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Abstract

Achilles tendinopathies are challenging to treat due to the presence of chronic inflammation and poor
vascularization. Cases of acute and chronic Achilles tendinopathies experience some form of a chronic inflammatory
profile. As a result, therapies that target and reduce inflammation are beneficial in both cases. The cellular basis for
inflammation lies in the improper function of ion channels within cell membranes, resulting in altered cation flow and
cell function. To reduce ion channelopathy, an Electron Modulation Device (EMD) has been developed that delivers
multi-channelled vectored and triangulated electron energy to affected areas. EMD therapy can reduce the free
radical formation and correct molecular isometric structure, thus improving cell membrane and ion channel function.
This reversal in ion channelopathy can lead to a decrease in chronic inflammation and pain. The benefits of
modulated electron energy were tested in the case of a 21-year old college football player presenting with bilateral
Achilles tendonitis who underwent twelve treatments over eight weeks while continually practicing with little rest. The
subject’s pain level was assessed via a visual analogue scale (VAS) 0-10 Numeric Rating Scale before and after
treatment. After every treatment session, the patient recorded a pain score of 0, indicating no pain, for his left
Achilles tendon while also noting improved mobility and reduced inflammation. The therapeutic benefits of EMD are
attractive as the ability to rapidly reduce pain and inflammation can promote healing, thus effectively managing
sports-related injuries or musculoskeletal dysfunctions without the use of opioids or opiates and the risk of addiction.
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Introduction
Achilles tendinopathy is a chronic condition that results in pain,

inflammation, and limited activity. The majority of sports-related
injuries have been attributed to tendon disorders, and the frequency of
Achilles injuries have been increasing in frequency due to increased
sporting activity by the athletic and general population [1-3]. These
tendinopathies are challenging to treat because of the tendon ’ s
inflammatory profile and poor vascularization which can result in
degeneration of the tendon, predisposing the patient to recurrent
Achilles tendon tears [4]. The customary conservative management for
Achilles tendinopathies such as rest or physical therapy has been
relatively unsuccessful with 25% to 45% of patients undergoing surgery
as a last resort [5].

With a greater need for a more effective, non-invasive therapy, there
have been attempts to use energy-based devices, such as ultrasound,
electromagnetic fields, and transcutaneous electrical stimulation, to
treat Achilles tendinopathies by reducing chronic pain and
inflammation [1, 6-11]. However, reports on the efficacy of these tools
are inconsistent, and some studies find that transcutaneous electrical
stimulation can impede collagen repair in Achilles tendinopathies [12].
Fortunately, the recent development of the Electron Modulation
Device (EMD) offers a more robust procedure of treating
tendinopathies with its ability to alleviate ion channelopathies through
the delivery of electron interventional energy. We introduce a year-
long case of Achilles tendinopathy in a college football player who
presented with bilateral Achilles tendonitis. Early in his course of

treatments, he reportedly tried available conservative therapies that
failed to manage or relieve his soreness, inflammation, and range of
motion restriction. Attempts at rest and recovery were hindered by
continued involvement with athletics, causing his symptoms to flare.
The patient experienced a distinct improvement in his pain
management and healing only after receiving EMD therapy that
reduced inflammation and enhanced cellular metabolism.

Case Report
A healthy 21-year-old football player came to the clinic with

bilateral Achilles tendonitis, reporting more discomfort in his left
Achilles tendon that has persisted for over a year. The subject reported
that his tendinopathy started during his offseason training sessions
and progressively worsened as time passed. In response, he took oral
non-steroidal-anti-inflammatories, underwent six months of physical
therapy treatments, and received amniotic fluid injections; all of which
had the minimal effect of alleviating the inflammation and pain in
both of his tendons. Since returning to his college to participate in off-
season organized team activities, he had been practicing daily with
little time for recovery, causing his symptoms to be unbearable to the
point of him seeking medical treatment. On exam, he had pain upon
palpation, observable inflammation, and decreased range of motion
over the right and left ankles and Achilles tendons. He stated that his
aching and swelling continued while at rest and were exacerbated upon
doing movements, such as running, that involved the flexion and
extension of both the right and left ankle.

