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Foreword

This abridged therapy book is primarily meant as a reference for the use of stationary ultrasound

(StatUS™). StatUS™ stands for Stationary Ultra Sound. In other words: the application of ultrasound without moving
the transducer (= stationary). StatUS™ therapy is an innovative way of applying ultrasound in a stationary (static) man-
ner that was invented by Enraf-Nonius in collaboration with international institutes. This is a quite new, unique method
within the area of physical therapy. Normally, ultrasound energy is applied by moving (“making circles with”) the trans-
ducer. This moving of the transducer (also called the dynamic or semi-stationary method) is necessary because some
harmful effects occur both inside an ultrasound bundle as well as in the tissue that can result in tissue damage (so-
called “hot spots”). For these reasons, treatment with a static transducer is almost never applied. In contrast, StatUS™
therapy is a new treatment method that turns the disadvantages of the static application of ultrasound into advantages

for both therapist and patient.

StatUS™ therapy can be applied with the 6-series devices by Enraf-Nonius, provided that these are equipped with a
StatUS™ module. Contact your local Enraf-Nonius dealer for more information about the 6-series devices and available
modules. For general information regarding ultrasound therapy, please refer to the “Ultrasound” therapy book (article

number 1482.762). This therapy book can also be ordered through your local Enraf-Nonius distributor.

With the cooperation of Dr. C. Lucas, clinical epidemiologist / physical therapist, Department of Clinical Epidemiology,

Biostatistics and Bioinformation, Faculty of Medicine, University of Amsterdam (AMC-UVA).
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1. Introduction

Ultrasound is one of the most well-known and applied forms of therapy in physical technology % %%l The energy is
transmitted to the tissue in the form of a sound wave by means of a “head” or transducer. The frequency with which
this occurs is typically between 0.8 and 3 MHz. Not all tissue absorbs the ultrasound energy to the same degree. The
effectiveness therefore strongly depends on the type of tissue that is being treated. The greatest effect of ultrasound
occurs in that tissue where the energy is absorbed in an efficient manner. This is connective tissue (collagen) with a

high degree of denseness such as ligaments, tendons, fascia, joint capsules and scar tissue.

Although ultrasound has an effect on other tissue (for example, muscle tissue), the effect of ultrasound on an acute
muscle rupture is less pronounced than the effect on an acute ligament injury. Knowledge of the type of tissue that
is affected is of essential importance for the clinical decision-making process ®' 4 33.1¢ |n a recent study no signifi-
cant effects could be demonstrated in the treatment of very acute muscle contusions % 28 while positive effects were

observed in the treatment of ligament injuries 2 441,

1.1. Effects of Ultrasound

Ultrasound can be applied both in a thermal as well as in a non-thermal manner (see the table on page 10). A thermal
effect is in place if a temperature of 40-45°C is reached in the tissue, which must continue for at least 5 minutes °.
Excessive thermal effects, which could particularly occur at higher levels of intensity, could damage the tissue 1. The
non-thermal effects of ultrasound (including cavitation and acoustic microcirculation) would play a more important role
than the thermal effects in the treatment of soft spot injuries. Cavitation occurs when gas-filled bubbles alternately swell
and compress in tissue fluids under the influence of pressure differences (caused by ultrasound). This gives rise to a
current movement in the tissue of the surrounding tissue ?'. Due to this microcirculation the cell structure and perme-

ability changes, which is considered as an explanation of the fact that ultrasound has a positive effect on wound healing.

There are two forms of cavitation:
e Stable (non-inertial) cavitation

e Unstable (inertial) cavitation

Non-inertial cavitation is the occurrence of stable bubbles which shrink and grow approximately evenly during compres-
sion and expansion. It is assumed that stable cavitation has a positive effect on the affected tissue.

The microbubbles can also be instable, however, which is called inertial cavitation. These bubbles implode rather
quickly, which causes many effects such as extreme increase of pressure and temperature. Instable cavitation can
result in tissue damage 2. Instable cavitation should be prevented by using pulsed ultrasound with a very short pulse

duration.
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The thermal effect of ultrasound consists of heating the collagen tissue and is the easiest to reach through

the use of continued ultrasound in combination with high intensity.

