SPECIAL PAPER

Myths, Truths, Doubts and Confusions
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ABSTRACT

The advent of renal lithotripsy in the 1980s had a disruptive effect on the treatment of kidney stones. The discovery of the biological
effects of shock waves quickly expanded the use of this therapeutic method to the field of Orthopedics and Traumatology. Although
the topic has advanced significantly in recent years, there are still many questions and confusions in our specialty’s environment,
particularly among professionals who are not directly involved in the field. The objective of this presentation is to provide a scientific
analysis of the points of controversy and the most frequent doubts.
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Mitos, verdades, dudas y confusiones sobre las ondas de choque y su rol en la enfermedad musculoes-
quelética

RESUMEN

El advenimiento de la litotricia renal en la década de los 80 tuvo un efecto disruptivo en el tratamiento de los célculos renales. El
descubrimiento de los efectos bioldgicos de las ondas de choque expandié rapidamente el uso de este método terapéutico al cam-
po de la Ortopedia y Traumatologia. Si bien, en los ultimos afios, ha tenido un amplio desarrollo, persisten muchas confusiones y
dudas en el ambiente de nuestra especialidad, sobre todo entre los profesionales que no estan directamente involucrados en el
tema. El objetivo de esta presentacion es hacer un andlisis de los puntos de controversia y las dudas mas frecuentes, basado en
la bibliografia cientifica.
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Nivel de Evidencia: V

INTRODUCTION

The advent of renal lithotripsy in the 1980s had a disruptive effect on the treatment of kidney stones.' The ap-
plication of mechanical waves made it possible to remove mineral deposits within the urinary tract and thus avoid
surgery in a huge percentage of patients. Forty years later, the treatment, which was initially met with skepticism,
is now a recognized and approved indication.

Experience with the method led early urologists to notice consequences beyond the mechanical effect on the
stones.*> The biological response induced by the mechanical waves thus opened up a new therapeutic dimension.
This knowledge was quickly applied to orthopedics and traumatology pathology.*¢*

Despite more than 30 years since its first use in the field of musculoskeletal illnesses, traumatologists who are
not directly involved in its usage continue to have several concerns and misinterpretations about the role of this
therapeutic tool.

The objective of this presentation is to analyze the points of controversy and the most frequent doubts, based on
the scientific literature.
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Confusion: are radial and focused waves the same thing?

The mechanical forces of nature have influenced living beings since the genesis of life on our planet.® Their use
for therapeutic purposes began at the end of the 20th century.

There are two types of waves, electromagnetic and mechanical.'® Both focused and radial waves are mechanical
waves.

Shock waves or focused waves are mechanical waves with well-defined characteristics.'”'* As seen in Figure 1A,
they have a rapidly growing, short-lived peak positive pressure followed by a negative pressure phase. These waves
are the ones initially described in the field of urology and they are the real shock waves. They can be generated by
electrohydraulic, electromagnetic or piezoelectric sources.'"

A decade after the first therapeutic application of focused waves, ‘radial waves’ appeared on the market as a
more portable and cost-effective alternative.’ Historical and commercial reasons have determined that radial waves
are also called ‘shock waves’, but this is inaccurate.!®!* The correct nomenclature is “focal shock waves” and “ra-
dial pressure waves,” respectively. Unfortunately, in most publications, the correct nomenclature is not respected,
which generates a great deal of confusion."

From the physical point of view, radial waves (Figure 1B) are completely different from focused waves. Radial
waves have a peak positive pressure 100 times lower and a pulse duration 1000 times longer.'%'> The mechanisms
of generation and action are also different.''> Radial waves are generated by the impact of a projectile on an ap-
plicator, so they are also known as ballistic waves.'®'? Their mechanism of generation is based on the principle of
action and reaction described by Newton.*!*

The fact that they use different technology does not imply that one is superior to the other. In some cases, in-
dications in the field of Orthopedics and Traumatology overlap and there are also specific indications for each
method.'"?

The risk levels are also different."”” Focused waves, when used incorrectly or with inadequate indications, can
cause severe complications that radial waves would not.'*" This is one of the reasons why international societies
recommend restricting focused waves to medical use.'