The patient agreed to undergo EMD therapy starting at three times
per week. Normally, the protocol includes a break from all physical
endeavours along with a one to four-week series of treatments
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resulting in cumulative improvements in pain and inflammation.
However, in this case, the patient was reluctant to remove himself from
athletic activities as the first game of his last season was soon
approaching. As a result, he continued to participate in practices and
games as opposed to letting his Achilles tendons rest and recover
during the treatment period. The patient was asked to report his pain
on the visual analogue scale VAS 0-10 Numeric Rating Scale: zero is no
pain, 5 is moderate pain, and 10 is the worst possible pain. Before

treatment, he experienced a pain level of 7/10 at rest (Figure 1).
Throughout the treatment series, the patient remained fully physically
active and involved with his team. Although both Achilles tendons
were treated, we reported on the more painful left tendon. The right
Achilles tendon improved immediately with 0/10 pain after the first
week. The right tendon remained unremarkable with treatment and
had no relapses.

Figure 1: Pain levels before and after treatment of EMP. Pain levels below 0 do not exist and were added for visual purposes only.

Discussion
Achilles tendinopathies are divided into acute and chronic stages of

tendinopathies. The acute stage begins with an acquired channelopathy
caused in many cases by overuse or trauma followed by edema, clotted
blood, inflammatory exudate, polymorphonuclear cells, and cellular
necrosis [8]. Chronic Achilles tendinopathies are characterized by a
different array of chronic non-resolving inflammation, disorganized
collagen formation, and low vascular supply [4,13]. More recent
studies have shown a variety of inflammatory cells that include
macrophages, T cells, natural killer cells, and mast cells in chronic
human Achilles tendinopathies. These chronic tendinopathies at the
cellular level are also expressing an increased level of NF-KB,
interferon, and STAT-6 activation pathways. Moreover, studies have
shown an increase in PTGS2 and interleukin-8 expression in chronic
tendinopathy. Tendon cells from chronic Achilles tendinopathies also

show increased stromal fibroblast activation markers over healthy
tendons [13].

Because of this disparate chronic inflammatory profile in acute and
chronic Achilles tendinopathies, strategies that target inflammation are
of potential therapeutic benefit, and new therapeutic approaches are
required to promote resolution of the inflammatory process in such
cases. The cellular basis of inflammation includes malfunction of the
ion channels within the inflammatory cell membranes causing cells to
have modified cation flow and subsequently altered function and
metabolism [14-16]. This suggests that the inflammation caused by ion
channelopathy can hinder wound repair. On the molecular level this
translates into changes to the isometric molecular structures which is a
result of electron instability within the atom associated with formation
and accumulation of free radicals [14,15]-the molecules of high
instability and reactivity due to the presence of an odd number of
electrons in the outermost orbit of their atoms [7,8]. The free radical-
related electron instability is measurable information, while electron-
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based fields are active in regulating inflammatory processes in vitro
and in vivo [17,18]. It has been shown that pulsed electron-based fields
can modify ionic flow across biological membranes and alter cell
metabolism and function [16].

A practical new clinical technology for the modulation of electron
activity and ion channelopathy reduction has been developed. This
Electron Modulation Device (EMD) introduces measured multi-
channeled vectored and triangulated electron energy to the affected
areas utilizing electron-based assessment and interventional energy for
the treatment of acquired channelopathy. This channelopathy in
certain inflammatory cells is the basis of the chronic inflammatory
profile. The EMD has been specifically developed to counteract
molecular and sub-molecular events resulting in chronic
inflammation. The principals of the EMD include 1) electron related
stability assessment comparing stable vs. unstable signal, and 2)
applied interventional stabilizing electron-based energy output. This
stabilization can lead to the reduction of free radical formation, the
correction of the molecular isometric structure, improvement of cell
membrane structure and function and the improvement of the ion
channel function within the inflammatory cell membrane resulting in
reversals in ion channelopathies. The normalization of ion channel
function within the cell membrane brought on by EMD therapy
contributes to an eventual decrease in chronic inflammation and
related pain symptomology.

Conclusion
In conclusion, EMD therapy was able to reduce Achilles tendinitis

pain, increase range of motion, and reduce levels of inflammation
immediately. Because the patient continued to practice and did not
allow for resting recovery time during the treatment series, the effects
of the decreased pain and inflammation had to be maintained with 3x/
week EMD treatments. A prolonged non-treatment interval of 2 weeks
with no rest as demonstrated between Day 27 and 41 and continued
football practice allowed the patient’s pain rankings to return to pre-
treatment baseline pain levels (Figure 1). Subsequent EMD treatment
again reduced the pain level to 0/10 VAS.