The non-thermal effects occur at lower energy levels and in pulsed mode and have cell “up” regulation as
their objective. Non-thermal ultrasound is often used to speed up tissue recovery by optimizing the normal
inflammation, proliferation and remodeling phase 12 33 511,

Treatment during the proliferative phase of wound healing results in improved recovery of the function 3.

Type of effect Result

Thermal e Increased tissue flexibility/elasticity
* Improved circulation
e Pain modulation
e Triggers a mild inflammatory response
e Decreased joint stiffness

e Decreased muscle tension

Non-thermal e Cavitation
e Acoustic microcirculation
e The combination could possibly result in stimulation of fibroblast activity,
increased protein synthesis, improved circulation, tissue recovery and bone

healing.

In order to speed up tissue recovery, ultrasound is applied very locally and in small doses. Use of low-
intensity ultrasound is also referred to in the literature as LIUS (Low Intensity Ultra Sound) or LIPUS (Low

Intensity Pulsed Ultra Sound).

1.2. Low-Intensity Ultrasound (LIUS or LIPUS).

Low-intensity ultrasound refers to the pulsed application of ultrasound with an average power of at most
0.1 W/cm? (100mW/cm?). This in contrast to an intensity of 0.5-3.0 W/cm? as is customary for traditional

ultrasound 1,



Table 1: Overview of various sorts of ultrasound and clinical application in humans

Type of ultrasound Intensity Mechanism of action Clinical application
High intensity 5-300 W/cm? * Increase in temperature * In surgery
e Destruction e Fragmentation of calculi

e Excitation of tissue

Medium intensity 1 -3 W/cm? * Increase in temperature e Decrease of joint stiffness,
pain and muscle spasms
* Increase of muscle mobility

Low intensity 1-50 mW/cm? * Not yet fully known * Non-invasive diagnostic of
e Very minimal increase in fetus, vital organs and bone
temperature (<<1°C) *  Promotion of healing and
e Acoustic pressure differences recovery of open wounds,
and permeability changes of acute/subcutaneous inflam-
the cell membrane appear to mations, tendons, nerves and
play a role bone

Source: Korstjens et al. Effecten van lage-intensiteit ultrageluid op bot. Ned. Tijdschrift Tandheelkunde 2002; 109: 485-489 (Korstjens
et al. Effects of low-intensity ultrasound on bone. Dutch Journal of Dentistry 2002; 109: 485-489).

Low-intensity ultrasound (1-50 mW/cm?) is primarily used in medicine for performing non-invasive diagnosis on a fetus
or imaging vital organs or bone. In addition, low-intensity ultrasound also has a therapeutic effect. Tissue culture experi-
ments as well as animal studies have shown that it has a clear stimulatory effect on bone growth. Furthermore, clini-
cal studies have proven accelerated consolidation of fractures, among other things. In humans low-intensity ultrasound
does not result in thermal and destructive effects '” '8, Low-intensity ultrasound also appears to speed up healing of
open wounds as well as the recovery of tendons, nerves ©7and bones and promotes healing of acute and subcutane-
ous inflammations Y. This theory is also supported by experimental research of the positive effect of low-intensity ultra-
sound on the healing of acute ligament injuries “4.

Recent research has shown that LIPUS has a positive effect on the recovery of connective tissue in general and on bone
tissue in particular. Several RCTs (randomized controlled trials) have shown that low-intensity ultrasound can speed up
the consolidation time of fractures of the tibia ['® 4% radius %! and scaphoid ?°! by about 30% to 38% (compared to treat-
ment with placebo), which results in a significant gain in time “.

In addition to a favorable influence on the healing process of acute bone fractures, low-intensity ultrasound has a facili-
tating effect on badly and non-consolidated fractures. In the group of non-consolidated fractures LIPUS still resulted
in consolidation in 86% of the cases %. Although LIPUS certainly has the power to be used for treating total fractures,
there is also much benefit to be gained from treating injuries in which tissue other than bone is affected. There are also

indications that low-intensity ultrasound can be used for treating stress fractures .

The new StatUS™ devices by Enraf-Nonius are excellently suited to be used as LIPUS (see treatment example on

page 32).

