices. 

Impulses are emitted by a high-speed 
generator that is released in nanoseconds and 
an impulse release frequency of up to 8 Hz. 
The very short duration of each impulse 
ensures full electrophysical reaction without 
any temperature increase in the tissue 
including electroporation and piezoelectric 
effects. For PEMF, an experimental study 
suggests beneficial effects such as the 
inhibition of the synovitis through enhancing 
the efferocytosis of macrophages with 
reduced IL-1ß and TNF-alpha levels in 
medial meniscus tears, which has been 
reported recently [8]. In intervertebral discs, 
PEMF reduces inflammation mediated by 
NF-kappa ß and phosphorylated p38-MAPK 
signaling pathways [9].

Case Report
This case report highlights the novel clinical 
combination of  high-energ y focused 
electromagnetic ESWT with novel EMTT 
with Magnetolith® for medial meniscal tear 
visualized and follow-up by ultra-high-
frequency ultrasound and MRI. The case is 
reported according to the CARE guidelines 
for case reports [10].
A 41-year-old runner complained of medial 
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Case Report

The case report describes a non-invasive combination of novel extracorporeal magnetotransduction therapy (EMTT) with focused 
extracorporeal shockwave therapy for symptomatic medial meniscal tear in a 41-year-old gentleman. Ultra-high-frequency 33 MHz ultrasound 
revealed a complex medial meniscal tear with a ganglion confirmed by subsequent magnetic resonance imaging. Non-invasive treatment with 
combined novel Magnetolith® EMTT with focused electromagnetic extracorporeal shockwave therapy for three sessions on a weekly interval. 
Shear wave elastography at 6 months demonstrated comparable stiffness of the healed and the healthy contralateral meniscus. The healing of the 
meniscal tear could be depicted by multiparametric ultra-high-frequency ultrasound (33 MHz) with novel stress testing and shear wave 
elastography.
Keywords: Magnetic field, Extracorporeal shockwave therapy, Extracorporeal shockwave therapy, Meniscal, Ultrasound, Pain
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knee pain without a prior traumatic event. In 
physical examination, locking pain could be 
provoked on the medial knee joint space.

Diagnostic assessment
Ultra-high-frequency 33MHz ultrasound 
(Canon Aplio i800, Japan) revealed a 
complex medial meniscal tear with a ganglion 
formation (Fig. 1). Subsequent 3.0 Tesla 
MRI confirmed the complex medial meniscal 
tear and the ganglion formation (Fig. 2a-d).

Therapeutic intervention
A conservative approach was chosen with the 
unique combination of non-invasive novel 
Magnetolith® (EMTT, 8Hz, 6000 shots, 
energy level 8/8, Storz Medical, Tägerwilen, 
Switzerland) with focused electromagnetic 
ESWT (0.25 mJ/mm2, 4000 shots, 4Hz, 
Storz Medical, Tägerwilen, Switzerland) for 
three sessions on a  weekly inter val . 
Physiotherapy with strengthening of the 
thigh and proprioceptive work was initiated. 
No complications of either ESWT or EMTT 
treatment were evident, and there was no 

bleeding or hematoma. 

Outcomes
Ultra-high-frequency ultrasound stress 
testing at 3 and 6 months revealed a stable 
scar within the medial meniscal tear without 
clinical signs of locking. (Fig. 3). Stress 
te s t i n g  u n d e r  u l t r a - h i g h - f re q u e n c y 
ultrasound revealed a resolution of the tear at 
3 and 6 months with no locking and a 
favorable appearance in ultrasonic stress 
testing with knee flexion and extension 
(Video 1). Shear wave elastography of the 
medial meniscus affected (2.91 ± 0.18 m/s) 
versus the healthy (revealed 3.64 ± 0.3 m/s) 
comparable elasticity of both menisci (Fig. 4a 
and b). The higher the values in shear wave 
elastography, the higher the stiffness of the 
tissue examined. Depending on age and 
gender, a recent pilot work reported a range of 
1.5–3.7 m/s corresponding to 15–36 kPa 
elastic modulus for a healthy medial 
meniscus in 17 males aged 24–30 years [11].
Clinical ly,  running mileage could be 
increased to 3 × 7 miles/week without any 
pain at 6 months.