In short, radial waves and focused waves are mechanical waves that can have a therapeutic use in the field of
Orthopedics and Traumatology, but they are completely different from the point of view of their generation and
physical characteristics. Each method has its own set of indications, as well as some shared ones. Radial waves are
not shock waves. It is recommended that focused waves be used by trained physicians.
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Figure 1. Comparison of the pressure profiles of a focused shock wave (A) and a radial wave (B).
Modified from: Loske AM, Moya D. Shock waves and radial pressure waves: time to put a clear nomenclature into practice. J Reg Sci 2021;1(1):4-8.
https://doi.org/10.13107/jrs.2021.v01.i01.005
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Shock Waves: Myths, Truths and Doubts

Myth: mechanical waves cause microtears in tissues (false)

It is common to hear that mechanical waves base their therapeutic action on microtrauma that cause bleeding and
scarring processes. This is incorrect.

MRI studies performed after applying focused shock waves to the shoulder have ruled out any type of injury."”
Histological evaluation of bone tissue after the application of focused waves ruled out the presence of “micro-
fractures” when therapeutic doses are used.'® The purely mechanical effect is only effective in the case of the
destruction of calculi, which are inert mineral accumulations. In living tissues, the mechanism of action is biologi-
cal, based on the phenomenon of mechanotransduction.'>'*!° Cells and the extracellular matrix are influenced by
mechanical stimuli. These structures recognize the mechanical stimuli and generate a biological response.'*'>"

It is perplexing that, in a field that has used mechanotransduction for over a century, this method of action is
difficult to understand. All traumatologists know that by loading a fracture at the right time and under the right
conditions, the healing process is accelerated. This is nothing more or less than applying mechanotransduction
therapeutically as in the case of shock waves.

The process has four stages: physical, physico-chemical, chemical, and biological.'*"” The stimulated cell nu-
cleus determines the release of exosomes with angiogenic effects.'*?* Vasculogenesis and angiogenesis are well-
studied fundamental mechanisms of action in focused shock waves.'>'*1°2* Countless studies have shown that the
local concentration of nitric oxide, cell replication factors and vascular growth factors increases after applying
ShOCk WaVeS.]2’19'19’21'23

It is crucial to note that the therapeutic effects of mechanical waves are not solely based on mechanical effects,
nor are they driven by microtrauma generation. The mechanism of action is biological and basically mediated by
angiogenic and vasculogenic effects.

Confusion: what are the indications for each type of wave?

As mentioned above, there are ideal indications for each type of wave and other indications are shared (Figure
2).'213 Focused waves are indicated for conditions that require the use of higher levels of energy, such as tendon
calcifications*** and bone lesions.®*® They are also capable of accessing greater depths than radial waves.”’

Focused waves Radial waves

Bone conditions

Trochanteric
pain

Trigger points

Calcific
tendinopathy

Non-calcific
tendinopathy
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Fasciitis

Insertional Achilles
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Figure 2. Indications for focused shock waves, indications for radial waves, and indications shared by both.
Modified from: Loske AM, Moya D. Shock waves and radial pressure waves: time to put a clear nomenclature into practice. J Reg Sci 2021;1(1):4-8.
https://doi.org/10.13107/jrs.2021.v01.i01.005
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Radial waves have a more superficial effect and pose less risk when applied in areas close to organs with gaseous
content;''>"5 therefore, they can be used, for example, on trigger points in the dorsal region. They have also been
advised for childhood spasticity due to their higher treatment tolerance.?®

Radial waves allow for greater coverage of treatment areas than focused waves.

Both methods can be used interchangeably in most noncalcified tendinopathies'? and plantar fasciitis.'>!*1¢ In
insertional Achilles tendinopathies, this author prefers focused waves.

Truth: there is solid scientific evidence of their efficacy

The majority of surgical methods used in Orthopedics and Traumatology are supported by a poor level of
scientific evidence.?”?° Stephen Burkhart, in his keynote address at the 2019 World Congress on Shoulder and
Elbow Surgery in Buenos Aires, wondered whether shoulder arthroscopy could have been developed during the
21st century era of evidence-based medicine and Food and Drug Administration restriction policies.!?

Shock waves arose a decade after arthroscopy, and they had to deal with the more demanding and critical
context of new therapeutic alternatives.’' This led to the generation of many studies and publications, not always
with the utmost scientific rigor.*!

In 2018, we published a study on the most frequent indications for radial and focused waves in the Journal of
Bone and Joint Surgery.'> We used the grades of recommendation based on scientific evidence according to the
system proposed by the aforementioned publication®® (Table 1).

The result, based on the evidence found in the literature at that time, can be seen in Table 2.

Table 1. Grades of recommendation based on scientific evidence.