11
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2. General Characteristics of Ultrasound

In the last decade various new ultrasound therapy devices have appeared on the market. Moreover, the
importance of ultrasound frequency is highly stressed. The penetration depth of ultrasound energy should
increase with decreased frequency. A lower penetration depth is associated with a limited transmission of
energy, fast absorption of energy and a marked heating effect in relatively superficial tissue structures . In
contrast, a high penetration depth ensures efficient transmission of energy with little absorption resulting in
little tissue heating. The choice of the correct ultrasound frequency (0.8 to 3 MHz) thus needs to be based
on the desired penetration depth and the thermal and acoustic characteristics of the tissue into which the

ultrasound energy is transmitted.

However, there are several variables that determine the ultrasound dose:
* Wavelength

e Intensity

e Amplitude

e Effective Radiation Area (ERA)

* Beam Non-uniformity Ratio (BNR)

e Mode: continuous or pulsed

e Contact medium

e Tissue composition

* Movement and angle of the ultrasound transducer
e Frequency and duration of the treatment

The intensity peaks that occur at both 1 MHz and (although to a lesser degree) at 3 MHz can cause thermal
and mechanical tissue damage. The highest intensity is measured in the middle of the ultrasound bundle

(see chapter 3).

By moving the transducer in a calm manner the intensity peaks always occur at a different location. Moving
the transducer — also called the dynamic or semi-stationary method — makes it possible to treat the area
as evenly as possible. In addition, the chance of the occurrence of “hot spots” decreases considerably. Hot
spots can be defined as local, relatively small areas that are excessively heated as a result of interference

and reflection.

Based on the above-mentioned phenomena, treatment with a non-moving transducer (also called the static

or stationary method) has almost never been used until now.

In contrast, StatUS™ therapy is a new treatment method that turns the disadvantages of the static applica-

tion of ultrasound into advantages for both therapist and patient.



3. Characteristics of an Ultrasound Bundle

The aim of moving the transducer (the dynamic or semi-stationary method) is to decrease the chance of so-called “hot
spots” from occurring. Treatment with a non-moving transducer (called the static or stationary method) could result in
local, relatively small areas being heated excessively. These “hot spots” are the result of primarily two phenomena that

occur both inside the ultrasound bundle as well as outside of it — in the tissue: interference and reflection.

3.1. Interference

There are two distinguishable zones in an ultrasound bundle (see figure 2):
e The near field: the Fresnel zone

e The far field: the Fraunhofer zone.

' Fresnel zone Fraunhofer zone
- > ——— - - - - - - - >

Figure 2: Lengthwise section of the ultrasound bundle

The near field (Fresnel zone) is characterized by:
e Interference in the ultrasound bundle through which strong variations in intensity can occur (see figure 3)

e The lack of divergence (in reality there is slight convergence).

ol

1 1 1 1 1 1 1 1 1
10 0 10 mm 10 0 10 mm 10 0 10 mm

Figure 3: Cross-section of the ultrasound bundle

13
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The far field (Fraunhofer zone) is characterized by:

e The almost total lack of interference signals, due to which the sound bundle is even and the intensity
gradually decreases as the distance to the contact area of the transducer increases

e A larger cross-section of the ultrasound bundle

e A larger distribution of the sound energy, both by divergence as well (as because the intensity distri-
bution becomes increasingly more bell-shaped) perpendicular to the longitudinal axis of the sound

bundle.

The length of the near field depends on the diameter of the transducer and on the wavelength. With the
usual transducer of 5 cm? the near field becomes about 10 cm long. With a transducer of 1 cm? the near

field is about 2 cm long (at 1 MHz).

At 3 MHz the near field is 3 times as long, given that the wavelength becomes proportionally shorter.
Because the depth effect of ultrasound is limited, the therapeutic effects primarily take place in the near
field. Here one must realize that the ultrasound bundle exhibits interference signals in the Fresnel zone,
which results in a non-homogeneous sound bundle (see figure 4). These interference signals can result in
intensity peaks that are 5-10 times (or in some cases even 30 times) higher than the set value.

The non-homogeneous behavior of the sound bundle is reflected by the variable Beam Non-Uniformity

Ratio (BNR).