No counter indications or adverse side effects were observed or
reported. EMD is a safe and non-invasive tool to treat inflammation
and pain of Achilles tendinitis. Although the patient was unable to
fully rest during the treatment intervals (because of football practice),
the patient did experience significant improvements with the
procedure. More studies are needed to determine further improvement
levels in inflammation and pain with concomitant prolonged rest and
treatments. The decrease in free radicals and improvement in
channelopathies of the inflammatory cells needs further elucidation. It
is hypothesized that a limited series of repeated treatments and rest are
needed to maintain the cumulative decrease in inflammation. The
improvements in pain immediately after the treatments, also imply
that the nociceptive neural pathways are directly affected with the
EMD. This neuronal effect seems to last longer and is consistent with
the fact that neural pathways have multitudes of voltage-gated and
ligand-gated ion channels that can be modulated by the EMD.
Anything that interferes with the neuronal membrane voltage can alter
channel gating and comparatively small changes in the gating
properties of a channel can have profound effects [15]. As such, EMD

may have future therapeutic benefits for rapid injury recovery,
resulting in avoidance of opioid and opiate use and addiction as seen
with many patients with musculoskeletal dysfunction.

References
1. Jarvinen TA, Kannus P, Maffulli N, Khan KM (2005) Achilles tendon

disorders: etiology and epidemiology. Foot Ankle Clin 10: 255-266.
2. Yasui Y, Tonogai I, Rosenbaum AJ, Shimozono Y, Kawano H, et al. (2017)

The Risk of Achilles Tendon Rupture in the Patients with Achilles
Tendinopathy: Healthcare Database Analysis in the United States.
Biomed Res Int 2017:7021862.

3. Maffulli N, Wong J, Almekinders LC (2003) Types and epidemiology of
tendinopathy. Clin Sports Med 22: 675-692.

4. Chen TM, Rozen WM, Pan WR, Ashton MW, Richardson MD, et al.
(2009) The arterial anatomy of the Achilles tendon: anatomical study and
clinical implications. Clin Anat 22: 377-385.

5. Maffulli N, Sharma P, Luscombe KL (2004) Achilles tendinopathy:
aetiology and management. J R Soc Med 97: 472-476.

6. Machado AF, Santana EF, Tacani PM, Liebano RE (2012) The effects of
transcutaneous electrical nerve stimulation on tissue repair: A literature
review. Can J Plast Surg 20: 237-240.

7. Chan HK, Fung DT, Ng GY (2007) Effects of low-voltage microamperage
stimulation on tendon healing in rats. J Orthop Sports Phys Ther 37:
399-403.

8. Strauch B, Patel MK, Rosen DJ, Mahadevia S, Brindzei N, et al. (2006)
Pulsed magnetic field therapy increases tensile strength in a rat Achilles'
tendon repair model. J Hand Surg Am 31: 1131-1135.

9. Ross CL, Harrison BS (2013) The use of magnetic field for the reduction
of inflammation: a review of the history and therapeutic results. Altern
Ther Health Med 19: 47-54.

10. Arruda ERB, Rodrigues N, Taciro C, Parizotto N (2007) Influence of
different low-intensity laser therapy wavelengths for rat tendon
regeneration following tenotomy. Braz J Phys Ther 11: 283-288.

11. Vincenzi F, Targa M, Corciulo C, Gessi S, Merighi S, et al. (2013) Pulsed
Electromagnetic Fields Increased the Anti-Inflammatory Effect of A2A
and A3 Adenosine Receptors in Human T/C-28a2 Chondrocytes and
hFOB 1.19 Osteoblasts. PLOS ONE 8: e65561.

12. Folha RA, Pinfildi CE, Liebano RE, Rampazo EP, Pereira RN, et al. (2015)
Can transcutaneous electrical nerve stimulation improve achilles tendon
healing in rats? Braz J Phys Ther 19: 433-440.

13. Dakin SG, Newton J, Martinez FO, Hedley R, Gwilym S, et al. (2018)
Chronic inflammation is a feature of Achilles tendinopathy and rupture.
Br J Sports Med 52: 359-367.

14. Nindl G, Balcavage WX, Vesper DN, Swez JA, Wetzel BJ, et al. (2000)
Experiments showing that electromagnetic fields can be used to treat
inflammatory diseases. Biomed Sci Instrum 36: 7-13.

15. Mathie A, E Kennard L, Veale E (2003) Neuronal ion channels and their
sensitivity to extremely low frequency weak electric field effects. Radiat
Prot Dosimetry 106: 311-316.

16. Balcavage WX, Alvager T, Swez J, Goff CW, Fox MT, et al. (1996) A
Mechanism for Action of Extremely Low Frequency Electromagnetic
Fields on Biological Systems. Biochem Biophys Res Commun 222:
374-378.