Grade of recommendation Type of study

A Level of Evidence: I Definitively change the practice
B Level of evidence: II and II1 Probably change the practice
C Level of evidence: IV and V or controversial Define according to experience
I Insufficient evidence Cannot be recommended

Adapted from Wright JG, Einhorn TA, Heckman JD. Grades of recommendation. J Bone Joint Surg Am 2005;87(9):1909-10. https://doi.org/10.2106/JBJS.8709.edit

Table 2. Grades of recommendation for the most common indications for radial and focused waves in musculos-
keletal disease.

Calcific tendinopathy of the shoulder Focused A
Calcific tendinopathy of the shoulder Radial I
Non-calcific tendinopathy of the shoulder Focused and radial C
Epicondylar muscle tendinopathy Focused and radial B
Trochanteric pain syndrome Radial B
Patellar tendinopathy Focused and radial B
Achilles tendinopathy Focused and radial B
Plantar fasciitis Focused and radial A
Nonunion Focused B

Adapted from Moya D, Ramén S, Schaden W, Wang CJ, Guiloff L, Cheng JH. The role of extracorporeal shockwave treatment in musculoskeletal disorders. J Bone
Joint Surg Am 2018;100(3):251-63. https://doi.org/10.2106/JBJS.17.00661
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Shock Waves: Myths, Truths and Doubts

The highest level of evidence for rotator cuff calcifications is for focused waves and, in plantar fasciitis, for both
focused and radial waves.'” The American College of Foot and Ankle Surgeons incorporated the use of waves into
its treatment algorithm for plantar fasciitis more than 10 years ago.*

The scientific evidence is moderate for most tendinopathies, except for non-calcific rotator cuff tendinopathy!?
and pseudarthrosis. '

The degree of evidence is low for non-calcified tendinopathies of the shoulder,'> knee osteoarthritis,* wrist and
hand tenosynovitis, and many other conditions. However, based on this author’s experience, the empirical results
in the non-advanced stages of knee osteoarthritis are very encouraging.

In conclusion, there is an acceptable degree of evidence for the use of focused shock waves and radial waves in
most of their usual indications. In many of the cases, the level of evidence is similar to or greater than that of surgi-
cal procedures for the same conditions.

Doubt: what are their contraindications?

An important contraindication to the use of focused waves is if the patient is receiving intense anticoagulant
therapy,'>*¢ especially if high energy levels are to be used.

The application of focused waves to tissues with gaseous content (lungs, viscera) can cause serious injury.'>*’
Direct application to open physes, tumor areas, embryos, and fetuses is also contraindicated.'>*”* The application
of focused waves to large vessels and nerves is contraindicated.'>*7%

The presence of a pacemaker is today a relative contraindication for focused waves due to changes in pacemaker
design and focal equipment;* in any case, it is preferable to be in contact with the treating cardiologist.

As for radial waves, given their lower penetration, the possibility of complications is much lower. Absolute con-
traindications are the presence of tumors, embryos, or fetuses in the area to be treated.”’

Doubt: when is the ideal time to indicate them?

The ideal indication for both focused and radial waves is chronic tendinopathy and fasciitis. It is recommended to
exhaust other therapeutic options, such as medication, rest, rehabilitation, changes in habits and exercises, before
starting shockwave treatment. Therefore, they are not usually the initial therapeutic indication in most cases.'>!°

Confusion: are the results immediate?

Mechanical waves generate a biological process that includes modulation of inflammation and stimulation of
healing.'>!*1¢1° A succession of biological phenomena occurs that require time.'>'® The clinical response may not
appear until three months in the case of tendinopathies.'® Follow-up protocols for pseudarthrosis extend the basic
radiological control to three months, but changes may occur up to one year after treatment is completed (Figure 3).

For these reasons, it is key to keep in mind that immediate responses should not be expected in the vast majority
of cases.

Doubt: How many sessions are necessary?

The lack of strict consensus regarding the number of sessions and doses has been criticized. In most indications
of musculoskeletal pathology, the current consensus advises three sessions at a weekly interval.'>!3” According to
the generation source used, sessions may be added, but in general, no more than six in total. Additional sessions
are added after a prudent wait to evaluate the effect of the initial dose. These additional doses are not necessary in
most cases.
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Figure 3. Progression of the consolidation process after applying a focused shockwave treatment plan in a patient with
femoral pseudarthrosis of 20 months of evolution and two surgical procedures. The condition had progressed for ten months
since the second surgery. A. Sequence of plain radiographs of the femur, AP view, with focus on the area of pseudarthrosis.
B. Sequence of plain radiographs of the femur, lateral view, with focus on the area of pseudarthrosis.