1 MHz - large head

1 MHz - small head ' 3 MHz - small head

Figure 4: Bundle diagrams (1MHz and 3MHz ultrasound transducers)



In theory the BNR value cannot be smaller than 4, in other words you must always take into account intensity peaks of

at least 4 times the set value. With well-designed transducers the BNR is between 5 and 6.

For safe treatment, the traditional ultrasound transducer must always be moved about so that the ultrasound energy is

reasonably distributed. Rotating the transducer at one location is discouraged.

3.2. Reflection

The effects of ultrasound are twofold: a mechanical effect (micromassage) and a thermal effect (heat).

The heating effect is a direct result of the micromassage of tissue. The quantity of heat that is created is unequal for
the various tissues.
The heat particularly occurs at locations where the sound vibrations are reflected (such as with transitions from one
tissue to the other).
When ultrasound enters the body, diffusion occurs: the ultrasound bundle will spread into directions other than the
lengthwise direction of the sound bundle, initially through reflection but also through divergence in the far field (see

figure 5). Reflection of some significance (approx. 30-35%) only occurs with tissue transitions to bone tissue.

Air J

Skin

Muscle tissue

Bone tissue

Figure 5: Dispersion of the ultrasound bundle through reflection

15



The entering and reflected ultrasound bundles can overlap each other, which creates two wave motions
that can strengthen (interference) or weaken each other. Only in the case of strengthening through inter-

ference does this result in increased intensity of the sound bundle (see figure 6).

O

A)
Reflected', \Y/ ./ Entering
N \/ .
ultrasound Bundle \ ; ) ultrasound bundle
_> “ y / " 4_
Y ' Region with ) _
o ’ Muscle tissue

increased

Bone tissue

Figure 6: Interference through reflection

In practice, a problem only occurs if the tissue layer is thin up to the bone tissue or absorbs little ultrasound
energy. This is the case, for example, with treatments around the wrist, the ankles and the patella.

Especially with continued application of ultrasound, this phenomenon leads to periosteal tingling in the form
of heat sensation and/or pain. This once again proves the importance of moving the transducer. In addi-
tion, by applying the ultrasound energy in a pulsed format, the thermal effect can be reduced and the risk

of periosteal tingling also decreases.
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4. StatUS™ (Stationary Ultrasound) in detail

Normally, ultrasound energy is applied by moving the transducer (dynamic or semi-stationary method). This is required
in connection with the phenomena that can lead to tissue damage (“hot spots”). In addition, dynamic ultrasound appli-
cation is time-consuming and labor-intensive. StatUS™ therapy, in contrast, is a new method of applying ultrasound
without moving the transducer (= stationary). The therapist no longer even needs to hold the transducer. Such a

“handsfree” treatment frees up a lot of time and makes treatments less cumbersome.

Figure 7: StatUS™ therapy in practice

17
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4.1. StatUS™ Therapy Devices

In order for stationary ultrasound to be applied, the transducer needs to be fixated in one manner or anoth-
er. Because the StatUS™ ultrasound transducer is built in to a special suction cup (the StatUS™ applica-
tor), the transducer can be placed on the body quickly and easily. The vacuum pressure can be adjusted as
desired. The ATUS controller (Air-To-Ultrasound), where the ultrasound and vacuum come together, forms

the connection between the Status™ transducer and the StatUS™ therapy device (see figure 8).

)/

=

To create good transfer of the ultrasound energy, a special gel pad is placed on the transducer (ordinary

2]

Figure 8: StatUS™ applicator and ATUS controller

gel cannot be used because it is sucked in by the vacuum pump). The gel pad is kept in place by means
of a fixation ring. Due to the vacuum pressure the transducer and gel pad perfectly connect on the body

surface (see figures 9 and 10).

gel
Figure 9: Contact surface when applying a Figure 10: Contact surface when applying a
traditional applicator and normal gel StatUS™ applicator and the special gel pad



StatUS™ therapy is possible with 3 new 6-series devices:

1. Sonopuls 690 S (S = StatUS™)
2. Sonopuls 692 S
&, Sonopuls 692V S

An individual StatUS™ module is also available. This can be built in to existing 6-series devices in case these units
already have an ultrasound module. The StatUS™ module only works in conjunction with an ultrasound module. The
transducer in the StatUS™ applicator has an effective surface of 5 cm?. The frequency for the ultrasound must be set

to either 1IMHz or 3MHz.