17. Rios-Arrabal S, Artacho-Cordon F, Leon J, Roman-Marinetto E, Del Mar
Salinas-Asensio M, et al. (2013) Involvement of free radicals in breast
cancer. Springer Plus 2: 404.

18. Kitagawa A (2011) Electron Spin Resonance Measurement with
Microinductor on Chip. Journal of Sensors 2011 3.

 

Citation: Nahm W, Hizon J (2019) Effectiveness of Electron Modulation Procedure in Chronic Achilles Tendinopathy. Int J Phys Med Rehabil 7:
522.

Page 3 of 3

Int J Phys Med Rehabil, an open access journal
ISSN: 2329-9096

Volume 7 • Issue 4 • 1000522

https://doi.org/10.1016/j.fcl.2005.01.013
https://doi.org/10.1016/j.fcl.2005.01.013
https://doi.org/10.1155/2017/7021862
https://doi.org/10.1155/2017/7021862
https://doi.org/10.1155/2017/7021862
https://doi.org/10.1155/2017/7021862
https://www.ncbi.nlm.nih.gov/pubmed/14560540
https://www.ncbi.nlm.nih.gov/pubmed/14560540
https://www.ncbi.nlm.nih.gov/pubmed/19173244
https://www.ncbi.nlm.nih.gov/pubmed/19173244
https://www.ncbi.nlm.nih.gov/pubmed/19173244
https://www.ncbi.nlm.nih.gov/pubmed/15459257
https://www.ncbi.nlm.nih.gov/pubmed/15459257
https://www.ncbi.nlm.nih.gov/pubmed/24294017
https://www.ncbi.nlm.nih.gov/pubmed/24294017
https://www.ncbi.nlm.nih.gov/pubmed/24294017
https://www.ncbi.nlm.nih.gov/pubmed/17710909
https://www.ncbi.nlm.nih.gov/pubmed/17710909
https://www.ncbi.nlm.nih.gov/pubmed/17710909
https://www.ncbi.nlm.nih.gov/pubmed/16945715
https://www.ncbi.nlm.nih.gov/pubmed/16945715
https://www.ncbi.nlm.nih.gov/pubmed/16945715
https://www.ncbi.nlm.nih.gov/pubmed/23594452
https://www.ncbi.nlm.nih.gov/pubmed/23594452
https://www.ncbi.nlm.nih.gov/pubmed/23594452
http://www.scielo.br/scielo.php?pid=S1413-35552007000400007&script=sci_arttext&tlng=en
http://www.scielo.br/scielo.php?pid=S1413-35552007000400007&script=sci_arttext&tlng=en
http://www.scielo.br/scielo.php?pid=S1413-35552007000400007&script=sci_arttext&tlng=en
https://doi.org/10.1371/journal.pone.0065561
https://doi.org/10.1371/journal.pone.0065561
https://doi.org/10.1371/journal.pone.0065561
https://doi.org/10.1371/journal.pone.0065561
https://www.ncbi.nlm.nih.gov/pubmed/26647744
https://www.ncbi.nlm.nih.gov/pubmed/26647744
https://www.ncbi.nlm.nih.gov/pubmed/26647744
https://bjsm.bmj.com/content/bjsports/52/6/359.full.pdf
https://bjsm.bmj.com/content/bjsports/52/6/359.full.pdf
https://bjsm.bmj.com/content/bjsports/52/6/359.full.pdf
https://www.ncbi.nlm.nih.gov/pubmed/10834201
https://www.ncbi.nlm.nih.gov/pubmed/10834201
https://www.ncbi.nlm.nih.gov/pubmed/10834201
https://www.ncbi.nlm.nih.gov/pubmed/14690272
https://www.ncbi.nlm.nih.gov/pubmed/14690272
https://www.ncbi.nlm.nih.gov/pubmed/14690272
http://www.sciencedirect.com/science/article/pii/S0006291X96907512
http://www.sciencedirect.com/science/article/pii/S0006291X96907512
http://www.sciencedirect.com/science/article/pii/S0006291X96907512
http://www.sciencedirect.com/science/article/pii/S0006291X96907512
https://www.ncbi.nlm.nih.gov/pubmed/24024092
https://www.ncbi.nlm.nih.gov/pubmed/24024092
https://www.ncbi.nlm.nih.gov/pubmed/24024092
http://dx.doi.org/10.1155/2011/813636
http://dx.doi.org/10.1155/2011/813636

	内容
	Effectiveness of Electron Modulation Procedure in Chronic Achilles Tendinopathy
	Abstract
	Keywords:
	Introduction
	Case Report
	Discussion
	Conclusion
	References