Confusion: ossification versus calcification

A conceptual error is often made in practice, confusing calcification and ossification. Calcifications are min-
eral deposits in soft tissues. The best known case is hydroxyapatite crystal deposits in the rotator cuff tendons.
In this case, shock waves are used to trigger a biological process that resorbs the mineral deposit (Figures 4A
and B).

Heterotopic ossifications, on the other hand, are characterized by organized and structured bone tissue that
shock waves are not able to “dissolve” and cannot stimulate its resorption. It is bone tissue, i.e., a calcified col-
lagenous matrix that may or may not contain bone marrow elements.*!

During the COVID-19 pandemic, we received patients referred with heterotopic hip ossifications after a stay
in the intensive care unit (Figure 4C), with the aim of making the calcium deposit disappear, and unfortunately
this is not possible. If it were, we would risk eliminating sections of normal bone, but focused waves do not
have such an effect.

It is important to note that calcifications and ossifications are two different conditions in terms of histology,
prognosis and treatment. Focused waves do not determine the disappearance of heterotopic ossifications.
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Shock Waves: Myths, Truths and Doubts

Figure 4. Plain radiographs of the shoulder, AP view, showing calcification of the supraspinatus tendon (A) and the same case
after a focused shockwave treatment plan (B). C. Radiograph of the hip, AP view. Heterotopic ossification of the hip is seen
after a stay in intensive care for COVID-19.

Doubt: can they be used in cases of pseudarthrosis?

Focused waves can be used to treat pseudarthrosis and delayed consolidation (Figures 3, 5 and 6). It is an ab-
solute condition that the fracture site must be stable.'>!° The best results are obtained when the gap is <5 mm, in
hypertrophic calluses, in patients with a short time of evolution and in non-infected patients.'>!® High energy levels
must be used.'>!°

Figure 5. Plain radiographs of the hip, AP view. A. Revision surgery of a hip intertrochanteric fracture of one year
of evolution, with no signs of consolidation. B. Results 5 months after the application of a focused shockwave

treatment plan. The symptomatology disappeared.
With permission from the Journal of Regenerative Science.
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The rate of favorable outcomes is around 70% under the best conditions.'>!*!® Studies have been published
comparing the results of focused waves and surgery in certain cases of pseudarthrosis, but no significant differ-
ences have been obtained.**

Likewise, we have obtained favorable outcomes in cases of failed arthrodesis (Figure 6).

In conclusion, focused waves can be applied as an alternative to surgery when the conditions are right for
their use.

Figure 6. Sequence of plain radiographs of the forefoot with focus on the first metatarsophalangeal joint. A. Failed
hallux arthrodesis of 18 months of evolution. B. Two months after three sessions of high-energy focused shockwaves. C.
Three months after shock waves. D. Four months after shock waves. The arthrodesis has consolidated and the patient is
asymptomatic. E. Radiographic control after 2 years.

Myth: they do not cause complications (false)

Like any therapeutic procedure, the outcome of shock waves can be poor.” The most common poor outcome is
failure to produce the intended biological response, but complications have also been reported.

The most frequent cause of poor outcomes is diagnostic error." The availability of shock wave or radial pressure
wave equipment does not make the operator an expert in the disease being treated. For this reason, we emphasize
the necessity of respecting the area of expertise'® and collaborating with the subspecialist in Orthopedics and
Traumatology.

Inadequate application and failure to follow contraindications can cause serious complications.'>'** In Argen-
tina, the equipment must be approved by the National Administration of Drugs, Food and Technology (ANMAT).

Reported complications range from episodes of lipothymia during application and a transient increase in pain
after application, to complications such as isolated cases of humeral head necrosis.'*'>** Fortunately, most compli-
cations are avoidable and infrequent.

Advantages

One of the main advantages of mechanical wave therapy is that it is a non-invasive method with a low rate of
severe complications.

Initially, it was reserved for situations in which, having exhausted conservative treatment options, the possibility
of surgery was evaluated.'” Over the years, the range of indications has increased.

An unsuccessful therapeutic attempt with focused waves has no bearing on the likelihood of success in subse-
quent surgery.**

The cost-effectiveness ratio is also adequate. For example, the success rate of open and arthroscopic surgery has
been compared with that of focused shock waves for rotator cuff calcifications, and the outcomes were similar.*>%
In addition to causing fewer and less severe complications,**¢ focused waves have a much lower cost.'>!3474
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