Sonopuls 690 S

Sonopuls 692 S

Sonopuls 692V S

19
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4.2. The Principle of StatUS™ Therapy

StatUS™ treatment is a relatively simple treatment. The parameters that need to be set do not differ

significantly from the known parameters for applying regular ultrasound treatment.

The parameters can be quickly and easily set from the operating menu of Sonopuls StatUS™ devices.
StatUS™ therapy can be directly activated from the main menu (see figure 11), after which the parameter

screen is accessed in 2 steps (see figure 12). This screen has many similarities with the “traditional”

ultrasound therapy screen.

Sonopuls StatUS EE'L'

Electrotherapy
Ultrasound Therapy
StatUS Therapy
Combination Therapy

System Settings

m 0:00 m 000 Bm 0:00

0-0 mA 0.0 mA 0.0 Wi/cm? 0

A 4
Figure 11: Main menu (Sonopuls 692 S) with StatUS™ therapy option

<« |Sonopuls StatUs 3

Treatment Time 08:00
Ultrasound Applicator B
Ultrasound Frequency 3 MHz
Duty Cycle 20%
Amplitude Modulation ® (on)
Pulse Frequency 100 Hz
Units W/cm?
m 0:00 m 000 | B 08:00
§ 0-0 mA 0-0 mA 0-50 W/cm? 0 4

Figure 12: Parameter screen for StatUS™ therapy



The parameters for a StatUS™ ultrasound treatment differ fr om a “traditional” ultrasound treatment by the addition of
2 (patented) modulation forms:
1. Duty cycle modulation

2. Amplitude modulation

These modulation forms ensure that the intensity peaks in the ultrasound bundle are greatly reduced, that the chance
of cavitation decreases and that the occurrence of “hot spots” is combated. Modulation occurs automatically in a certain

rhythm — which is partially determined beforehand (see § 4.2.1 and § 4.2.2).

4.2.1. Duty Cycle Modulation

The duty cycle can be described as the relationship between the pulse duration and the pause duration. The duty cycle

is expressed in a percentage (%). If the duty cycle is 100%, then the device works in continuous mode.

Duty cycle modulation means that the duty cycle is automatically varied in a fixed rhythmic pattern. The modulation is
characterized by a fixed duration of 12 seconds in total, during which the (previously) set duty cycle goes to 5% and
then back again. So, if a duty cycle of 50% has been set, then it will gradually decrease from 50% to 5% in 6 seconds
in order to then again increase from 5% to 50% in 6 seconds. In fact, this modulation ensures that the pulse duration is

automatically decreased and then increased.

Duty cycle 6 sec 6 sec
50%
7 %
20% - - - - O e e ----
5%
12 sec

Figure 13: Duty cycle modulation (example of modulation at a selected duty cycle of 50%)

21
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4.2.2. Amplitude Modulation

Amplitude modulation is the varying of the ultrasound intensity. This form of modulation is also character-
ized by a rhythmic period of 12 seconds. The set intensity (W/cm?) equals 100%. In the first 6 seconds the
intensity decreases from 100% to 85% in order to return to 100% in the following 6 seconds. Amplitude
modulation has a fixed pattern and cannot be changed. This is in contrast to duty cycle modulation, where

the duty cycle must be set to 5, 10, 20, 50, 80 or 100%.

Example Amplitude (Watt) 6 sec 6 sec

1,0W/cm? = 100%

0,85W/cm?= 85% % ,

12 sec

Figure 14: Amplitude modulation (example of modulation at a set intensity of 1.0 W/cm?)

Both forms of modulation can be activated and deactivated independent of each other. This (de)activation
takes place by selecting the desired function in the parameter screen (see figure 12). The (factory) default

setting for both modulation forms is “modulation on.”

When both modulations are activated, these run synchronously (in phase) and start “from high to low.” This

way the difference between the minimum and maximum of the effective capacity is the biggest.