Discussion
This is the 1st report on the non-invasive 
combination of focused electromagnetic 
ESWT and novel EMTT treatment in a 
medial meniscus tear. The healing of the 
m en i sc a l  tear  co u l d  b e  d ep i c ted  by 
multiparametric ultra-high-frequency 
ultrasound (33 MHz) over the course of 6 
months with novel stress testing and shear 
wave elastography.
In shockwave medic ine,  one should 
differentiate focused ESWT devices from 
radial pressure wave devices – the latter not 
achieving the energy flux densities reported 
herein. Depending on the energy levels in 
focused ESWT devices, one can and should 
differentiate the following energy flux 
densities:
• Nano/very low energetic: 0.01–0.05 
mJ/mm2
• Low energetic: 0.07–0.10 mJ/mm2
• Medium energetic: 0.12–0.25 mJ/mm2
• High energetic: >0.25 mJ/mm2.
While for bone issues such as delayed unions 
and non-unions [12] for more than 20 years 
by now [13], stress fractures [14], and even 
osteoarthritis of the knee [15,16], a vast 

Figure 1: A picture showing a sports injury case treated with a biological arthroscopy and ultrasound-guided procedure in the Sports, 
Ultrasound, Biologics, and Arthroscopy protocol.

Figure 1: 33MHz ultra high-frequency linear probe ultrasound (Canon Aplio I800) of the torn medial meniscus. 

Figure 2a: MRI with medial meniscal tear and ganglion formation.

Figure 3: X-ray control after the application of shock waves. 
The calcifications have disappeared.
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Figure 2b: MRI with complex medial meniscal tear. Figure 2c: MRI with medial meniscal tear in the dorsal horn. Figure 2d: MRI with torn medial meniscus in the dorsal horn.
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number of publications reported beneficial 
effects of focused ESWT no such clinical 
paper are available on meniscus tears. In the 
aforementioned experimental study from 
Japan [5] 0.22 mJ/mm2, so medium 
energetic ESWT was applied with 800 shots 
in Wistar rats in a single session with 
consecutive higher meniscus healing scores 
@ 4 and 8 weeks with an upregulation of 
CCN2, SOX9, aggrecan, and Col2A1. The 
effects of focused ESWT to the tissues 
affected say the medial meniscus and the 
s y n o v i a  a r e  m e d i a t e d  b y 
mechanotransduction [17,18]. Mechanical 
stimulation of ESWT can cause a release of 
exosomes [19] – in myocardial tissue the 
release of angiogenic exosomes [20].
The novel EMTT may add clinical ly 
beneficial effects to the focused ESWT. In a 
randomized trial [21] on non-specific LBP 
comparing standard therapy (physiotherapy 
with core stabilization plus non-opiate 
analgesics) with or without additional 
EMTT therapy with 88 patients randomized 
1:1, the combination group was superior in 

terms of pain reduction on the visual analog 
scale and an improvement in the Oswestry 
disability index score. In line in rotator cuff 
tendinopathy, an randomized controlled trial 
is underpinning this observation with 
superior results when combining focused 
high-energetic ESWT and EMTT [22]. For 
bone stimulation, the combination of 
focused ESWT and novel EMTT is reported 
in case series for scaphoid non-unions [23], 
metacarpal non-unions [24], and humerus 
non-unions [25]. Modes of action of EMTT 
are electroporation and a piezoelectric effect.
This pilot case highlights the potential of the 
combination of focused electromagnetic 
ESWT and novel EMTT in meniscal healing 
clinically. Future prospective controlled trials 
are warranted to elucidate its role in the field 
of sports medicine as well as an adjunct after 
surgery for more rapid rehabilitation.
The combination of novel non-invasive 
Magnetolith® (EMTT) with focused high-
energetic ESWT for three sessions on a 
weekly interval can significantly improve the 

healing in a medial meniscal tear. Ultra-high-
frequency ultrasound stress testing may 
further delineate the functional status of a 
medial meniscal tear. To the best of my 
knowledge, this is the first report to apply 
EMTT and ESWT for medial meniscal tears 
which were followed-up by ultra-high-
frequency ultrasound stress testing.

Conclusion
The author has received lecture honoraria by 
TRB Chemedica, Canon Medical System, 
Storz Medical AG. None of these had or have 
any implications for the case report provided 
herein. Written informed consent was 
obtained from the patient for publication of 
this case report and accompanying images. 
Since this is a single case report only, no IRB 
approval was necessary. No funding has been 
received. All relevant data are within the 
paper and its Supporting Information files.

Figure 3: Ultrasound of medial meniscus 3 months after 
combined ESWT and EMTT. 

Figure 4a: Shearwave elastography at 6 months after combined 
ESWT/EMTT with 2.91±0.18m/s of the affected side.

Figure 4b: Shearwave elastography at 6 months after combined 
ESWT/EMTT with 3.64±0.3m/s of the healthy side.
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