5. Advantages of StatUS™ Therapy

StatUS™ ultrasound therapy is the newest development in the area of therapy and treatment comfort. The advantage of
Sonopuls StatUS™ devices by Enraf-Nonius is that you can apply ultrasound both in a stationary as well as a dynamic

manner. And — depending on the set parameters — you can work thermally and non-thermally.

Dynamic application with a Stationary application with the StatUS™ applicator
traditional transducer

Ultrasound therapy is highly suitable for successfully treating injuries to connective tissue (collagen) that is very dense

(such as ligaments, tendons, fascia, joint capsules and scar tissue).

StatUS™ therapy is also the best way to treat injuries where (delayed) tissue regeneration and restore of functions are
in the foreground. StatUS™ especially offers unprecedented advantages when it comes to treatments where the treat-
ment time can be up to 20 minutes. Just as in the case when low-intensity ultrasound is used in order to speed up the
consolidation time of fractures. Normally, such dynamic ultrasound application is time-consuming and labor-intensive.
The StatUS™ takes this work out of your hands without it impacting effectiveness and/or efficiency! With StatUS™ you

work faster, smarter and more efficiently. In short:

Quick and easy StatUS™ therapy can be directly accessed and is easy to set up.

Saves time With StatUS™ as a “hands-free” form of therapy the therapist has his or her hands free
during treatment, which results in a significant gain in time.

Less labor-intensive Because the therapist no longer needs to hold the transducer, StatUS™ is the ideal
therapy form for long(er)-term treatments.

More ease-of-use More comfort for both the patient as well as the therapist.

Less cumbersome Because the therapist no longer needs to hold the transducer the treatment is not cum-
bersome for the therapist.

Efficient The transducer is always at the correct angle. The special gel pad forms to the body’s

contours. This combination ensures even and constant transmission of energy over the
entire surface of the transducer.

Effective The set treatment time is also the effective treatment time. The set capacity is effectively
applied at that sites in the tissue.
Safe Special modulation forms ensure that undesired intensity peaks in the ultrasound bundle

are greatly reduced, that the chance of cavitation decreases and that the occurrence of
“hot spots" is combated.

23
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6. Indications and Contraindications

The greatest effect of ultrasound occurs in that tissue where the energy is absorbed in an efficient manner.
This is connective tissue (collagen) with a high degree of denseness such as ligaments, tendons, fascia,

joint capsules and scar tissue.

The heat that is created in the tissue can make a positive contribution to decreasing pain and muscle

tension and combating contracture.

In low doses, ultrasound also appears to be able to speed up the recovery of nerves 71 and bone.

Ultrasound therapy is primarily applied in (sport) physical therapy, orthopedics, rehabilitation and veterinary

medicine.

6.1. Indications

e Arthrosis/arthritis (in a non-active stage)

e Bursitis

e Capsulitis

e Tendinitis

* (Acute) ligament injuries

e Post-traumatic conditions after contusion, distortion, dislocation, fracture

e Scar tissue

e Peripheral nerve injuries: neuropathy, hernia of the nuclear pulp, phantom pain
* Raynaud’s syndrome, Blrger’s disease, Sudeckse dystrophy

e Dupuytren’s contracture

Indications for LIPUS
e Fractures (e.g. tibia, radius and wrist fractures)
e Delayed bone healing

e Stress fractures



6.2.

Contraindications

Contraindications such as they apply to heat therapy
Epiphyseal discs (patient under 18 years of age)
Area with a (malign) tumor

Heart

Brain

Eyes

Facial sinus

Pregnancy (abdomen)

Testicles

Thorax (patients with a pacemaker)

Diabetes mellitus

Areas exhibiting decreased sensitivity
Thrombophlebitis and varices

Septic inflammations

Close to metal implants and endoprostheses (LIPUS is possible here)

Thyroid and lymph nodes in the neck

25
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7. Treatment Examples

This section presents the dosing parameters associated with stationary ultrasound treatment for eight
indications. The epicondylitis lateralis humeri (tennis elbow) indication will be discussed somewhat
more comprehensively. As regards the other injuries, a table with the relevant treatment parameters
will suffice. The therapist will, however, remain responsible at all times for the ultimate choice of the

treatment quantities.

Important note: Because the ultrasound energy emitted from the StatUS™ applicator is transmitted to
the tissue in a highly effective manner, we advise you to set lower intensity levels than those usual for

(traditional) ultrasound therapy.

7.1. Stationary application of Ultrasound for Epicondylitis Lateralis Humeri

Etiology

A tennis elbow is an injury where pain is felt on and around the epicondylus lateralis humeri as a result
of excessive use of the radial wrist extensors (synonyms: surménage, occupational overuse syndrome,
repetitive strain injuries/RSI). Direct trauma of the elbow is rarely the cause of this injury. The symptoms
occur as a result of partial ruptures of the extensor carpi radialis longus and brevis, often with a secon—
dary reaction of the periost. The term tennis elbow was coined in view of the fact that this injury is seen
in tennis players, although the symptomatology is also seen in people other than tennis players.
Tennis elbow typically occurs in people aged 30 to 60; the lesion is rare in people younger than 30. The
injury is classified as a “self-limiting disease,” and has a recovery period of 8-13 months without any

form of intervention.

Clinical Manifestation

The clinical picture is very typical. There is pressure pain at the site of the origin of the above-mentioned
extensors and contraction against resistance (active supination and dorsal reflection of the wrist) causes
major pain. The pain radiates from the forearm, sometimes the middle and ring fingers also hurt. Some-

times the pain radiates to proximal structures. There is no restriction in movement of the art. cubiti.



Type Classification
Although regarded by some as partly arbitrary, a classification into four types is employed. Such a classification offers
more possibilities for determining an adequate dosing strategy of ultrasound applications than has often been assumed

(see figure 15).

Figure 15: Classification into “types” with epicondylitis lateralis humeri

Type | Figure 15, position 1
Origin of the m. extensor carpi radialis longus (tenoperiosteal), proximal from the epicondylus lateralis and ventral from

the humerus. During examination and treatment the elbow is positioned at 90-degree flexion and supination.

Type Il Figure 15, position 2
Origin of the m. extensor carpi radialis brevis (tenoperiosteal), directly on the lateral epicondyle (so not on the lateral
aspect of the epicondyle). During examination and treatment the elbow is positioned at 90-degree flexion and supina-

tion.

Type Il Figure 15, position 3
Tendon of the m. extensor carpi radialis brevis (tendinous), just proximal from the caput radii. During examination and

treatment the elbow is positioned at 45-degree flexion and pronation.
Type IV Figure 15, position 4

Muscle-tendon transition and proximal part of the m. extensor carpi radialis brevis (tendinomyogenous). During exami-

nation and treatment the elbow is positioned at 90-degree flexion and supination.
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Therapeutic Application of Ultrasound

Ultrasound therapy can be applied by means of two application methods:
e Dynamic

e Stationary (static)

Dynamic — or static application of ultrasound?

In the dynamic application technique, the ultrasound transducer is slowly moved over a relatively sizeable
tissue surface while with stationary application the transducer is focused on a confined location. In the
dynamic treatment moving the ultrasound transducer levels intensity peaks in the ultrasound bundle. In the
static application method the set intensity (W/cm?) is varied over a certain range, which prevents a danger-
ous peak intensity from building up. This enables localized ultrasound treatment whereby the transducer is

fixated at one specific tissue position with the aid of a vacuum pump.

Reasons for choosing Ultrasound

A multitude of physical therapy treatment options is reported in the literature. Depending on the type, stage
and topicality of the injury, one intervention is sometimes preferred over another. Especially due to the
often subacute and chronic character of the injury, where pain as well as metabolic changes play a role,
ultrasound treatment should be considered because, in addition to indirect pain alleviation, the local tissue

metabolism is affected by ultrasound application.

Dosing Strategy
Because the difference in tissue classification and localization results in differences in absorption, penetra-
tion, distribution, breaking and reflection, targeted differentiation of ultrasound dosing is necessary. The

dosing parameters in the table below provide insight into such a targeted dosing strategy.

Epicondylitis Type | Type Il Type lll Type IV

Lat. Hum.

Tissue type tenoperiosteal tenoperiosteal Tendinous 'rll'ce:lrjusjinomyoge-
ERA 5,0 cm? 5,0 cm? 5,0 cm? 5,0 cm?
Frequency 3 MHz 3 MHz 1 MHz 1 MHz

Duty Cycle 20% 20% 20% 20%
Modulations on on on on

Intensity 0,5 W/cm? 0,5 W/cm? 0,75-1,0 W/cm? | 1,0 — 1,5 W/cm?
Time 5 min 5 min 8 min 12 min

Table 2: Differentiation of ultrasound dosing parameters for various tissue types in the case of epicondylitis lateralis
humeri



7.2. Stationary application of Ultrasound with various pathologies

The tables below provide an overview of the dosing parameters treating injuries in the neck/shoulder area, gluteal

region, hip, lower leg and foot. A treatment example for applying LIPUS is given at the end.

7.2.1. Neck/shoulder - Hypertonia m.trapezius pars descendens

Dosing parameters Hypertonia m.trapezius pars descendens
Tissue type: musculature

ERA: 5,0 cm?

Frequency:: 1 MHz

Duty Cycle: 20%

Modulations: on

Intensity: 1,0 - 1,5 W/cm?

Time: 10 min

7.2.2. Shoulder — Bursitis Subdeltoidea

Dosing parameters Bursitis Subdeltoidea
Tissue type: bursa

ERA: 5,0 cm?

Frequency: 1 MHz

Duty Cycle: 20%

Modulations: on

Intensity: 1,0-1,5 W/ecm?

Time: 5 min
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7.2.3. Gluteal region — Piriformis syndrome

Dosing parameters Piriformis syndrome
Tissue type: musculature

ERA: 5,0 cm?

Frequency: 1 MHz

Duty Cycle: 20%

Modulations: on

Intensity: 1,5 -2,0 W/cm?

Time: 8 min

7.2.4. Hip — Bursitis trochanterica

Dosing parameters Bursitis trochanterica
Tissue type: bursa
ERA: 5,0 cm?
Frequency: 3 MHz
Duty Cycle: 10%
Modulations: on
Intensity: 0,25 - 0,75 W/cm? f
3‘ 4,
Time: 5 min 1‘ ‘

Al
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7.2.5. Tibia— Partial rupture caput med. m. gastrocnemicus

Partial rupture caput med. m. gastrocnemicus

Dosing parameters

Tissue type: musculature
ERA: 5,0 cm?
Frequency: 3 MHz

Duty Cycle: 20%
Modulations: on

Intensity: 0,75 - 1,5 W/cm?
Time: 10 min

7.2.6. Foot — Fasciitis plantaris

Dosing parameters

Fasciitis plantaris

Tissue type: fascia

ERA: 5,0 cm?
Frequency: 3 MHz

Duty Cycle: 10%
Modulations: on

Intensity: 0,5 - 1,25 W/cm?
Time: 8 min
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7.2.7. Bone Healing (LIPUS) — Stress Fracture of the Tibia (Posterior)

A stress fracture occurs from repeated high doses of stress. Half of all stress fractures resulting from play-
ing sports (tennis, football, volleyball, basketball, running) occur in the tibia. In addition, the foot (25%-35%)
and the hip are also sensitive to stress fractures. The cause of the symptoms small fractures (hairline tears)
of the bone tissue. This can lead to a real fracture later in the process. With fragile bones, such as with
osteoporosis, these processes occur earlier. Due to the small tears, stress fractures are difficult to see on
X-rays. Only when the fracture heals can you see that there is a fracture from the new bone formation. This
often makes diagnosis of this injury difficult. With a stress fracture a tolerable, vague pain is initially felt that
occurs gradually and primarily at the beginning of a sports activity. Due to this athletes often walk around
for quite some time with these symptoms before a stress fracture is ascertained. In the second stage the
pain becomes sharper and worse. In the third stage there is even pain when the body is at rest and in some
cases there is swelling at the site of the pain. The pain symptoms can manifest themselves in various loca-

tions; in the tibia this occurs on the interior, while in the foot this occurs in the forefoot and in the hip in the

groin.
Dosing parameters Tibia (posterior)
Tissue type: bone
ERA: 5,0 cm?
Frequency: 1 MHz
Duty Cycle: 10%
Modulations: on
Intensity: 25 mW (0,05 W/cm?)
Time: 20 min (daily)
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